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The years 2011–12 will be regarded as memorable ones for the “Newto-
nian industry” since they have witnessed the publication of two beautiful
and long awaited books devoted to Newton’s method and philosophy.
They deserve great attention and praise, and I warmly recommend them
to any reader interested in 17th and 18th century science and philosophy.
The favorable conjunction of 2011–12 should not come as a surprise for
those who have been following the recent trends in Newtonian scholar-
ship. Indeed, after the great generation of H. W. Turnbull, A. Koyré, I. B.
Cohen, D. T. Whiteside, B. J. T. Dobbs, A. R. Hall, Mary Boas Hall, and
R. S. Wesftall, Isaac Newton has continued to be the object of intense his-
torical research. In the 1990s, a new wave of historians of mathematics,
who capitalized on the immense riches of Whiteside’s edition of the Math-
ematical Papers (1967–1981), produced a ºood of essays devoted to rather
technical aspects of Newton’s oeuvre. An incomplete list includes Michel
Blay, Dana Densmore, Herman Erlichson, Bruce Brackenridge, François
De Gandt, Bruce Pourciau, and Michael Nauenberg.1 Now the pendulum
seems to be swinging towards philosophy, rather than mathematics, as is
immediately apparent from the titles of the two books under review.
The focus of Harper and Ducheyne’s books is Newton as the originator
of a new method—an alternative and more effective method than the
hypothetico-deductive one.

1. See, for example: Blay 1992, Brackenridge 1995, Herman Erlichson 1994, Nauen-
berg 1994, De Gandt 1995, Pourciau 1992 and Pourciau 1998, Densmore 1995.
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In what follows I will not have the space to delve into all the details of
the books under review: such a task would require one to exceed even the
generous word limit granted by Perspectives on Science. What I will try to do
is to provide the reader with an account of the main theses defended in
these books by framing them within the context of their respective inter-
pretative traditions. In the closing paragraphs I will attempt to suggest
new historiographical approaches that might complement what has been
achieved by Harper and Ducheyne.

Harper’s aim in Isaac Newton on Scientiªc Method is to provide a system-
atic and comprehensive treatment of Newton’s argument in support of the
idea of universal gravitation, based on a combination of accurate ex-
perimental and observational results2, mathematical inferences3 and epi-
stemological assumptions4. Newton’s starting point is the notion that the
familiar force of gravity that acts close to the Earth’s surface is, in fact, a
long-range force responsible for the motion of primary, secondary planets,
and comets, the ebb and ºow of tides, as well as for the shape of plan-
ets. Part of the problem with Newton’s argument is that in order to
capture its cogency one has to read the Principia from cover to cover. In-
deed, in the Principia there is no single argument, but a complex handling
of mathematical models which are confronted with experimental data.
The mathematical sophistication of Newton’s work and his stringent de-
mand for accuracy were unprecedented in his times. As Harper shows,
there was something new in Newton’s way of handling models and mea-
suring theoretical parameters. Previous natural philosophers, such as Gali-
leo and Huygens, had followed what might be called a hypothetico-
deductive method, whereby a hypothesis is tested by comparing predic-
tions drawn from it with experimental data. If the predictions are accurate
enough, the hypotheses can be considered corroborated, whereas small de-
viations between prediction and observation can be attributed to disturb-
ing factors. As I. B. Cohen, and later George Smith, have demonstrated in
great detail, Newton proceeded differently (Cohen 1980 and Smith 2002).
Harper puts it as follows: “Newton’s treatment of these deviations exemp-
liªes a method of successive approximations [. . .]. On this method, devia-
tions from the model developed so far count as new theory-mediated phe-
nomena to be exploited as carrying information to aid in developing
a more accurate successor” (p. 6). Typically, the deviations from Keplerian
motions exhibited by planets are interpreted as due to gravitational per-
turbations exerted by masses distributed in the solar system, masses that
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2. Most notably, the phenomena that open book 3 of the Principia (3rd ed.).
3. A number of propositions in book 1.
4. Most notably, the four regulae philosophandi in the Principia (3rd ed.).



can be identiªed as causes of perturbing gravitational forces. It is the
success of this identiªcation, along with the unfolding of more and more
accurate models integrating new details of the planetary system that con-
stitutes the main achievement of Newton’s Principia. This is a well-known
feature of the Newtonian method that, as I mentioned above, has been
studied by Cohen and Smith in great historical and philosophical detail.
What is new about Harper’s book is his careful reconstruction of Newton’s
argument for gravitation expounded in the ªrst eight propositions of
book 3. Any scholar interested in understanding Newton’s Principia
should be grateful to Harper for his accomplishment.

Harper aims to reconstruct a cogent argument for gravitation from the
text of the third edition of the Principia. How did Newton select and han-
dle the numerical data that constitute the phenomena that open book 3 of
the Principia (bearing in mind it is the 3rd edition that Harper is analyz-
ing)? How did Newton deploy the mathematical propositions of book 1 in
order to demonstrate that planets are deviated from rectilinear inertial
motion by a central force directed toward the Sun, and that the intensity
of this force varies inversely to the square of the distance? How did New-
ton come to identify this force with gravitation? On what grounds did he
claim that this force, governing planetary interactions, extends its action
to all bodies in the Universe? Harper delves into these thorny questions
with authority and expertise, and in so doing clariªes many enduring puz-
zles. For example (on pp. 220–47), he critically discusses Westfall’s claim
that Newton fudged his lunar data in order to achieve an extraordinarily
precise agreement with Huygens’s data on pendulum motion close to the
Earth’s surface; data that are necessary to claim that the Moon is acceler-
ated by inverse-square terrestrial gravity (Westfall 1973). In this instance,
we ªnd an illustration of an important feature of Newton’s methodology
that Harper often underlines: the progress made in the accuracy of the suc-
cession of mathematical models that approximate observed phenomena is
measured on the basis of the increased accuracy of the measurement of
theoretical parameters such as the constant g extracted by Huygens’s pen-
dulum experiments. As Harper rightly observes, it was the agreement
between different measurements of theoretical parameters obtained by ex-
perimental data concerning different phenomena that ensured the empiri-
cal success of Newton’s theory of gravitation. This is still an important
feature of the methodology of theoretical physics today: we need only con-
sider the corroboration lent to the Standard Model by increasingly accu-
rate measurements of the Weinberg angle in independent experiments in
which different particles and widely separated energy ranges are involved
(Amsler 2008).

What makes the third book of the Principia difªcult and fascinat-
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ing to read, is the plurality of experimental and observational data that
Newton takes into consideration in order to corroborate—by successive
approximation—the parameters of his celebrated theory, such as, for ex-
ample, the ratio between inertial and gravitational mass. Harper’s book
will be of great help to all readers interested in orienting themselves in the
daunting world of Newton’s handling of data.

Harper’s book, it should be added, is extremely difªcult to read. The
author does not make too many concessions to his readers and asks them
to proceed through his pages equipped with paper and pencil. It seems to
me that the readers who will proªt the most from Isaac Newton’s Scientiªc
Method are philosophers of science interested in studying the details of
how a theory can receive evidence from experimental data. Newton, the
seventeenth-century natural philosopher, and the Principia, a text situated
in a speciªc context that determined its meaning for its author, receive lit-
tle attention from Harper. As I stated above, the Principia are examined in
their third (1726) edition, and only the ªrst propositions of book 3 are the
object of Harper’s analysis, because it is there that the argument for uni-
versal gravitation is to be found. What might be even more worrying for
some historically minded readers is Harper’s free use of mathematical
techniques not available to either Newton or any of his contemporaries.
There is nothing wrong, I concur with Nicholas Jardine, in using tech-
niques not available to the historical actors: we should not limit our
analytical tools because of a purist concern about anachronism (Jardine
2000). In a way, the use of conceptual resources not available to historical
actors is unavoidable; it is an essential part of historical interpretation.
When reading Newton, we can and must use mathematical techniques
not available to him, provided that we are aware of the dangers of histori-
cal distortion implied by such usage. I think that most of the time Harper
has done a nice job in alerting his readers about the modernizing effects
brought about by modern terminology and techniques. Most notably, he
makes perfectly clear that in Newton’s times even the taking of the arith-
metic mean from a set of data was unusual. Actually, statistical examina-
tion of observational data began only in the eighteenth century, and New-
ton was a pioneer in averaging data, as Buchwald and Feingold have
discussed at length (2012, pp. 92–101). However, I think that Harper’s
use of statistical analysis has projected on Newton’s procedures a quan-
titative precision that is so often lacking in book 3 of the Principia.
Typically, by statistical analysis of data cited in Principia, Harper derives a
t-Student quantitative estimate of conªdence intervals; however, quantita-
tive tests of this sort are remote from Newton’s mathematical practice.
Newton’s method, as already remarked above, is based on the use of ap-
proximate models, yet Newton is seldom able to quantitatively control
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the level of approximation, and therefore make use of the precision of
Harper’s statistics. For example, when he models planetary motions in
terms of “orbits that differ very little from circles” (prop. 45, book 1), we
are not told what “nearly” means, or how such an approximating assump-
tion affects the level of accuracy of inferences drawn from it.5 Indeed, the
introduction of a calculus-based approach to planetary perturbations,
thanks to the work of Clairaut, Euler, and d’Alembert (among others) at
the mid of the 18th century was motivated by the possibility that calculus
offers to keep the level of approximation under quantitative control—for
example, by expanding orbital parameters as power series of the eccentric-
ity and systematically truncating the relevant series after an explicitly spe-
ciªed power. From this point of view, Harper’s approach does not put into
relief the signiªcance of an important change in the mathematization of
analytical dynamics that occurred just after the third edition of the Princ-
ipia was published, a change that certainly made the mathematical meth-
ods deployed in Newton’s masterpiece obsolete.

Further, in some cases considered in Harper’s book, the application
of the Student’s t-distribution appears problematic. For example, on
pp. 181–6, Harper considers the empirical success of the celebrated moon-
test. The data in this case are those obtained in different experiments by
Picard, Huygens, Richer, and Varin et al., who provided four seconds pen-
dulum estimates of the one second’s fall d at Paris; and those obtained by
Prolemy, Vendelin, Huygens, Copernicus, Streete, and Tycho, who pro-
vided six estimates of the lunar distance from the earth in terms of earth
radii. Harper applies a Student’s t-conªdence estimate to these two sets of
data. The Student test should be carried out under the assumption that
the (statistically independent) observational data (four for the ªrst set, six
for the second) are extracted from the same Gaussian population: that is,
one assumes that they have the same true mean and the same (unknown)
true variance.6 Typically, one assumes that the same experimental proce-
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5. Another example of Newton’s qualitative approximation is prop. 26, book 3, where
we read: “let us imagine that the orbit [of the Moon] is circular, and let us ignore all in-
equalities with the sole exception of the one [the so-called “variation”] under discussion
here.” (Newton 1999, p. 841). As Wilson observes, Newton did not deduce the Moon’s or-
bit from the equations of motion, as Euler did, but, rather, “assumed a ªctive shape (a con-
centric circle) and reasoned to the modiªcation in it that the perturbing forces would re-
quire.” (Wilson 2001, 171).

6. There are cases in which a suitably modiªed Student’s test is applicable also in the
presence of unequal variances, yet this aspect is not, and probably cannot be (given the
quality of the data examined in Isaac Newton’s Scientiªc Method) discussed by Harper. Fur-
ther, the effect of departures from the Gaussian assumption can be minor in certain cir-
cumstances. So, in principle, the intervals given by Harper could be close enough for the
argument he is pursuing. I thank Alberto Rotondi (Department of Physics, University of



dure and apparatus are used in taking the data. In the case at hand the data
(e.g., the four data concerning seconds pendulums estimates of d ) have,
one presumes, the same mean, but different variances, as it should happen
with different experiments (those of Huygens, Picard, Richer, and Varin).
Yet, nothing is said about the errors of the data taken in the four different
experiment cited above, or about the sample sizes, presumably because
what Newton had access to were just four “golden numbers” provided by
Huygens, Picard, Richer, and Varin, who—as usual in those times—did
not publish the set of their experimental data, but rather a single value
that they chose as the best amongst their results. Therefore, it seems to
me, Harper’s application of the Student’s t-conªdence estimate is not en-
tirely rigorous.7

With Steffen Ducheyne’s book we are in an altogether different re-
search tradition compared to that of Harper, who is deeply indebted to the
historiographical approach brilliantly championed by Howard Stein.
The theme is, again, Newton’s method, but the author’s viewpoint is
much broader compared to Harper’s—as he takes into consideration not
only the Principia, but also the Opticks and some theological works—
and solidly anchored to that current of historical interpretation that
gives pride of place to a contextualized reading of past actors’ language.
Ducheyne’s book is notable for its extensive and accurate transcriptions
and subtle interpretations of Newton’s manuscripts, which serve the pur-
pose of illuminating aspects of Newton’s thought that come across as
opaque, or are just obliquely referred to, in the printed text.

This important difference notwithstanding, Ducheyne is clearly
indebted—as he generously recognizes—to Harper’s work, and even more
so to I. B. Cohen’s and George Smith’s. Especially in the two chapters
(2 and 3) devoted to the Principia, Smith’s ideas, and even technical termi-
nology, are clearly discernible. Ducheyne accepts most of Smith’s theses
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Pavia) and Roger Purves (Department of Statistics, University of California, Berkeley) for
their advice on this issue.

7. I note a non-fatal, but worrying, mistake on p. 313, note 37 where we read: “So a
body moving according to an inverse-square force directed toward a center will move in ei-
ther a hyperbola, or a parabola, or an ellipse with respect to that center. A hyperbolic tra-
jectory would after closest approach to the sun carry the body off into space. A parabolic
trajectory would crash into the sun. The only conic trajectory corresponding to a body main-
taining an orbit about the sun is Kepler’s ellipse” (my italics). Of course, a parabolic trajec-
tory will not necessarily make the body crash into the sun, being one of the admissible so-
lutions for the two-body problem, as Newton proved in propositions 13 and 57–63,
book 1. Newton further considered parabolic trajectories for comet motion at the very end
of book 3.



concerning Newton’s method, but he shows maturity and independence of
judgment in several ways (he has no qualms, for example, in correcting
the classic (Cohen 1980) on pp. 62 ff.).

Ducheyne opens his book with a chapter in which he argues that New-
ton’s famous statements on the use of analysis and synthesis in natural phi-
losophy should be read by taking into consideration his youthful studies
of Aristotelian textbooks such as Samuel Smith’s Aditus ad logicam (1649).8

According to Ducheyne, Newton creatively made use of the terminology
and conceptions characteristic of the Aristotelian tradition, and most no-
tably of the book by Smith he owned and—as Ducheyne discovered—
annotated. Some of Newton’s pronouncements on the method of analysis
and synthesis can be interpreted as meaning that in the method of analysis
one deduces forces from phenomena (most notably, trajectories), while in
the method of synthesis one deduces phenomena by assuming forces to be
known. Aristotelian textbooks make a similar distinction between two
stages in the inquiry of nature, one in which proximate causes (ªrst in the
order of nature, but second in the order of knowledge) are inferred from
phenomena, the other in which phenomena (ªrst in the order of knowl-
edge, but second in the order of nature) are deduced from their causes.

In chapters 2 and 3 Ducheyne moves on to analyze the Principia. He de-
votes great attention to the genesis of Newton’s masterpiece, to the math-
ematical methods deployed, to Newton’s methodological pronouncements
concerning method and how they ªt with his actual scientiªc practice.
The overall thesis conªrms what Cohen, Smith and Harper have argued:
Newton’s method is not the hypothetico-deductive method, but rather a
more complex and stringent one, which yields greater evidence thanks to
a progressive reªning of mathematical models.

Next Ducheyne moves on to examine Newton’s optical work, which
he considers to be characterized by a failure to successfully implement
the method of the Principia. More precisely, Newton was unable to
“accommodate optical phenomena according to his own methodological
ideals” (p. 179), as expressed in his Principia and in related manuscripts.
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8. These passages occur in Query 31 of the Opticks—but also see the very interest-
ing manuscript which is transcribed by Ducheyne on pp. 50–2 (CUL Add. MS 3968,
f. 109r–v). It should be noted, however, that this manuscript does not seem to support
Ducheyne’s thesis concerning an Aristotelian inºuence on Newton’s discourse on analysis
and synthesis. When referring to analysis and synthesis in the manuscript, Newton clearly
refers (as could be proved by collating these lines with manuscripts in which Newton com-
ments Pappus’s work) to the seventh book of Pappus’s Collectio: he describes the analysis
and synthesis of the “Geometria Veterum,” and then relates these methodological distinc-
tions of the double method of analysis and synthesis characteristic of Greek geometry to his
own “Methodus Synthetica ºuxionum et momentorum” (p. 50).



Ducheyne points to several “asymmetries” between Newton’s mathemati-
zation of gravitation and his treatment of optical phenomena. Most nota-
bly, in the former case Newton was able to establish causal relationships as
systematic dependencies between cause and effect (without committing
himself with regard to the physical nature of the interaction responsible
for such dependencies), while in the latter he wished to provide an account
of optical phenomena (say, the constitution of light, or interactions be-
tween light and matter) that had to be framed in hypothetical physical
terms (one might think of Newton’s account of the color of thick plates
in terms of the interaction between ether waves and transparent corpuscles
constituting matter (Shapiro 1993).

In the ªnal chapter, Ducheyne considers the interaction between New-
ton’s natural philosophy and theology. He bases this chapter on a thor-
ough analysis of the General Scholium that concludes the second edition
of the Principia: he analyzes the printed text as well as often extremely in-
teresting manuscripts related to it. Ducheyne shows that Newton con-
ceived his natural philosophy of gravitation as a means to reject certain as-
pects of Descartes’ and Leibniz’s philosophy—such as soul-body dualism,
determinism, the autonomy of Nature from God’s providential action—
which he despised on theological grounds. On the other hand, Ducheyne
quite convincingly argues that it is misleading to see—as (Mamiani 2002)
does—a deep continuity between Newton’s method in natural philosophy
and the method he deployed to decipher prophecies. Further, Duchyene
observes that while Newton’s conceptions of space and time were certainly
inºuenced both by his physics and by his theology, it seems that he was
able and willing to keep these two levels of discourse separate: in the
scholium on space and time which follows the deªnitions “Newton con-
sciously restricted himself to technical arguments” (p. 274), since he was
addressing a matter that could be dealt with independently from theologi-
cal issues.

As it is apparent from the brief account above, Ducheyne’s book offers
quite a rich account of Newton’s thought on method: its author treats au-
thoritatively and in an innovative way many themes that have long been a
central focus of attention in Newtonian scholarship. This is a book that
will remain an indispensable reference for future historical research on
Newton’s natural philosophy. It should be added that Ducheyne conceives
his book not “as a contribution to Newton scholarship or Early Modern
Science alone, but also as a contribution to the History of Scientiªc Meth-
odology”: that is, as a historical study of the “practices and convictions
about how to obtain knowledge about the empirical world” (p. 302). As
such, this book will be of great interest also to philosophers of science.

The books under review demonstrate the importance of Newton’s
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achievements for the development of philosophy. Andrew Janiak has ar-
gued in favor of looking at Newton as a philosopher in a most powerful
and convincing way in his pivotal book. Here he claims that Newton “did
not present a philosophical system [. . .] an overarching theory of knowl-
edge or response to global skepticism”, but instead “dealt systematically
with those elements of metaphysics that are intimately connected with
his work in mathematical physics” (Janiak 2008, p. 9). Janiak and Eric
Schliesser have recently claimed that Newton can be regarded as one of the
leading ªgures in the development of philosophical ideas for at least
two reasons: ªrst, because “Newtonian mechanics” came to be seen as
a “privileged form of knowledge” to be engaged with in metaphysical
and epistemological discourse; and second, because philosophy came to
deªne itself “in terms that often contrasted with—or were modeled on—
Newtonian success” (Janiak and Schliesser 2012, p. 1).

Newton, it should be added, had a very complex persona: studying his
work means confronting daunting philosophical problems, but also get-
ting to appreciate an extraordinarily rich scientiªc practice, which spans
from experimentation to pure mathematics. Newton is known as the au-
thor of metaphysical tracts such as the so-called De Gravitatione, yet he was
also a craftsman who was able to build the ªrst reºecting telescope—an
achievement which secured him a fellowship at the Royal Society, and
which would have lain well beyond the competences of an Immanuel Kant
or a Karl Popper. Newton was appreciated by his contemporaries for his
dexterity as an artisan and a technician able to handle metal alloys and op-
tical devices, biblical concordances and astronomical computations: when
reading his correspondence, one ªnds that he was often consulted (most fa-
mously by Halley in August 1684) because of his skills in answering
thorny technical questions. Newton was proud of the effectiveness of the
methods he had devised in the laboratory as an optician, chemist and
physicist, and at his desk as a chronologist, interpreter of alchemical
and biblical texts, and geometrician. And I wonder to what extent New-
ton’s pride in being the discoverer of such efªcient methods lies behind
the contempt for metaphysics which informs his scientiªc as well as theo-
logical thought. This resonates with his derision of Descartes and Leibniz
and his disdain for “Platonists,” who—in the company of the Egyptians
and other Heathens—had corrupted the ancient religion with philosophi-
cal fancies about the Trinity instead of remaining true to the humble
method of the philologist who “hold[s] fast the form of sound words”
(Yahuda MS 15.1, f. 11r). Even when Newton broached metaphysical is-
sues, he did so—as Janiak and Schliesser remark in the above-quoted
essays—from the standpoint of the practitioner of geometry and mechan-
ics: is De Gravitatione, the most metaphysically signiªcant of Newton’s
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writings, not a treatise devoted to hydrostatics, the most Archimedean of
disciplines? Newton the metaphysician embedded his speculations on
void, space, time, matter, motion and God within a treatise whose literary
genre was that favored by hydraulic engineers. We should, I suggest, not
only devote our attention to what Newton wrote, but should also be more
attentive to the style in which he expressed his ideas. The books under re-
view do not pay much attention to the literary genres that the author of
Principia adopted. Yet, Newton communicated his ideas by having re-
course to a rich palette of literary strategies that sometimes determine the
meaning of his pronouncements. Why was Newton restricting the circu-
lation of some of his work to a close group of acolytes? And how did he
position himself within a circle of disciples? How did he choose his corre-
spondents, and what did he reveal to them? What did he allow to go to
the press and why? How did he deªne himself as an author? Why were
some of his books (the Opticks and the Arithmetica universalis) and papers
(the paper on the brachistochrone in the Philosoophical Transations for
1697) published anonymously?

All these questions concerning Newton’s authorial strategies and the
context in which Newton proffered his utterances on method are not ad-
dressed by Harper and Ducheyne. These two authors are interested in ex-
tracting a doctrine on method from Newton’s pronouncement and his
scientiªc practice. Thus, they write—and they do so with impeccable
professionalism—in the dry style of analytic philosophy. Yet, an image of
Newton does emerge from their work—very much as a literary construct.
It is an image that is not so much revealed by their historical analyses as
premised in the form of a working hypothesis that guides their research.
Brieºy, this image is that of Newton as a thinker deeply engaged in meth-
odological questions concerning experimental method, metaphysics and
epistemology. As I mentioned above, Harper and Ducheyne frame their
analyses of Newton’s contribution to scientiªc method in close association
with Newton’s scientiªc practice. I very much enjoyed this viewpoint that
informs Harper’s detailed study of the handling of astronomical data in
book 3 of the Principia, as well as Duchyene’s careful reading of Newton’s
manuscripts related to the Principia and Opticks.

The ªrst step that I suggest in order to complement Harper’s and
Ducheyne’s achievements is to bring into the narrative Newton’s mathe-
matical as well as alchemical practice. I am not an expert on Newton’s
chemistry or alchemy, but it seems unsatisfactory to me that in the books
devoted to Newton we are reviewing barely a word is spent on these ex-
perimental and theoretical pursuits, which absorbed so much of his time
and energy. Newton—I would venture to say—did not have the outlook
of an armchair philosopher, but rather that of an artisan getting his
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hands dirty in a smoky “laboratory.” When working in his rooms, he
would spend most of his time consulting astronomical and logarithm ta-
bles, drawing curves with instruments of his own make, and performing
lengthy calculations. At a certain moment in his life, books such as Mede’s
one on chronology, Villalpando’s one on the Temple, and Spencer’s one on
the customs of the Jews, together with histories of the early Church and
other books on theology, mythological emblems and prophecy, began to
encumber his table. Newton’s work in these diverse domains was indeed
characterized by a “method,” or perhaps we should say a “style.” Most
prominently, in the ªelds of mathematics and alchemy, Newton gave pride
of place to problems and very concrete questions such as: How can one
ªnd the radius of curvature of the cissoid? How can one determine the
path of a comet? How can one measure the distance of a star? Which
mechanism explains the contraction of muscles? What is the regulus
stellatus and how can one produce it? Newton’s approach to these ques-
tions very often revealed a great inventiveness and creativity, a lack of
interest—or even contempt—for verbose metaphysical and theoretical
setups (like the ones preferred by Isaac Barrow in his lengthy Lectiones
Mathematicae from 1683), and a search for practical and efªcient tech-
niques to answer very speciªc questions. His approach was often that of
the practical-minded artisan, who will value a method if it works, rather
than that of the purist methodologist. Newton might be described, I sug-
gest, as a practitioner for whom what mattered was what one can ªnd at
the bottom of the crucible, or as the bottom line of a calculation. What
Newton was interested in, what he was good at, was efªciently solving
problems that bafºed his contemporaries.

Newton the practitioner was particularly efªcient in the ªeld of mathe-
matics. His techniques in disposing of mathematical conundrums were
spectacular. Driven on by his exceptional mathematical dexterity since his
youth, Newton approached mathematics as his calling—as an intellectual
enterprise that it was physically impossible for him to set aside. In order
to appreciate Newton’s mathematical style, the reader might try do de-
velop y as a power series in x in the vicinity of the origin when x and y
are related by an “affected” equation such as y6 � 5xy5 � (x3/a)y4 � 7a2x2y2

� 6a3x3 � b2x4 � 0; or the reader might try to construct a mechanical de-
vice which draws a conic passing through three given points and tangent
to two given straight lines lying on a plane, and then turn to Newton’s
own solutions.9 They are so simple and direct! And at the same time, they
often reveal deep mathematical concepts. The style in which Newton
presented his mathematical discoveries in his manuscripts, in his corre-
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spondence, and later in his printed works was that commonly used
by the geometers, land surveyors, astronomers and table makers of his
times. Mathematicians had to produce methods for solving speciªc prob-
lems whose utility for whole classes of practitioners—active in local
instrument-makers’ shops, on the ªeld as surveyors, or aboard ships as
mariners—would be often advertised on the title pages of mathematical
books (as in, van Schooten 1646). Methods were ostensively illustrated by
examples, rather than deduced from ªrst principles. It is telling that New-
ton subdivided his mathematical masterpiece, the De methodis serierum et
ºuxionum, into chapters each devoted to the resolution of a problem: his
methods of series and ºuxions were explained to the learner through their
application to increasingly difªcult cases. What the practitioners needed
were instruments for curve tracing, devices for drawing tangents and radii
of curvature, and tables for squaring curves (“integral tables,” in Leib-
nizian terminology). Newton’s methods provided just that, and in abun-
dance. This—to repeat—was a style common in the 17th century commu-
nity of mathematical practitioners. It is the style of Barrow’s Lectiones
geometricae (1670), but not of the Lectiones mathematicae (1683). The latter
are a verbose presentation of basic concepts of kinematics, geometry, and
number addressed to philosophically inclined readers, or perhaps aimed at
impressing university literati in the attempt to defend the dignity of
mathematics and thus justify the foundation of the Lucasian Chair: they
were not the best resource to be introduced into the messy toolbox of
Newton the mathematical practitioner. Of course, Newton was guided by
theoretical, philosophical and even theological interests in promoting his
mathematized natural philosophy. Yet, he shared with mathematical prac-
titioners a number of interests that can be seen as motivations behind the
discovery of the calculus. Did he not write his ªrst treatise on the method
of series and ºuxions, De analysi per aequationes numero terminorum inªnitas
(1669), as a response to Nicolaus Mercator’s Logarithmotechnia (1668)? And
was one of the ªrst applications of the binomial theorem for fractional ex-
ponents, which he discovered in 1664–5, not the calculation of loga-
rithms? It is known that Newton calculated logarithms up to 55 decimal
places in his youthful studies. Since Kepler’s Tabulae Rudolphinae (1627)
logarithms were the essential tool for table-making. Newton’s discovery of
the calculus can be seen as having been motivated, at least in part, by the
exigency to tabulate logarithms and trigonometric magnitudes which was
top in the agenda of astronomers, mariners, and land surveyors in the Eng-
land of his times. His contemporaries were aware of this connection and
“in January 1681, [when] John Adams was undertaking a survey of the
whole of England, the Royal Society requested that Newton furnish Ad-
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ams with technical assistance, and Newton did write at least one letter
about the project” (Westfall 2001, p. 335). But Newton’s involvement
with technological enterprises became even more frequent after his move
to London. As Warden (1696) and Master (1700) of the Mint, President of
the Royal Society (1703), and member of the Parliamentary Committee
for the Board of Longitude (1714), he had many more chances for putting
his mathematical and chemical talents in the service not of natural philos-
ophy and theology, but rather of much more mundane aims, such as navi-
gation and the reform of coinage. It seems to me that we have still to inte-
grate the history of Newton’s mathematical discoveries, and of the early
development of calculus in general, within the current narrative of the
mathematization of nature in the long seventieth century, which lately has
begun to reveal the fundamental role played by the obscure practitioners
populating Taylor and Wallis’s biographical dictionaries (Taylor 1954,
1966 Wallis and Wallis 1986, 1993).

In his mathematical work, Newton did devote attention to rather broad
conceptual issues—such as the status of inªnitesimal magnitudes, or the
relationship between algebra and geometry—but always he did so strictly
within the context of his mathematical practice. Newton the philosopher
of mathematics is indeed discernible behind Newton the busy mathemati-
cal practitioner. But trying to understand the former without paying due
attention to the latter can produce distortions in the image we achieve
of Newton; more precisely, what we would achieve is an image that
Newton himself would have disavowed. Indeed, when engaged in the
ªerce polemic with Leibniz over the invention of the calculus, Newton of-
ten underlined that he deserved all praise because he had been able to
solve much more difªcult problems compared to the German: their mu-
tual confrontation—according to Newton’s polemic strategy—concerned
results, not ªrst concepts, rules and notations.

Some concluding remarks on the Principia are in order, since this opus
magnum is given pride of place in the books under review. My suggestion
to approach the study of Newton starting from the assumption that his
work could be related to the enterprises of the practitioners listed in Tay-
lor’s biographical repositories (see the Newton biography in Taylor 1954,
p. 251) seems desperately wrong when we consider such an imposing
work, which was presented by its author as a better alternative to the
philosophical manifesto of mechanical philosophy. Yet, while it is true
that it was in order to disprove Descartes’ Principia that many pages of
Newton’s Principia were written, it is not with metaphysicians that New-
ton corresponded during its composition; nor did he write the work in
emulation of metaphysicians. It is a polymath—Christiaan Huygens—
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that Newton held as his model, and it is with astronomers such as John
Flamsteed, Robert Hooke and Edmond Halley that he was deeply engaged
while writing it. In the third book, which brings the work to completion,
Newton clearly addressed himself to professional astronomers. When
wishing to deªne the readers he was addressing, Newton mentioned natu-
ral philosophers well steeped in geometry and astronomy.10 What Newton
displays in book 3 is an intimate knowledge of the technical issues of
astronomical practice, as many pages of Harper’s book amply demon-
strate. It is this facet—and not just methodological or metaphysical theo-
retical options—that distinguishes Newton’s Principia from Descartes’.
The Frenchman, Newton thought, had written nothing but ªction,
whereas with book 3 he himself had written an astronomical treatise.
Book 3 ended with the mechanical tracing of the parabolic orbit of the
1680/81 comet: a display of craftsmanship illustrating the author’s ac-
quaintance with astronomical tables, new insights on interpolation meth-
ods, a graphical iterative approximation technique, and the careful han-
dling of tracing devices. I believe it might be fruitful, then, to continue
along the lines so clearly traced by Harper by reading Newton’s Principia
in the light of the astronomical tradition. Newton’s method of devising a
series of models that increasingly approximate planetary motions by suc-
cessive adjustments—a feature underlined by Cohen, Smith, Harper and
Ducheyne—strikes me as bearing some analogies—despite obvious differ-
ences when it comes to the notions of cause and force—to the old tradi-
tional astronomical procedure, whereby adjustments would be made to
deferent circular motions (eccentric and equant points, major and minor
epicycles) in order to predict planetary longitudes. Newton’s studies on
the Moon’s motion culminated in a “theory” (in the traditional Ptolemaic
sense of the word) based on a Horrocksian model consisting in a mecha-
nism implying an elliptic deferent and an epicycle (Newton 1702). The
fact that Newton had recourse to such an old-fashioned kinematic mecha-
nism has been often described as a failure (Whiteside 1976). Yet, perhaps
Newton the practitioner-astronomer was elated with pride rather than
struck by “disenchantment”—as Whiteside would put it—by his kine-
matic device: it was, after all, a useful model that could help generate
more accurate Lunar tables. I do not have the impression that Newton
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considered his Theoria Lunae as anything less than a great achievement in
the advancement of Lunar table-making (Kollerstrom 2000).

The study of Newton’s Principia as a work conversant with the methods
of mathematical practitioners and astronomers cannot of course be pur-
sued beyond reasonable limits. In general, one cannot study Newton’s
scientiªc practice without recognizing that Newton placed his alchemical,
mathematical, natural philosophical and astronomical pursuits within
broad philosophical agendas. If he kept on experimenting in his (al)chemi-
cal laboratory for years, it was in pursuit of an aim whose breadth was un-
clear to his amanuensis, and is still an open issue for present day histori-
ans. Certainly, this aim was philosophical in character. When Newton the
mathematician ªlled pages upon pages of calculations and diagrams, he
did so urged by his vocation for mathematical creativeness. Yet, he also
had a more ambitious purpose in mind: Newton assigned himself a special
place in his own reconstruction of the history of mathematics and held
rather passionate views about mathematical method, the superiority of the
methods of the ancients over those of the moderns, and the role of mathe-
matical method in natural philosophy. When writing the Principia, reli-
gious views about God and his relation to Nature, as well as convictions
about the presence of non-mechanical agents in Nature occupied his mind
and in part directed his research project, as Ducheyne shows in the ªnal
chapter of his book. So in the end, Newton the practitioner was also a phi-
losopher. Yet, I would argue that Newton’s philosophical agenda was con-
siderably different, in language and purpose, from what we call philoso-
phy nowadays—or even from what Kant understood by this word more
than two centuries ago. The impression I have is that many philosophi-
cally informed scholars of Newton’s method concentrate their attention on
issues that Newton considered within a context considerably remote from
the one familiar to the philosopher of science of our day. The viewpoint
taken by those who study Newton’s ideas on scientiªc method often re-
stricts the canon of Newtonian texts considered relevant to a handful of
loci to which critics return again and again (typically, the Regulae, the
General Scholium, the De Gravitatione and the queries). And this is so be-
cause “philosophy” is understood from our 21st century disciplinary per-
spective. Harper’s and Ducheyne’s monographs help us transcend this nar-
row perspective. I suggest that a study of Newton’s method that might
make us move even beyond the horizons of the books under review should
include an analysis of activities that absorbed most of Newton’s time and
energy: for example, the practice of chemistry, the practice of mathemat-
ics, or the practices of biblical criticism, the deciphering of prophesies,
and chronology. The problems, successes and failures in coping with these
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practices that inform Newton’s work should be studied in relation to his
philosophical pursuits, provided that “philosophy” is conceived in terms
that would have been understood by Newton and to his contemporaries.
Otherwise we risk producing an elegant exercise in contemporary phil-
osophy of science that addresses questions that were not a priority for
Newton—or which possibly he would not even have understood.

Finally, let me add that in order to achieve a more contextualized un-
derstanding of Newton’s philosophy and its relation to his scientiªc prac-
tice, one needs to approach his discourse within the linguistic conventions
and disciplinary boundaries of his age, which were inºuenced by the dra-
matic social, religious and political upheavals that unsettled England dur-
ing Newton’s own lifetime. The above statement borders triviality, yet any
reference to the social, religious, political and economic contexts is con-
spicuously absent in the works belonging to the interpretative tradition in
which Ducheyne and Harper so authoritatively position themselves. The
purpose of extracting a method or a philosophical doctrine from a selec-
tion of Newtonian texts—however comprehensive this selection may—is,
of course, a laudable scholarly enterprise, and we should be grateful to the
authors of the books under review for having gone so far in fulªlling it. Yet,
after reading the dry and often anachronistic prose in which these books are
written, I found it refreshing to turn to the “thick description”—as Clifford
Geertz would have it (Geertz 1973)—of Newton’s ideas provided by Frank
Manuel in his delightfully eccentric biography (Manuel 1968). Here, New-
ton’s philosophical and theological ideas appear less clear-cut, less of a “les-
son on scientiªc method” (Harper, pp. 214ff.) and more of a collection of
often contradictory utterances that the author of Principia and Opticks prof-
fered driven by ideological idiosyncrasies, passionately endorsed political
and religious opinions, and philosophical aims pursued in contrast to his
contemporaries. But this, of course, is a different story. After having sa-
vored the philosophical acumen of the books reviewed here (which may
rightly be described as masterpieces), we shall have to wait for new books,
written by differently oriented Newtonian scholars, in order to enjoy a
fresh depiction of Newton not as a theoretician capable of developing—as
Harper and Ducheyne demonstrate—ideas on method that are still en-
lightening for contemporary philosophy of science, but rather as a man
with his feet ªrmly planted on the soil of the England of the Common-
wealth, the Restoration, the Glorious Revolution and the Hanoverian suc-
cession; a man dog-earing More on the immortality of the soul, Mede on
the methodizing of prophesies, and van Schooten on the use of geometria
organica for the designing of sundials, in search of a natural philosophy
which could provide an answer to his own anxieties, rather than to
Whewell’s, Duhem’s or Popper’s questions.
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