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Abstract 

 

 

 

Isaac Newton condemned the use of hypotheses with his (in)famous methodological 

statement, Hypotheses non fingo, and yet employed hypotheses explicitly in every edition of 

the Principia.  Some commentators have argued that Newton was working with several 

inconsistent notions of ‘hypothesis’: specifically, the hypotheses he used in the Principia 

are not the sort that he railed against in the General Scholium at the end of that book.  

Other commentators argue that Newton’s methodological statements are simply 

inconsistent with how he actually proceeded: for example, they argue that the queries 

introduced by Newton at the end of his Opticks are hypotheses-in-disguise. 

I argue that Newton’s methodological pronouncements and his use of hypotheses 

are far more consistent than previously thought.  I consider Newton’s methodology 

within the framework of his three-way epistemic distinction between theories, which are 

certain and experimentally confirmed, hypotheses, which are uncertain and speculative, and 

queries, which are not certain, but provide the proper means to establish the certainty of 

theories.  I call this division Newton’s ‘epistemic triad’.  I argue that Newton’s 

hypotheses and queries have distinctive and vital supporting roles within this epistemic 

triad.  This provides us with a much more consistent picture of Newton’s methodology. 

Drawing together the strands of Newton’s methodology over the forty-odd years of 

his active scientific life, I defend three theses in relation to Newton’s epistemic triad: 

Endurance thesis.  There are some general features of Newton’s methodology that do not 

change.  These are characterised by the framework of the epistemic triad. 

Developmental thesis.  There are some particular features of Newton’s methodology that 

change over time.  These can be characterised as a development (and/or fine-

tuning) of the epistemic triad. 

Contextual thesis.  There are some particular features of Newton’s methodology that vary 

with respect to context (i.e. the topic of inquiry).  These can be characterised as an 

adaptation of the epistemic triad to particular contexts. 
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Introduction 

 

 

 

Sir Isaac Newton condemned the use of hypotheses with his (in)famous methodological 

statement, Hypotheses non fingo, and yet employed hypotheses explicitly in every edition of 

the Principia.  Some commentators have argued that Newton was working with several 

inconsistent notions of ‘hypothesis’: specifically, the hypotheses he used in the Principia 

are not the sort that he railed against in the General Scholium at the end of that book.  

Other commentators argue that Newton’s methodological statements are simply 

inconsistent with how he actually proceeded: for example, they argue that the queries 

introduced by Newton at the end of his Opticks are hypotheses-in-disguise. 

I argue that Newton’s methodological pronouncements and his use of hypotheses 

are far more consistent than previously thought.  I consider Newton’s methodology 

within the framework of his three-way epistemic distinction between theories, which are 

certain and experimentally confirmed, hypotheses, which are uncertain and speculative, and 

queries, which are not certain, but provide the proper means to establish the certainty of 

theories.  I call this division Newton’s ‘epistemic triad’.  I argue that Newton’s 

hypotheses and queries have distinctive and vital supporting roles within this epistemic 

triad.  This provides us with a much more consistent picture of Newton’s methodology. 

In chapter 1, I outline the central framework and assumptions of this thesis.  Firstly, 

I frame this thesis broadly in terms of the distinction between experimental and 

speculative philosophy; rather than the traditional distinction between rationalism and 

empiricism.  Secondly, I characterise Newton as an experimental philosopher, influenced 

by his Baconian contemporaries at the Royal Society.  Thirdly, I outline the distinctive 

mathematical aspects of Newton’s experimental method.  Finally, I introduce my central 

framework: the epistemic triad.  I argue that a three-way epistemic division structures 

Newton’s natural philosophical methodology.  In its earliest presentation, this epistemic 

structure can be characterised as a distinction between theories, which are certain and 

inferred from experiment, hypotheses, which are uncertain and speculative, and queries, 

which are not certain, but provide the proper means to establish experimentally the 

certainty of theories. 
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In chapter 2, I examine Newton’s methodology as he presented it in his early optical 

work (early 1670s).  I focus on letters and papers relating to this early work, in order to 

glean a coherent methodology.  I discuss several notable aspects of this early 

methodology: the tension between experiment, mathematics and certainty; Newton’s 

method of hypotheses; and his use of queries in guiding the debate to an empirical 

conclusion.  I argue that these methodological aspects are united through the framework 

of the epistemic triad, and form the first expression of this three-way division. 

In chapter 3, I continue my discussion of Newton’s optical work.  Drawing on my 

conclusions from chapter 2, in this chapter I consider Newton’s Opticks, which was 

published thirty-two years after his first paper.  Firstly, I give an overview of the Opticks, 

and make some general remarks about the methodological aspects of this work.  

Secondly, I consider the nature of the empirical evidence employed in the Opticks, 

arguing that Newton was making a distinction between experiment and observation 

which turned on the function performed by the evidential statements, rather than on 

their content.  Thirdly, I consider Newton’s use of speculative conjectures in the Opticks.  

Commentators have often described the queries of the Opticks, especially the later ones, 

as hypotheses-in-disguise.  I argue that, in the Opticks, hypotheses and queries played 

different methodological roles.  I conclude by offering an account of the epistemic triad 

as it appears to operate in the Opticks. 

In chapter 4, I turn from Newton’s optical work to consider another facet of his 

natural philosophy: celestial mechanics (Newton called it ‘rational mechanics’).  Drawing 

on my conclusions from chapters 2 and 3, I consider Newton’s Principia, which was first 

published in 1687.  I shall argue that there are some common features between the 

Principia and the Opticks.  Firstly, I give an overview of the Principia, and make some 

general remarks about the epistemic goals and methodological aspects of this work.  

Secondly, I give an account of Newton’s use of hypotheses in the Principia.  I argue that 

Newton’s use of hypotheses in the Principia, bears much closer resemblance to the 

method of hypotheses we see in his optical work, than has traditionally been recognised.  

Thirdly, I attempt to reconcile Newton’s phenomena with his description of the Principia 

as a work of experimental philosophy, giving an account of the phenomena as explananda 

but not appearances.  Fourthly, I consider Newton’s epistemic aims and achievements in 

the Principia, giving an account of Newton’s laws of motion and his aim of certainty.  I 

conclude by giving an account of the epistemic triad as it appears to operate in the 

Principia. 
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In chapter 5, I draw my conclusions.  Drawing together the strands of Newton’s 

methodology over the forty-odd years of his active scientific life, I defend three theses in 

relation to Newton’s epistemic triad: 

Endurance thesis.  There are some general features of Newton’s methodology that do not 

change.  These are characterised by the framework of the epistemic triad. 

Developmental thesis.  There are some particular features of Newton’s methodology that 

change over time.  These can be characterised as a development (and/or fine-

tuning) of the epistemic triad. 

Contextual thesis.  There are some particular features of Newton’s methodology that vary 

with respect to context (i.e. the topic of inquiry).  These can be characterised as an 

adaptation of the epistemic triad to particular contexts. 
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1 Newton the Experimental Philosopher  

Figure 1  

 

In this chapter, I outline the central framework and assumptions of this thesis.  In 

sections 1.1 and 1.2, I frame this thesis broadly in terms of the distinction between 

experimental and speculative philosophy; rather than the traditional distinction between 

rationalism and empiricism.  In section 1.3, I characterise Newton as an experimental 

philosopher, influenced by his Baconian contemporaries at the Royal Society.  In section 

1.4, I draw on the work of Isaac Barrow to describe the distinctive mathematical aspects 

of Newton’s experimental method.  In section 1.5, I introduce my central thesis: that 

Newton’s methodology is best characterised as an epistemic triad, that is, a three-way 

epistemic distinction between theories, hypotheses and queries.  In section 1.6, I make 

some concluding remarks, and provide an overview of the thesis. 

1.1 Was Newton a Rationalist or an Empiricist? 

Traditionally, the study of early modern philosophy has been carried out within the 

framework of the distinction between rationalism and empiricism (hereafter RED).  

Rationalism is the doctrine that some external world truths can only be known a priori, 

and that this knowledge is superior to any that experience can provide.  It is characterised 

by an acceptance of the doctrine of innate ideas, that is, the doctrine that the mind 

contains ideas, or knowledge of some kind, prior to any experiences.  It follows from this 

doctrine that innate ideas are universal, since they are things that all humans are born 

with (Markie, 2012).  Empiricism is the doctrine that external world truths can only be 

known a posteriori, and that this knowledge is dependent on sense experience.  It is 

characterised by a rejection of the doctrine of innate ideas.  For example, John Locke 

made the following argument against the doctrine of innate ideas.  Firstly, he argued that, 

if ideas are innate, then they should be perceived immediately (i.e. by infants and idiots, 

as well as everyone else).  Secondly, he rejected the dispositional account of innate ideas, 

according to which there can be ideas present in the mind that the mind does not 

perceive.  Thirdly, he attacked the argument from universal assent (Locke, 1997: book 1).  

The RED typically divides early modern philosophers into two opposing camps: the 

British empiricists, including Locke, Berkeley and Hume; and the Continental rationalists, 

including Descartes, Spinoza and Leibniz. 
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Newton has largely been left out of these divisions.  I. Bernard Cohen and George 

Smith (Cohen & Smith, 2002) have suggested that this is because, traditionally, Newton 

has not been regarded as a philosopher.1  It is well known that Newton’s main 

contributions were to science.  So it is usually thought that he did not make any 

significant contributions to metaphysics or epistemology.  More recently, however, the 

philosophical aspects of Newton’s work have received greater attention.  For example, 

Alan Gabbey (Gabbey, 2002) has shown that, as well as a natural philosopher and a 

mathematician, Newton was a metaphysician, making important contributions to 

eighteenth-century discussions of mind-body interaction.  Howard Stein (Stein, 2002) has 

also emphasised Newton’s skill as a metaphysician and the significance of his 

metaphysical contributions to science.  Finally, many commentators have emphasised 

that Newton contributed to epistemology via his critical reflections on scientific 

methodology.2  In contrast to Cohen and Smith’s view, Andrew Janiak has suggested that 

the reason why Newton typically hasn’t been viewed as a philosopher is that he never 

embraced a “global metaphysical position such as dualism or monism” (Janiak, 2008: 9).  

He suggests that to treat Newton as a philosopher, we need to recognise that he 

systematically dealt with the metaphysical issues that arose in connection with his 

scientific work.  Thus, Newton was “systematic and philosophical without articulating a 

philosophical position” (Janiak, 2008: 9). 

Recognising Newton as a philosopher is only half the trouble.  The RED has often 

been viewed as arising out of the challenge of Pyrrhonic scepticism.3  Cohen and Smith 

have noted that philosophical considerations had led virtually all seventeenth- and 

eighteenth-century philosophers (namely, philosophers from Bacon and Descartes, 

through to Hume) to the same negative conclusion: “given the limited character of our 

senses, empirical inquiry in itself cannot establish much in the way of general theoretical 

                                                 

1 No one disputes the fact that there is a technical sense in which Newton, as a ‘natural philosopher’, 

counts as a philosopher in the early modern sense, but not in the same way as, for example, Descartes and 

Locke, who made significant contributions to general philosophy, i.e. metaphysics and epistemology. 

2 For example, (Ducheyne, 2012, Harper, 2011, Shapiro, 1993, Smith, 2001, Stein, 1967). 

3 In contrast to Academic scepticism, which claims that nothing can be known, Pyrrhonic scepticism 

withholds assent to any non-evident propositions.  Thus, Pyrrhonic sceptics remain in a state of perpetual 

inquiry (Klein, 2013). 
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knowledge” (Cohen & Smith, 2002: 3).  Newton’s work, especially the Principia, seems to 

reject such scepticism.  Newton was committed to the notion that the empirical world 

should be the ultimate arbiter of truth.  However he insisted that it was possible for the 

empirical world to yield definite solutions to theoretical problems.  So Newton’s 

approach might seem to be orthogonal to the RED.4 

Some commentators, however, have emphasised Newton’s empiricism, recognising 

Locke and Newton as ‘fellow travellers’ (e.g. Stein, 1990b).  Consider, for example, 

Newton’s Principia rule 3, which has often been taken as a statement of Newton’s 

empiricist position: 

Rule 3. Those qualities of bodies that cannot be intended and remitted [i.e., qualities that cannot be increased and 

diminished] and that belong to all bodies on which experiments can be made should be taken as qualities of all bodies 

universally (Newton, 1999: 795). 

Here, Newton denied that we can have access to universal properties of matter, either a 

priori or by reason alone.  In the discussion of this rule, Newton explained: 

For the qualities of bodies can be known only through experiments; and therefore qualities that 

square with experiments universally are to be regarded as universal qualities; and qualities that 

cannot be diminished cannot be taken away from bodies (Newton, 1999: 795). 

The empiricist tone of this rule is hard to miss.  Janiak has argued, however, that it is 

problematic to interpret Newton’s epistemology as straightforwardly empiricist.  He 

points out that the properties of material objects discussed in this rule – extension, 

hardness, impenetrability, mobility, and mass – are not discoverable by the senses alone.  

Rather, Newton’s empiricism seems to involve experiments guided by physical theory 

(Janiak, 2008: 115-117).  Similarly, Zvi Biener and Chris Smeenk (Biener & Smeenk, 

2012) have highlighted some tensions between Newton’s matter theory and his 

empiricism.  This suggests that labelling Newton an ‘empiricist’ is somewhat misleading. 

To return to the RED, according to the traditional story, successive figures in each 

camp developed the epistemological assumptions of their predecessors within the same 

                                                 

4 In his classic work The History of Scepticism, Richard Popkin has presented a different view.  While 

often using the labels ‘rationalist’ and ‘empiricist’, he pushes the RED to one side, arguing that it was the 

crise pyrrhonienne (the pyrrhonian crisis) that lay at the heart of early modern philosophy (Popkin, 2003).  For 

two very different criticisms of this position, see (Ayers, 2004) and (Waldow, 2010). 
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camp (e.g. Cushman, 1911).  Moreover, each rejected the central claims of the opposing 

camp.  Finally, the early modern period ended when Kant combined the insights of both 

rationalism and empiricism in his new Critical philosophy.  David Fate Norton has 

summarised this traditional narrative in the following parody: 

It came to pass that the earth was without form, and void, and darkness covered the face of the 

earth.  And the creator saw that the darkness was evil, and he spoke out in the darkness, saying ‘Let 

there be light’ and there was light, and he called the light ‘Renaissance’.  But still the creator was not 

pleased, for there remained darkness, and hence he took from Renaissance a rib, with which to 

fashion greater light.  But the strain of his power broke the rib, and there did grow up two false 

lights, one Bacon, whose name meaneth ‘Father of the British Empiricists’, and one Descartes, 

whose name meaneth ‘Father of the Continental Rationalists’. 

And because the creator saw that these were false lights, and that they should war with one 

another, he set them apart and divided them by a great gulf, and said unto them, ‘Thus shall you 

labor apart until there shall grow up out of the East, yea, even out of Koenigsberg, a great 

philosopher who shall be neither of you and yet like unto both of you, and he shall bring true light 

and unite you’. 

And thus it was that Bacon begat Hobbes, and Hobbes begat Locke, and Locke begat Berkeley, 

and Berkeley begat Hume.  And thus it was that Descartes begat Spinoza, and Spinoza begat 

Leibniz, and Leibniz begat Wolff.  And then it was that there arose the great sage of Koenigsberg, 

the great ImmanueI, Immanuel Kant, who, though neither empiricist nor rationalist, was like unto 

both.  He it was who combined the eye of the scientist with the mind of the mathematician.  And 

this too the creator saw, and he saw that it was good, and he sent goodly men and scholars true to 

tell the story wherever men should henceforth gather to speak of sages past (Norton, 1981: 331). 

This view of seventeenth- and eighteenth-century philosophy has dominated study 

of the early modern period.5  Since the late twentieth century, however, it has increasingly 

come under attack.6  Alberto Vanzo (Vanzo, 2013) has argued recently that critics of the 

RED hold that the distinction introduces three biases into early modern scholarship: 

                                                 

5 See for example (Adamson, 1903, Copleston, 1946-1974: Vols. 4, 5 & 6, Russell, 2012, Shand, 1993, 

Tubbs, 2009). 

6 See for example (Buckle, 1999, Gaukroger, 2010: 155-157, Haakonssen, 2006, Loeb, 1981, Norton, 

1981). 
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1) The epistemological bias.  Histories of early modern philosophy based on the RED 

tend to overemphasise the role of epistemological commitment in the central 

doctrines, developments and disputes of early modern philosophers. 

2) The Kantian bias.  Histories of early modern philosophy based on the RED tend 

to overemphasise the lack of common ground between the two camps, and 

Kant’s role in drawing the early modern period to a close. 

3) The classificatory bias.  Histories of early modern philosophy tend to 

overemphasise the extent to which all or most early modern philosophers can be 

classified as either empiricists or rationalists.  This has led to some unconvincing 

classifications and a failure to recognise the extent to which ‘rationalists’ were 

influenced by ‘empiricists’ and vice versa. 

Some of these problems have already become apparent in my attempt to classify Newton 

as an empiricist.  Firstly, Newton’s lack of commitment to a central doctrine makes it 

difficult to situate him in the RED.  Secondly, Newton’s theory-mediated empiricism 

suggests that he held some common ground with rationalists as well as empiricists. 

Peter Anstey (Anstey, 2005) has argued convincingly that there is a better way to 

‘carve up’ seventeenth- and eighteenth-century philosophy: namely, in terms of the 

distinction between experimental and speculative philosophy (hereafter ESD).  Speculative 

philosophy states that natural phenomena can be explained without recourse to 

systematic observation and experiment.  To characterise it broadly, speculative 

philosophy encourages the use of hypotheses and conjectures in the construction of 

speculative metaphysical systems, without recourse7 to observation and experiment.  In 

contrast, experimental philosophy states that natural phenomena can only be explained 

after observations have been collected and ordered.  Thus, observations form the basis 

of explanation.  As we shall see below, the ESD avoids the three biases that plague the 

RED. 

1.1.1 The ESD avoids the epistemological bias 

The ESD does not introduce the epistemological bias, because it is broader in scope than 

the RED and more modest.  Firstly, while the RED is an epistemological distinction, 

concerned with the origins of ideas and sources of knowledge, the ESD is a 

                                                 

7 Or only as an afterthought! 
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methodological distinction, concerned with the process of acquiring knowledge.  The 

methodological distinction is epistemological in that it addresses issues about the sources 

of knowledge.  But it also addresses the nature of hypotheses, principles, mathematics, 

experiment and natural history.  So the ESD is broader in scope than the RED.  This 

allows it to present a more comprehensive picture of natural philosophy and to provide a 

more nuanced understanding of individual philosophical positions and debates. 

Secondly, the RED only addresses sources of knowledge about the natural world, so 

the distinction only applies to natural philosophy.  In contrast, while the ESD originally 

applied only to natural philosophy, it was eventually applied in other areas of philosophy, 

including moral philosophy, political philosophy, and aesthetics, as well as natural 

philosophy.  So the ESD not only has a broader explanatory range than the RED, but 

also allows us to understand common and unifying features of the various areas of 

philosophy.  This gives us a better understanding of the development of early modern 

thought. 

Finally, the RED is presented as the main source of division amongst the 

philosophical community.  It is used as the primary explanation for all disputes, 

developments and doctrines in early modern natural philosophy.  In contrast, while the 

ESD was an important distinction, and one on which most early modern philosophers 

took a side, it was not the only source of division amongst the philosophical community.  

It was possible for several philosophers to find themselves on the same side of the ESD, 

and yet on opposing sides of a debate about, say, the nature of light, the permissibility of 

the mechanical hypothesis, or the use of technology such as microscopes or 

mathematics.  Many of these debates took place either independently of the ESD, or on 

one side or the other of the distinction.  So the ESD does not introduce the 

epistemological bias, because it leaves room for the central philosophical doctrines, 

developments and disputes of the early modern period to be influenced by other factors. 

1.1.2 The ESD avoids the Kantian bias 

The ESD does not introduce the Kantian bias.  Histories of early modern philosophy 

based on the RED tend to portray Kant as the crucial figure.  It is said that he discovered 

the limitations of both empiricism and rationalism, rejected their failures, and 

incorporated their successes into his own Critical philosophy.  Moreover, Kant’s Critical 

philosophy is held up as a superior alternative to both rationalism and empiricism, rather 

than simply a superior form of either rationalism or empiricism (Vanzo, 2013: 54). 
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Even mutatis mutandis, we cannot tell a similar story about experimental and 

speculative philosophy.  Speculative philosophy does not rule out the use of experiment 

or observation, but rather, assigns it a secondary role in natural philosophy.  And 

experimental philosophy, while emphasising the importance of experiment and 

observation, does not rule out speculation.  In experimental philosophy, the speculative 

step ought only to be carried out after the experimental step has been completed.  So 

these two approaches are not opposites in the same way that rationalism and empiricism 

are.  Moreover, the experimental philosophy was very much a work in progress: there 

was a lot of variation in how it was practised, and so there was room for improvement.  

The modification and development of experimental philosophy occurred via a process of 

technological improvement and is closely related to scientific success.  The experimental 

philosophy became increasingly dominant, sophisticated and successful, and the 

speculative philosophy fell by the wayside (Anstey & Vanzo, 2012: 501). 

1.1.3 The ESD avoids the classificatory bias 

The ESD does not introduce the classificatory bias, because it does not make the same 

assumptions about classification that the RED makes.  Firstly, it does not assume that all 

individuals or disciplines can be classified as either experimental or speculative.  While 

individuals often aligned themselves with one side or the other of the ESD (for example, 

the early Fellows of the Royal Society identified themselves as experimental 

philosophers), the distinction classifies neither people nor disciplines.  Rather, the 

distinction between experimental and speculative philosophy is primarily a distinction 

between approaches or methodologies.  It is conceivable that an individual could practise 

experimental philosophy at one time and practise speculative philosophy at another.  

Moreover, the ESD is independent of disciplinary boundaries, since it may be possible to 

approach a given discipline both experimentally and speculatively.  So the ESD does not 

attempt to force people or disciplines into one category or the other.8 

Secondly, the ESD does not attempt to impose an anachronistic framework on early 

modern philosophy, and so it does not run into the same problems to do with 

interpreting positions and drawing boundary lines.  While the RED was introduced in the 

                                                 

8 Anstey has noted that, as the experimental philosophy grew in popularity, it became a ‘movement’.  

Individuals began to identify themselves as experimental philosophers.  But, in the first instance, the ESD 

demarcates methodological approaches, not individuals (Anstey, 2014a). 
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late eighteenth century by Neo-Kantian scholars to make sense of the early modern period, 

the ESD was in use during the early modern period.  That is, the philosophers in question 

framed their own work in terms of the distinction between experimental and speculative 

philosophy.  So, while Boyle, Locke and Newton (for example) would have been very 

familiar with the ESD, they would not have recognised the RED.  The terms 

‘rationalism’, ‘empiricism’ and their variants were used during the period, but these had 

very different meanings to the ones eventually assigned to them by the RED (Gomez, 

2012).  This means that the ESD allows us meet these early modern philosophers on 

their own terms, so to speak.  We can address their concepts and practices according to 

the methodological terms and distinctions that they drew themselves.  It is possible to 

take their declarations at face value, leaving less room for misinterpretation. 

Finally, because the ESD avoids the classificatory bias, it also avoids a related 

difficulty: how to define the categories so that they can be applied in every case.  On the 

RED, it is difficult to settle exactly what the terms ‘rationalism’ and ‘empiricism’ mean.  

Scholars have been forced to make more fine-grained distinctions between different 

types of empiricism.  This leads to, what Anstey and Vanzo have called, a ‘proliferation 

of empiricisms’ (Anstey, 2010, Vanzo, 2014).  But on the ESD, while the terms of 

reference are vague, it is possible to work out where the sympathies of particular 

philosophers lie, since they presented their positions in precisely these terms.  Moreover, 

the proliferation of empiricisms leaves the RED demarcation line (or lines) open to 

debate: if scholars cannot agree on what empiricism and rationalism amount to – or how 

many kinds of empiricism there are – then they cannot use these terms to classify the 

individuals involved in any straightforward way.  In contrast, the ESD provides a far 

more natural line of demarcation: the individuals in question drew the line and took up 

explicit positions themselves. 

1.1.4 An objection from the straw man 

A common objection to employing the ESD as a historiographical distinction stems 

from the fact that the division is unbalanced.  While there were many notable supporters 

of experimental philosophy, including Boyle, Locke and Newton, there were few 

supporters of speculative philosophy.  One might object that the ESD does not provide 

a useful distinction, given that speculative philosophy appears to amount to little more 

than a straw man. 
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It is true that there were few supporters of the speculative philosophy.  Thomas 

Hobbes, Margaret Cavendish and John Sergeant were supporters, but it is hard to find 

any others (Anstey, 2012b).  However, this is not enough to undermine the ESD.  

Rather, it highlights two important differences between the ESD and the RED, both of 

which I have touched upon already.  Firstly, the ESD does not demarcate individuals but 

methodologies.  Individuals can be identified as experimental or speculative philosophers 

only insofar as they support one approach over the other.  The ESD is primarily a 

methodological distinction, and only secondarily a distinction between individuals.  So 

the number of promoters is largely irrelevant.9 

Secondly, while the RED appeared in the late eighteenth-century, more or less out of 

thin air, the ESD had a long pre-history.  The ESD grew out of a long tradition of 

distinguishing between operative and speculative philosophy.  On this earlier distinction, 

natural philosophy had been classified as a speculative enterprise.  So it was significant 

indeed that many seventeenth-century natural philosophers claimed to be doing 

experimental (or operational) philosophy (Anstey & Vanzo, 2012).  By using the 

historical framework of the ESD, rather than the historiographical framework of the 

RED, we can properly begin to address the historical context of the early modern 

experimental tradition. 

1.1.5 The ESD and Newton 

So far I have argued that studies of early modern philosophy based on the RED 

introduce several biases, which the ESD manages to avoid.  Moreover, the ESD provides 

a far more nuanced and historically relevant interpretation of early modern philosophy.  

For these reasons, we should prefer to frame commentaries on early modern philosophy 

in terms of the ESD, rather than the RED.  But I have one more reason for preferring to 

frame this thesis in terms of the ESD: it is a good way of characterising Newton’s 

methodology. 

I began this discussion by asking “Was Newton a Rationalist or an Empiricist?”, but 

this has proved a difficult question to answer.  While scholars have tended to find a place 

for Newton amongst the ‘British Empiricists’, this has proved far from easy, and the 

                                                 

9 That there were at least a few supporters of speculative philosophy should be enough to avoid the 

straw-man objection: this shows that it was not an unoccupied position. 



 

 13 

position itself, anything but comfortable.10  In Newton’s natural philosophy, there 

appears to be a deep tension between his empiricist tendencies and his rejection of 

Pyrrhonic scepticism.  Moreover, while there seems to be an important sense in which 

Locke and Newton were devoted to the same cause, Newton’s methodology deviated 

substantially from the methodologies of Locke and the other Fellows of the Royal 

Society.  Finally, the framework of the RED gives the impression that Newton’s natural 

philosophical methodology appeared out of thin air, and it downplays the extent to 

which Newton influenced the development of early modern philosophy.11  Cohen and 

Smith nicely capture the way in which Newton seems to be in a class of his own in the 

following passage: 

To be among the first rank of experimentalists, mathematicians, and theoreticians is more than 

enough to put Newton in a class by himself among empirical scientists, for one has trouble thinking 

of any other candidate who was in the first rank of even two of these categories (Cohen & Smith, 

2002: 18). 

In contrast, by employing instead the framework of the ESD, one can comfortably locate 

Newton among the experimental philosophers.12 

There are at least three particular benefits to allowing the ESD to inform the present 

commentary on Newton.  Firstly, as we shall see in the following section, the ESD sheds 

light on the philosophical traditions in which Newton developed his methodology.  

Secondly, when viewed through the lens of the ESD, we obtain a picture of Newton that 

is far more consistent with his actual impact on the development of natural philosophy.  

Thirdly, the ESD goes some way to explaining the spread of Newtonianism in the 

eighteenth century.  And so, to lay the first of my cards on the table: I follow Anstey 

                                                 

10 See, for example, Biener and Schliesser’s forthcoming collection, Newton and Empiricism, which 

promises to explore the relationship between Newton, Newtonianism and “a variety of empiricisms and 

empiricists” (Biener & Schliesser, 2014). 

11 It seems reasonable to suppose that, if the standard framework offers no guidance on one of the 

most influential philosophers of the age, then there surely must be something wrong with the framework! 

12 One important example of the explanatory power of the ESD is Newton’s rejection of hypotheses.  

Newton’s attitude to hypotheses is largely irrelevant to the RED, which is, I think, one of the main reasons 

why scholars have found it so difficult to locate Newton in the RED framework.  In contrast, Newton’s 

attitude to hypotheses presents no problem when considered within the ESD (Anstey, 2005: 232). 
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(Anstey, 2004), in considering Newton’s methodology from the vantage point of the 

ESD rather than the RED. 

1.2 The ESD & the Royal Society 

In the mid-1650s, a new approach to natural philosophy emerged in Britain: experimental 

philosophy.13  It stood in opposition to speculative philosophy.  Where experimental 

philosophy emphasised empirical evidence, speculative philosophy neglected it.  And 

where experimental philosophy was concerned with the careful collection and ordering 

of observations, speculative philosophy was concerned with the construction of 

metaphysical systems.  According to speculative philosophy, natural phenomena could be 

explained without recourse to systematic observation and experiment.  In the sense that 

observations were made, and explanations appealed to factual matters, speculative 

philosophy was empirical.  However, such observations were employed to demonstrate 

or develop the theory, rather than to test or support it. 

There was a strong rhetorical component to the distinction.  Promoters of 

experimental philosophy accused practitioners of speculative philosophy of indulging in, 

and misusing, hypotheses.14  To characterise it broadly, those who practised speculative 

philosophy were said to indulge in hypotheses and conjectures in order to construct 

speculative metaphysical systems.  In contrast, proponents of experimental philosophy 

emphasised the importance of empirical evidence and the role of the senses in acquiring 

knowledge.  Firstly, they claimed that knowledge of nature is derived from observations 

                                                 

13 See (Anstey & Vanzo, 2012) for an account of the origins of the ESD and the emergence of early 

modern experimental philosophy. 

14 Present-day philosophers of science distinguish between ‘theory’ and ‘hypothesis’ in several 

different ways.  For example, in some cases a ‘theory’ is the general thesis and ‘hypotheses’ are subordinate 

particular theses (e.g. Lakatos, 1970).  In other cases a ‘hypothesis’ is a general thesis stated prior to there 

being any empirical evidence; when it has enough empirical support, it becomes a ‘theory’ (e.g. Hilborn & 

Mangel, 1997).  In still other cases the terms ‘theory’ and ‘hypothesis’ are used interchangeably to refer 

both to general theses and subordinate theses (e.g. Chalmers, 1999).  Similarly, in the early modern period, 

‘hypothesis’ could be used to refer to a generalisation, a metaphysical principle, or even an explanatory 

system.  It also began to be used as a synonym for ‘conjecture’ or ‘speculation’.  For an account of the 

shifting in meaning and significance of the terms ‘theory’ and ‘hypothesis’ in seventeenth-century natural 

philosophy, see (Ducheyne, 2013). 
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of nature; not from hypotheses and speculations.  Secondly, they claimed that those facts 

about nature are obtained via observation and experiment (i.e. from sensory experience, 

reports of observations made by others, or by using instruments to manipulate natural 

objects).  Thirdly, they claimed that observation and experiment are just the means to an 

end; not ends in themselves.  Experimental philosophy emphasised observation and 

experiment only insofar as they formed the foundation for theorising in natural 

philosophy.15 

Initially, the experimental philosophy was adopted and developed in a Baconian 

form, according to the methodology set down by Francis Bacon (for example, in the 

Parasceve16).  This mostly involved adopting the Baconian method of natural history, which 

involved gathering vast collections of facts (from a wide variety of sources) about natural 

objects and qualities.  When all the facts about a particular topic were gathered, they had 

to be ordered in such a way as to facilitate theoretical reflection.  In this way, natural 

histories were to serve as the basis of natural philosophy.17  For example, Bacon wrote: 

As for the first, we must prepare a sound and sufficient Natural and Experimental History, for that is 

the very foundation of our work.  For our object is not to make up or invent what nature may do or 

allow, but to discover it (Bacon, 2004: 215). 

The Royal Society, which officially formed in 1660, was largely responsible for the 

widespread adoption of experimental philosophy both in Britain and on the Continent.  

While it officially formed as a “College for the Promoting of Physico-Mathematical 

Experimental Learning” (Bunch & Hellemans, 2004: 198), in the early days, the methods 

                                                 

15 This identifies an important difference between early modern experimental philosophy and the 

‘new experimentalism’ promoted by, for instance, Deborah Mayo (Mayo, 1996).  According to the new 

experimentalism, experiment has a ‘life of its own’, and progress in science amounts to accumulation of 

experimental knowledge.  In contrast, in early modern experimental philosophy, accumulation of 

experimental knowledge was important as a means to scientific progress, but was not to be equated with it. 

16 Parasceve ad historiam naturalem (Preparative to a Natural History) was included in the 1620s edition of 

Instauratio magna.  It contained two parts: (1) ‘A description of natural and experimental history of the kind 

fit to serve as a plan for the basis and foundation of the true philosophy’; and (2) ‘Aphorisms on the 

construction of a primary history’ (Bacon, 2004). 

17 For recent work showing the sophistication and complexity of Bacon’s method of natural history, 

see (Jalobeanu, 2011, 2014) and the special issue on Baconian natural history in Early Science and Medicine, 

17, including (Jalobeanu, 2012). 
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were more experimental than mathematical.  The Royal Society adopted the Baconian 

form of experimental philosophy with gusto.  On the one hand, members of the Royal 

Society criticised speculative philosophy for its ‘hypotheses’, ‘fancies’, and ‘speculative 

systems’, and on the other hand, they praised ‘natural histories’, ‘observations’, 

‘experiments’, and of course ‘Lord Verulam’. For example, in 1661, Abraham Cowley 

wrote his Proposition for the Advancement of Experimental Philosophy in which he proposed that 

the Royal Society appoint professors who were: 

bound to study and teach all sorts of Natural, Experimental Philosophy, to consist of the 

Mathematicks, Mechanicks, Medicine, Anatomy, Chymistry, the History of Animals, Plants […] and 

briefly all things contained in the Catalogue of Natural Histories annexed to My Lord Bacon’s 

Organon (Cowley, 1661: 31-32). 

And in his 1672 Preface to the Philosophical Transactions, Henry Oldenburg wrote: 

But, when our renowned Lord Bacon had demonstrated the Methods for a perfect Restauration of 

all parts of Real knowledge […] The success became on a sudden stupendious, and Effective 

philosophy began to sparkle, and even to flow into beams of bright-shining Light, all over the 

World (Oldenburg, 1672: 4002). 

But their adoption of the Baconian experimental philosophy was more than mere 

rhetoric.  Over the forty or so years that it remained popular, the Royal Society published 

scores of natural histories about all sorts of things, including countries, animals, plants 

and insects, meteorological phenomena such as cold and air, minerals, fluidity and 

solidity, and electrostatic phenomena.  It is surely no coincidence that the topics of these 

natural histories tended to follow the list of 130 natural histories set down by Bacon, 

appended to the Novum organum (Bacon, 2004).  As we saw above, this is certainly what 

Cowley recommended! 

The method by which natural histories were constructed and ordered was important.  

Bacon wrote: 

But Natural and Experimental History is so various and scattered that it may bewilder and distract the 

intellect unless it be set down and presented in suitable order.  So we must fashion Tables and 

Structured Sets of Instances, marshalled in such a way that the intellect can get to work on them (Bacon, 

2004: 215). 

To this end, when setting down his methodology Bacon recommended that a list of 

research questions, or queries, be constructed: 
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First, questions (I do not mean as to causes but as to the fact) should be added, in order to provoke 

and stimulate further inquiry; as in the history of Earth and Sea, whether the Caspian ebbs and 

flows, and at how many hours’ interval; whether there is any Southern Continent, or only islands; 

and the like (Bacon, 2004: 469). 

Thus, setting down a list of queries became a specific step in the construction of natural 

histories.  While queries already played a role in the scholastic tradition, they gained 

methodological significance and an important functional role in Baconian experimental 

philosophy.  In the Baconian method, queries served to specify the scope of the inquiry 

and to direct the inquiry towards observations and experiments (Anstey, 2004, Hunter, 

2007).  And so, in addition to natural histories, the Baconian experimental philosophers 

constructed lists of queries, many of which were published in the Philosophical Transactions.  

For example, in his introduction to Lawrence Rooke’s ‘Directions for Sea-men, bound 

for far Voyages’, Oldenburg wrote: 

It being the Design of the R. Society, for the better attaining the End of their Institution, to study 

Nature rather than Books, and from the Observations, made of the Phænomena and Effects she 

presents, to compose such a History of Her, as may hereafter serve to build a Solid and Useful 

Philosophy upon; They have from time to time given order to several of their Members to draw up 

both Inquiries of things Observable in forrain Countries, and Directions for the Particulars, they desire 

chiefly to be informed about (Rooke, 1666: 140-141). 

And in the prefatory remark to Boyle’s ‘General Heads for a Natural History of a Countrey, 

Great or Small, imparted likewise by Mr. Boyle’, Oldenburg wrote, by way of a conclusion: 

These [queries], in the mean time, were thought fit to be publisht, that the Inquisitive and Curious 

might, by such an Assistance, be invited not to delay their searches of matters, that are so highly 

conducive to the improvement of True Philosophy, and the wellfare of Mankind (Boyle, 1666: 189).18 

                                                 

18 Moreover, in addition to his published lists of queries, Boyle left many others among his 

unpublished papers.  These concerned ‘heads’ (or topics of inquiry) such as ‘Experiments about Volatile 

Salts’, ‘Magneticall Tryalls’ and ‘Experiments to be made in Seald Receivers’.  Under the head ‘Experiments 

about Volatile Salts’, for example, Boyle began the following list of queries: 

What bodies doe yield Volatile Salts. 

What bodies doe not yield Volatiles Salts.  And to which of these Vegetables doe belong. 

Wherein Volatile Salts differ from others. 

What it is denominates a salt Volatile. 

How to examine Volatile Salts […] (Hunter, 2005: 1) 

See (Hunter, 2005) for a complete transcription of these heads and queries. 
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So we can see that the experimental philosophy adopted and promoted by the Royal 

Society followed the Baconian method of natural history, including the method of 

queries, and the decrying of hypotheses.  Firm belief in the merits of this experimental 

philosophy can be seen in passages such as this one from Robert Hooke’s ‘Preface to the 

Royal Society’ in his Micrographia: 

The Rules YOU have prescrib’d YOUR selves in YOUR Philosophical Progress do seem the best 

that have ever yet been practis’d.  And particularly that of avoiding Dogmatizing, and the espousal of 

any Hypothesis not sufficiently grounded and confirm’d by Experiments.  This way seems the most 

excellent, and may preserve both Philosophy and Natural History from its former Corruptions (Hooke, 

1966/1665: Preface). 

The experimental philosophy continued to spread well into the eighteenth century.  

Firstly, it began to be applied beyond natural philosophy, to moral philosophy, aesthetics, 

and other branches of philosophy.  Secondly, it began to spread into Europe (Anstey, 

2013).  In the 1690s, however, the Baconian method of natural history began to fall out 

of favour with experimental philosophers.  Anstey (Anstey, 2005) has suggested that the 

Baconian method of natural history began to wane for two reasons.  Firstly, this method 

had proved particularly unsuccessful.  After forty years of constructing lists of queries 

and tables of natural histories, all that experimental philosophers had were questions and 

data; but no theories or general explanations of the data.  Secondly, with the publication 

of his Principia in 1687, Newton had introduced a powerful new method.  He combined 

the solid foundation of experiment and observation with the power of mathematical 

reasoning.  Philosophers began to emulate this mathematico-experimental method in 

natural philosophy and medicine (Guerrini, 1987). 

Recently, Anstey has considered the influence of the methodologies of Bacon and 

Boyle on natural philosophy in the first four decades of the eighteenth century (Anstey, 

2014a).  By following the pedagogical work of John Keill, Francis Hauksbee the Elder 

and John Theophilus Desaguliers, Anstey has demonstrated the extent to which 

experimental philosophy shifted away from the construction of natural histories, towards 

a mathematical approach.  The recognition of the power of Newton’s method is summed 

up nicely in the following quote by James Jurin, secretary of the Royal Society (1721-

1727): 

That Great Man [Isaac Newton] was sensible, that something more than knowing the Name, the 

Shape and obvious Qualities of an Insect, a Pebble, a Plant, or a Shell, was requisite to form a 

Philosopher, even of the lowest rank, much more to qualifie one to sit at the Head of so great and 
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learned a Body.  We all of us remember that Saying so frequently in his Mouth, That Natural History 

might indeed furnish Materials for Natural Philosophy; but, however, Natural History was not Natural Philosophy; 

and it was easy for all his Friends to see, with what intent he so often us’d this remarkable 

Expression.  We know his Love to the Royal Society, and his Fears for it.  It was not that he despis’d 

so useful a Branch of Learning as Natural History; he was too wise to do so: But still he judg’d that 

this humble Handmaid to Philosophy, tho’ she might be well employ’d in amassing Implements and 

Materials for the Service of her Mistress, yet must very much forget her self, and the Meanness of 

her Station, if ever she should presume to claim the Throne, and arrogate to her self the Title of the 

Queen of Sciences (Jurin, 1727: A2-A3).19 

Anstey has pointed out that, in the eighteenth century, while the methodology adopted 

was an analogue of Newton’s, Francis Bacon was still applauded by many as the Father 

of experimental philosophy (Anstey, 2014a). 

1.3 Newton’s Early Experimental Philosophy 

Newton was certainly aware of the Baconian form of experimental philosophy from at 

least the mid-1660s.  Among his early papers,20 there is ample evidence that he was 

familiar with, and interested in, the work of the Royal Society.  For example, we find 

Newton’s detailed notes on Thomas Sprat’s History of the Royal Society,21 and in a large 

section titled ‘Out of Philosophicall Transactions’22 he summarised the first twenty-four 

issues of the Philosophical Transactions.  Newton’s notes, for example “Boyls directions for 

ye general History of a country”,23 “Mr Boyls inquirys concerning ye sea”,24 “Mr Boyls 

copious inquiries about Mines”,25 and “Inquirys for Turky”,26 indicate that Newton read 

articles that promoted and demonstrated the Baconian method.  Newton also took notes 

                                                 

19 Quoted by Anstey in (Anstey, 2014a). 

20 MS. Add. 3958. 

21 MS. Add. 3958, fols 5r-7r. 

22 MS. Add. 3958, fols 9r-15r. 

23 MS. Add. 3958, fol 11r. 

24 MS. Add. 3958, fol 13r. 

25 MS. Add. 3958, fol 13v. 

26 MS. Add. 3958, fol 14r. 
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from Hooke’s Micrographia.27  The list of queries he suggested at the end of those notes 

indicate that he engaged with the concepts and took the methodology seriously.  For 

example, he wrote: 

Quaere 1 May there not bee made a globe gradually denser towards ye center so as to refract all ye 

rays to one point which come // or from another.  this would perfect dioptricks.  2 may not ye new 

appearance of starrs bee deduced hence 3 & ye height of ye Atmosphaere. 

In his Trinity notebook,28 Newton’s Questiones quædam philosophicæ (‘Certain Philosophical 

Questions’) show evidence of his Baconian approach to investigating nature.29  For 

example, under the heading ‘Of reflection, undulation, and refraction’, Newton wrote: 

Why refraction is less in hot water than in cold?  If a piece of silver be boiled (that is, be first 

brushed and then decocted with salt and tartar and perhaps other ingredients), it will look very 

white, but burnish it with a piece of steel and it will be a perfect speculum. 

Whether the backside of a clear glass reflects light in a vacuum.  Since there is refraction in vacuo as 

in the air, it follows that the same subtle matter in the air and in vacuo causes refraction.  Try 

whether glass has the same refraction in Mr. Boyle’s receiver, the air being drawn out, which it has 

in the open air. 

How long a pendulum will undulate in Mr. Boyle’s receiver?  (McGuire & Tamny, 1983: 371) 

Under the title ‘Of water and salt’, Newton listed the following queries: 

Why is water clearer than vapours? 

Whether burning waters and hot spirits be of small spherical or oval figured parts, and have many 

such globuli as fire is of.  They are of such parts (1) because such are most easily separated in 

distillations, (2) because they are most easily agitated and so heat and enliven men, and (3) they 

must have many small and solid atoms in them because they are so easily fired. 

Why does hot water first contract itself (viz., in cooling), and then dilate itself before and as it 

freezes? 

                                                 

27 MS. Add. 3958, fols 1r-4v. 

28 MS. Add. 3996, published as (McGuire & Tamny, 1983). 

29 Newton’s Questiones contains a series of entries in Newton’s handwriting, written over an extended 

period in the early 1660s, although mostly in 1664-1665.  They discuss a range of scientific and 

philosophical topics.  The Questiones give us important insight into Newton’s early philosophical interests, 

his critical reflections of various issues in philosophy, and the foundations of his thoughts on various 

topics. 
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Why does salt and snow freeze other water?  Why is heated water sooner frozen than raw water?  

(McGuire & Tamny, 1983: 375) 

In his Questiones, we can also see that Newton was actively engaging with the 

experimental aspects of this methodology, by thinking up various experiments to be 

conducted.  For example, in ‘Of colours’, he wrote: 

Try if two prisms, the one casting blue upon the other’s red, do not make a white (McGuire & 

Tamny, 1983: 431). 

‘Of colours’ also contains a series of observations, for example: 

9. If I press my eye on the left side (when I look toward my right side) as at a, then I see a red circle 

as at c, but within the red is blue...  But if I put my finger at e or s [close to, or directly on, the lens of 

the eye respectively] the apparition wholly vanishes... (McGuire & Tamny, 1983: 439) 

And in ‘Gravity and levity’, he suggested the following experiments: 

Try whether the weight of a body may be altered by heat or cold, dilation or condensation, beating, 

powdering, transferring to several places or several heights, or placing a hot or heavy body over it 

or under it, or by magnetism.  Whether lead or its dust spread abroad is heaviest.  Whether the rays 

of gravity may be stopped by reflecting or refracting them.  If so a perpetual motion may be made 

in one of these two ways (McGuire & Tamny, 1983: 431). 

And in ‘Of comets’, he reported the following observations: 

On December 9, 1664 (Old Style), at 4 in the morning the latitude southward of the comet was 20°, 

its longitude 182°.  The length of its tail was 20°. 

Before midnight on Friday, December 23, 1664, I observed a comet whose rays were round her, yet 

her tail extended itself a little toward the east and parallel to the ecliptic... 

On December 24, it appeared as on the day before, being 28°24' distant from Rigel and 24°12' from 

Albebaran […] (McGuire & Tamny, 1983: 413-415) 

As we shall see in later chapters, Newton’s talent as an experimenter can be seen in the 

experiments and observations that are an enduring theme of Newton’s work.30  

Eventually, Newton would belong in the “first rank of experimentalists” (Cohen & 

Smith, 2002: 18). 

                                                 

30 One contribution of this thesis is to demonstrate the similarities between experimental approaches 

of the Principia and the Opticks. 
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Aspects of Newton’s Baconianism can be seen in Newton’s letter to Francis Aston 

(18 May 1669).  Anstey has noted that this letter bears the marks of a Baconian approach 

to travelling overseas (Anstey, 2004: 251-252).  In this letter, Newton advised Aston to 

“let your discours bee more in Quærys & doubtings yn peremptory assertions or 

disputings, it being ye designe of Travellers to learne not teach” (Newton, 1959-1977: 

Vol. 1, 9).  After this general advice, Newton said, “To these I may ad some general 

heads for inquirys or observations such as at present I can think on” (Newton, 1959-

1977: Vol. 1, 10), and proceeded to list them.  In his editorial comments in The 

Correspondence of Isaac Newton, H. W. Turnbull notes that passages such as this bear a 

striking resemblance to Robert Southwell’s ‘Concerning Travelling’, an abridgement of 

which survives among Newton’s papers, but in an unknown hand (Newton, 1959-1977: 

Vol. 1, 12, n. 1).  Southwell wrote: 

Shun all disputes… mould your arguments rather into queries than peremptory assertions, professing it 

more the business of a Traveller to learn than to teach (Newton, 1959-1977: Vol. 1, 12, n. 1 – quoted 

from Keynes MS. 152). 

Anstey has argued that, while there are similarities between these two letters, it is 

unlikely that Southwell’s letter was the only inspiration for Newton’s.  For, unlike 

Newton’s letter, Southwell’s “does not bear a distinctively Baconian stamp” (Anstey, 

2004: 252).  In fact, Anstey argues, Newton’s letter was probably inspired, more 

generally, by his reading of the Philosophical Transactions and other works published by the 

Royal Society.  In particular, he notes that Newton’s letter resembles Boyle’s ‘General 

heads for the natural history of a Countrey’, which we know Newton read.  Newton’s 

heads for inquiry include: 

1 to observe ye policys wealth & state affaires of nations so far as a solitary Traveller may 

conveniently doe.  2 Their impositions upon all sorts of People Trades or commoditiys yt are 

remarkeable.  3 Their Laws & Customes how far they differ from ours...  (Newton, 1959-1977: Vol. 

1, 10) 

Similarly, Boyle’s heads include: 

1 Inquiries about Traditions concerning all particular things, relating to that Country, as either peculiar 

to it, or at least, uncommon elsewhere (Boyle, 1666: 189). 

Finally, the letter is consistent with the methodological directions frequently given by 

Oldenburg to his readers and demonstrated in the various lists of queries published in 
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the Philosophical Transactions.  So this letter supports Anstey’s general conclusion that 

“Newton was very familiar with some of the central elements of the Baconian method as 

practised by members of the early Royal Society” (Anstey, 2004: 252). 

From all this evidence, we have good reason to suppose that Newton was familiar 

with, and sympathetic to, the Baconian method of natural history by the time he wrote 

his first optical paper in 1672.  His experimental focus and use of queries suggest that he 

approved of some key aspects of this methodology.31  In his early optical work, Newton 

employed another feature of the Baconian method: he decried hypotheses.  We shall see 

that this was an important theme in Newton’s methodology, however, giving precise 

expression to Newton’s attitude to hypotheses has proved difficult for commentators.32 

In his later life, Newton was openly hostile towards natural histories (as we saw in 

the above quote from Jurin).  However, we have seen that he appeared explicitly to 

condone the construction of natural histories in his letter to Aston.  Moreover, in 

chapters 2 and 3, we shall see that Newton’s optical work displays many of the features 

of a Baconian natural history.33  Thus, many aspects of Newton’s early work indicate that 

experimental philosophy, as adopted by the Royal Society, was a prominent theme in 

Newton’s work.  In the next section, we shall see that Newton’s experimental method 

had a mathematical aspect that made it crucially different to the Baconian experimental 

philosophy.34 

1.4 Newton’s Mathematico-Experimental Method 

So far we have seen that there is strong textual evidence that the ESD was operative in 

Newton’s early natural philosophical work.  We have good reason to suppose that 

                                                 

31 Thus, I take it that Richard Westfall is mistaken in saying that “In 1664, such a method of inquiry 

had been little used.  Newton’s example was to be a powerful factor in helping experimental procedure 

convert natural philosophy into natural science” (Westfall, 1980: 93).  He has overlooked the Baconian 

foundations of Newton’s method of queries. 

32 One contribution of this thesis is to give an account of Newton’s ‘method of hypotheses’, in which 

Newton’s attitude towards hypotheses remains much more consistent than has usually been thought. 

33 I owe this important insight to Dana Jalobeanu’s forthcoming chapter (Jalobeanu, 2014). 

34 This mathematical element also distinguishes Newton’s natural philosophy from his chymistry, 

which involved experiment but was not mathematical (e.g. Dobbs, 1991, Newman, 2002). 
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Newton regarded his natural philosophical pursuits as experimental philosophy.  This 

becomes clearer in Newton’s later work.  For instance, in the General Scholium to the 

Principia (1713), Newton explicitly described his work as ‘experimental philosophy’.35  We 

also have good reason to suppose that, in important ways, he saw his work as aligned 

with the Royal Society and, by extension, with the Baconian movement.  But Newton 

was, first and foremost, a mathematician.  Indeed, he was the second Lucasian Professor 

of mathematics at Cambridge from 1669 to 1701.36  And like his predecessor, the first 

Lucasian Professor Isaac Barrow, Newton saw a role for mathematical reasoning in 

experimental philosophy.  As we shall see, it was this mathematical approach that led to 

his divergence from the Baconian experimental philosophy.37 

Newton first indicated that he had a mathematico-experimental method in his 

optical lectures in 1670.38  He argued that natural philosophy would be more successful if 

we combined the insights of experimental philosophy and geometry, by using 

experimental techniques to rigorously investigate nature, and mathematical techniques to 

reason to sound conclusions.  In this way, we would achieve an exact science (“accurata 

scientia” (Newton, 1984: 86/438)), namely, a science that yields perfectly accurate 

knowledge of the world.  He wrote: 

                                                 

35 In his ‘Editor’s Preface to the Second Edition’, Roger Cotes similarly presented Newton’s Principia 

as experimental philosophy.  For example, he wrote: 

Therefore honest and fair judges will approve the best method of natural philosophy, which is based on experiments and 

observations.  It need scarcely be said that this way of philosophizing has been illumined and dignified by our illustrious 

author’s well-known book […] (Newton, 1999: 398). 

36 It is well known that Newton was a talented mathematician.  It was his ability to solve mathematical 

problems that first caught the attention of scholars outside Cambridge.  That he invented calculus is well 

known, but he developed a lot of other mathematical techniques as well (Guicciardini, 2011: 9).  It is not 

the purpose of this thesis to discuss Newton’s achievements in pure mathematics.  So I shall not 

enumerate all of his achievements here.  Rather, I am interested in the mathematical aspects of Newton’s 

natural philosophy. 

37 Over the next few chapters, I shall develop an account of Newton’s mathematico-experimental 

method.  Here, my purpose is to provide a brief sketch of the methodology. 

38 Newton delivered these lectures to fulfill his obligations as the Lucasian Professor of Mathematics.  

Like his predecessor, Isaac Barrow, Newton decided to lecture on optics.  These optical lectures are 

significant firstly because they contain the earliest account of Newton’s theory of colours, and secondly 

because they contain a lengthy methodological passage, which I shall discuss below. 
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Thus although colours may belong to physics, the science of them must nevertheless be considered 

mathematical, insofar as they are treated by mathematical reasoning.  Indeed, since an exact science 

of them seems to be one of the most difficult that philosophy is in need of, I hope to show – as it 

were, by my example – how valuable mathematics is in natural philosophy.  I therefore urge 

geometers to investigate nature more rigorously, and those devoted to natural science to learn 

geometry first.  Hence the former shall not entirely spend their time in speculations of no value to 

human life, nor shall the latter, while working assiduously with an absurd method, fail to reach their 

goal.  But truly with the help of philosophical geometers and geometrical philosophers, instead of 

the conjectures and probabilities that are being blazoned about everywhere, we shall finally achieve 

a natural science supported by the greatest evidence (Newton, 1984: 87-89/439). 

In this passage, Newton contrasted the product of his mathematico-experimental 

method, “a natural science supported by the greatest evidence”, with the “conjectures 

and probabilities” produced by less rigorous investigation and a lack of mathematical 

reasoning.  There appear to be two targets: the Cartesians and the Baconians.  The 

Cartesians, in working on geometry, neglect the empirical world and produce only 

“speculations of no value to human life”.  In contrast, the Baconians, in “working 

assiduously with an absurd method”, reach only probabilities rather than certainties.  

Finally, Newton’s promise, that “we shall finally achieve a natural science supported by 

the greatest evidence”, shows us that what he had in mind was a science of optics, grounded 

in experiment and observation, and inferred via mathematical reasoning. 

Less than two years later, when he wrote the paper that launched his public career as 

a natural philosopher, he echoed his earlier claims: 

A naturalist would scearce expect to see ye science of [colours] become mathematicall, & yet I dare 

affirm that there is as much certainty in it as in any other part of Opticks.  For what I shall tell 

concerning them is not an hypothesis but most rigid consequence, not conjectured by barely 

inferring ’tis thus because not otherwise or because it satisfies all Phænomena (the Philosophers 

universall Topick,) but evinced by ye mediation of experiments concluding directly & without any 

suspicion of doubt (Newton, 1959-1977: Vol. 1, 96-97).39 

Again, Newton was not very explicit.  He hinted at a mathematico-experimental method, 

which he was employing in his work on colours.  He emphasised that this science is 

experimental as well as mathematical: his conclusions were inferred mathematically, but 

they were grounded firmly in experiment.  And he asserted that this ‘science of colours’ 

                                                 

39 I shall discuss this passage in more detail in chapter 2. 
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could yield as much certainty as any other part of optics.  Again, Newton was distancing 

his own work from the speculations and probabilities of his contemporaries.  Later on in 

this paper, he asserted that his doctrine was certainly true. 

So far, I have made the case for a Baconian influence on Newton’s natural 

philosophical method.  But here we can see a clear break with the Baconian preference 

for probability over certainty.  The most likely source of influence for Newton’s 

mathematical natural philosophy is Barrow.  Newton had probably encountered 

mathematical explanations in natural philosophy previously, when he read Descartes’ 

Opera philosophica during the first half of 1664 (McGuire & Tamny, 1983: 127).40  But, as 

we shall see, his methodology bears closer resemblance to Isaac Barrow’s.  Newton 

probably first learned of Barrow’s mathematical method between 1664 and 1666 when 

he attended Barrow’s professorial lectures on the foundations of mathematics.41  

Ultimately, however, Newton’s mathematico-experimental methodology went well 

beyond what Barrow had envisaged. 

Barrow’s first step was essentially to dismantle the distinction between ‘pure 

mathematics’ (i.e. arithmetic and geometry) and ‘mixed mathematics’ (i.e. astronomy, 

optics, harmonics, etc.), and thus, argue for a mathematical-physics that could yield the 

certainty that was possible of pure mathematics.  Firstly, Barrow argued that the 

distinction between intelligible and sensible things was a false dichotomy (Mahoney, 

1990).  Traditionally, pure mathematics was said to deal with mathematics as it applied to 

intelligible things, that is, those things that can be apprehended by the intellect or 

imagination.  In contrast, mixed mathematics was concerned with the application of 

mathematics to natural phenomena.  So it was said to deal with mathematics as it applied 

to sensible things, that is, those things that can be apprehended by the senses.  Barrow 

argued against this traditional view.  He insisted that mathematical objects are accessible 

to the intellect or imagination (and hence, intelligible) only by virtue of their instantiation 

in sensible objects: 

                                                 

40 Alan Shaprio has noted that, while there had been earlier (sixteenth-century) attempts to ‘harness 

mathematical certainty for physical descriptions’ – for example, the efforts of Galileo – early-Newton was 

hardly aware of these (Shapiro, 1993: 30). 

41 Typically, Barrow’s lectures were not very well attended, but Newton almost certainly attended 

them (Westfall, 1980: 99).  This is probably where he was first exposed to Barrow’s ideas. 
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[…] one sensible Observation alone may sufficiently attest that every Magnitude treated of by 

Mathematicians is capable of a real Existence […] (Barrow, 1734: 75-76) 

And so he denied that mathematics was about intelligible, as opposed to sensible, things 

(Dunlop, 2012: 77). 

Secondly, Barrow argued that there was no sharp division between pure and mixed 

mathematics.  He argued that mathematical objects (e.g. lines and circles) are only 

mathematical to the extent that they concern quantity.  Similarly, science is concerned 

with quantities (i.e. the measurement of things), rather than the essential natures of things 

(Gascoigne, 1990: 269).  So, insofar as all the sciences involve some aspect of quantity, 

pure and mixed mathematics were simply different ends of the same spectrum.  Barrow 

conceived of each natural science belonging properly to some corresponding branch of 

mathematics. 

Barrow’s next step was to argue that, by combining experimental data with 

mathematics, we can achieve a proper science of nature; a mathematical-physics.  Firstly, 

he argued that geometry possesses ‘deductive purity’.  He expressed the point in the 

following way: 

And what Necessity can be thought stronger, than that which Mathematical Axioms pretend to, 

whose Truth is eternal and unchangeable? (Barrow, 1734: 80) 

Thus, in geometry, one can reason from axioms to theorems without epistemic loss.  

Secondly, Barrow argued that geometry, as a model of reasoning, can capture causal 

relationships.  He wrote: “it seems plain that Mathematical Demonstrations are eminently 

Causal” (Barrow, 1734: 83).42  Thus, Barrow thought that mathematics could qualify as a 

science by traditional (i.e. Aristotelian) standards.43  Thirdly, Barrow thought that nature 

has an intrinsically mathematical structure.  (This followed from his claims about 

intelligible things.)  So he thought that mathematical inference was an appropriate model 

                                                 

42 For a discussion of Barrow’s arguments for the causal nature of mathematical arguments, see 

(Mancosu, 1996). 

43 From the Posterior Analytics, we get two criteria for something to count as a scientific explanation.  

(1) The axioms or principles must be more general than the conclusions inferred from them.  (2) The order 

of the inference must capture the order of nature.  Thus, whatever is deductively prior must be the cause.  

For a discussion of Barrow’s notion of formal causality, and the extent to which it met these standards, see 

(Dunlop, 2012: 72). 
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for scientific inference.  Finally, Barrow argued that geometry could convey certainty to 

natural philosophical explanations.  By co-opting the method of mathematical inference, 

a science like geometrical optics could approach the certainty of geometry. 

On Barrow’s account, the only barrier to achieving mathematical, or absolute, 

certainty in natural philosophy was the first principles: 

For the whole Force of any Demonstrative Ratiocination is resolved into the Certitude and Evidence of 

the first Principles: All the truth, the validity, and Evidence of every science adheres to these 

inseparable Roots, and depends upon these unshaken Foundations (Barrow, 1734: 102). 

On this view, since it is possible to reason from principles to propositions without 

epistemic loss, then, if the first principles are certain, then the propositions will be certain 

too.  Barrow thought that, provided it was sufficiently clear and undeniable, a single 

experiment could suffice to establish a true first principle: 

[…] since only one Experiment will suffice (provided it be sufficiently clear and indubitable) to 

establish a true Hypothesis, to form a true Definition; and consequently to constitute true 

Principles.  I own the Perfection of Sense is in some Measure required to establish the Truth of 

Hypotheses, but the Universality or Frequency of Observation is not so (Barrow, 1734: 116). 

It has been difficult to establish a direct causal link between Barrow’s ideas and 

Newton’s.  Mordechai Feingold has noted that, in the calculus dispute between Newton 

and Leibniz: 

One of the tacks taken by both sides was to accuse and castigate the other as a beneficiary of 

Barrow’s discoveries.  To deny even the least shadow of this charge, both protagonists refused even 

to allude to Barrow in any context – let alone acknowledge the slightest debt (Feingold, 1990: ix-x). 

Nevertheless, we know that Barrow and Newton were in close contact.  Barrow was 

apparently very impressed by Newton, and did what he could to help further Newton’s 

career (Shapiro, 1990: 112).  Moreover, the work of commentators such as Katherine 

Dunlop (Dunlop, 2012), Niccolò Guicciardini (Guicciardini, 2011) and Alan Shapiro 

(Shapiro, 1993) has helped to establish the similarities in their ideas. 

So we can see that Newton’s mathematico-experimental method resembles Barrow’s 

in certain important ways.  Firstly, like Barrow (and indeed almost everyone!), Newton 

thought that mathematics is a bearer of certainty: one can reason from certain axioms to 

theorems without loss of certainty.  And like Barrow, he thought that it was also possible 

to reason mathematically from laws and principles to propositions, without loss of 
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certainty.  Moreover, he thought it was possible to establish a certain principle via a 

single experiment.  We shall see that Newton conceived of his mathematical theory of 

colour and his experimental theory of colour as two aspects of one demonstrative 

science – the experimental discoveries served as the first principles of the science.  In his 

first paper, a single experiment, the experimentum crucis, is sufficient to establish the ‘true 

cause’ of white light.  Since Newton thought that it was possible to establish certain 

principles and laws, he thought it was possible to establish certain propositions.  And 

finally, like Barrow, Newton thought that propositions obtained via mathematical 

reasoning could be explanatory (i.e. causal explanations).44 

Newton’s claims, that his aim is certainty and that he has achieved it, are surprising.  

At a time when many members of the Royal Society were trying to be epistemically 

responsible – never making strong claims when they only had warrant for moderate ones 

– Newton was making strong claims (apparently) without any warrant.  So Newton took 

a position that set him apart from the early members of the Royal Society.  They held 

that certainty is out of our reach, so the best we can hope to achieve is a high degree of 

probability.  Newton, in contrast, argued that his theories were certainly true.  So, unlike 

those who followed the Baconian method of natural history, Newton thought it was 

possible to achieve certainty in natural philosophy.  As we saw in that first quote, he 

distanced himself from the probabilism of the Baconian experimental philosophers, 

while at the same time carefully aligning himself more generally with the experimental 

movement. 

1.5 Newton’s Epistemic Triad 

In this section, I introduce the central framework of this thesis: Newton’s epistemic triad 

(see figure 1.1 below).  I argue that Newton was making a distinction between theories, 

which are certain and inferred from experiment,45 hypotheses, which are uncertain and 

                                                 

44 Katherine Dunlop has pursued this last line of thought in (Dunlop, 2012), focusing on Newton’s 

Preface to the first edition of the Principia. 

45 In the ‘General Scholium’ to the Principia, Newton used the phrase “deduced from the phenomena 

and made general by induction” (Newton, 1999: 943).  However, he didn’t always use the terms ‘deduction’ 

and ‘induction’ in their modern technical senses (Shapiro, 2004: 211-215).  Therefore, when speaking 

generally, I have chosen to use the less technical ‘inferred’.  I shall clarify what form of inference Newton 
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speculative, and queries, which are not certain, but provide the proper means to establish 

experimentally the certainty of theories. 

 

Figure 1.1 Newton’s Epistemic Triad 

A well-known feature of Newton’s methodology is his distinction between certainty 

and uncertainty.  In the two passages on Newton’s mathematico-experimental method 

quoted in section 1.4, Newton contrasted the certainty of his own natural philosophical 

claims with the mere hypotheses, speculations and probabilities of which other methods 

were capable.  As we shall see in more detail throughout this thesis, Newton regularly 

railed against hypotheses – concerned to preserve the certainty of his propositions, and 

to avoid epistemic loss by keeping speculative conjectures separate.  We shall see that 

hypotheses and queries played important roles in these negotiations between certainty 

and speculation. 

This epistemic framework connects up the concepts of experiment, mathematics and 

certainty, with the use of hypotheses and queries as methodological tools.  Thus, the 

epistemic triad drives Newton’s scientific investigations towards certainty.  It aims to 

yield determinate natural philosophical claims.  Hypotheses and queries perform auxiliary 

functions in the trajectory towards theories that are certainly true (figure 1.2). 

                                                 

used as it becomes relevant.  For accounts of Newton’s use of these terms, see for example (Davies, 2003, 

Ducheyne, 2005, Fox, 1999, Worrall, 2000). 
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Figure 1.2 Newton’s Epistemic Triad as a Methodological System 

As we saw in section 1.2, the terms ‘theory’, ‘hypothesis’ and ‘query’ did not originate 

with Newton, but were used by early members of the Royal Society.  In the following 

chapters, we shall see that Newton did not use these terms in precisely the same way as 

the other members of the early Royal Society.  Rather, he took these, already familiar, 

terms and massaged them to fit his own three-way epistemic distinction.  I emphasise, 

therefore, that the triad is a three-way epistemic division, rather than the juxtaposition of 

three terms of reference.  The terms ‘theory’, ‘hypothesis’ and ‘query’ are simply labels 

for these epistemic categories.  We shall also see that propositions from each of these 

epistemic categories performed a distinct methodological role.  Recognising that 

hypotheses performed a different methodological function to queries will help us to 

make sense, for example, of Newton’s use of queries in the Opticks and his use of 

hypotheses in the Principia. 

This epistemic triad provides the framework for Newton’s methodology.  For 

example, Newton’s discussion of the contrasting methods of analysis and synthesis (e.g. 

in Query 31 (Newton, 1952: 404) of the Opticks) described the relationship between 

experiment, theory and certainty.  The quasi-mathematical style he described, for 

example, in the first paragraph of De gravitatione (Newton, 2004: 12), similarly spells out 

the relationship between experiment, theory and certainty.  And in his ‘Account of the 

Book’ (Newton, 2004: 125), Newton’s attack on Leibniz described the relationship 

between hypotheses and theories. 

One might object to this proposed epistemic framework on the grounds that we 

should not assume that Newton’s methodological views remained constant throughout 

his working life.  I. Bernard Cohen suggests this objection: 
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But such a supposed constancy of Newton’s views will surely appear astonishing to anyone who is 

acquainted with the development of thought in so long a span (some 40 years) in the creative life of 

a reflecting scientist like Newton! (Cohen, 1969: 304) 

In order to avoid such objections, I clarify my position by pointing out that I do not 

assume that Newton’s methodological views around 1672 are identical with his views 

around 1726.  I do not even assume that the views Newton expresses in his Opticks are 

identical to the views he expresses in his Principia!  In fact, with respect to Newton’s 

epistemic triad, I shall defend three theses: 

Endurance thesis. There are some general features of Newton’s methodology that do 

not change.  These are characterised by the framework of the 

epistemic triad. 

Developmental thesis. There are some particular features of Newton’s methodology that 

change over time.  These can be characterised as a development 

(and/or fine-tuning) of the epistemic triad. 

Contextual thesis. There are some particular features of Newton’s methodology that 

vary with respect to context (i.e. the topic of inquiry).  These can be 

characterised as an adaptation of the epistemic triad to particular 

contexts. 

My primary aim is to develop and support these three theses. 

This approach is supported by Shapiro’s claim that “although [Newton’s] views 

matured since his inaugural Optical Lectures, his attitude toward hypotheses did not 

fundamentally change” (Shapiro, 1993: 17).  I can develop Shapiro’s claim by identifying 

the fundamental things that did not change, while also identifying those things that did 

change.  Moreover, since I recognise that some variation is contextual, I do not simply 

assume that all variation is developmental.  This approach enables me to identify the 

similarities between Newton’s work in mechanics and his optical work, as well as the 

differences.  I believe my approach has the advantage of making these notions more 

precise. 

The purpose of this section is merely to provide a rough sketch of the epistemic 

triad and to introduce the three theses that I shall develop and defend.  Over the course 

of the following chapters, I shall develop the account. 
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1.6 Newton as Experimental Philosopher 

In this chapter, I have sketched the main features of Newton’s natural philosophical 

methodology.  A talented mathematician and experimenter, sometimes commentators 

have found it difficult to characterise Newton’s methodology in general terms.  I have 

argued that, if we look at Newton from within the framework of the ESD, he can be 

neatly and easily identified as an experimental philosopher.  His use of queries, his 

cautious approach to hypotheses, and his many methodological statements decrying the 

construction of metaphysical systems suggest that this is a label that Newton would have 

been comfortable with.  However, there is an important caveat to note: while Newton 

was clearly influenced by the Baconian experimental tradition, he did not consider himself a 

Baconian experimental philosopher. 

We have seen that, in the earliest statements of his mathematico-experimental 

approach (i.e. Newton, 1959-1977: Vol. 1, 96-97, Newton, 1984: 87-89/439), Newton set 

up his position in opposition to the Baconian experimental philosophers.  In these 

passages, one feature of Newton’s methodology stands out in explicit rejection of the 

Baconian method: his claims to certainty.  This feature, in itself, is not very significant – 

many experimental philosophers believed that, in the end, natural philosophy would be a 

form of scientia, i.e. a system of knowledge demonstrated from certain axioms.  Indeed, 

Bacon shared this ideal of certainty.  He thought that his method of induction could get 

around the problems usually associated with ampliative inference and deliver knowledge 

of the essences of things.  Thus, Bacon’s method of natural history was ultimately 

supposed to provide the certain axioms on which scientia could be founded.  The 

challenge, which everyone agreed on, was to discover the axioms on which the system would 

be built.  Newton and the Baconians seem to diverge on their responses to this challenge.  

Baconian experimental philosophers recommended that one should have all the facts 

before formulating generalisations or theories.  In contrast, Newton thought that a few, 

or even just one, well-constructed experiment might be enough – provided you used it in 

the right way.  This shows that Newton took a different view of the role of evidence in 

natural philosophy.  This divergence amounts to three key differences between Newton 

and the Baconian experimental philosophers: 

1) Where the Baconian experimental philosophers advocated a two-stage model, in 

which construction of natural histories preceded theory construction, Newton 
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appeared to reject this two-stage approach.  We shall see that Newton 

commenced theory-building before his knowledge of the facts was complete. 

2) Related to (1), the Baconian experimental philosophers conceived of phenomena 

as immediate facts, acquired via observation, and hence pre-theoretic.  In 

contrast, we shall see that Newton’s phenomena were generalised regularities, 

acquired via mediation between observation and theory. 

3) For the Baconian experimental philosophers, queries were used to give direction 

and define the scope of the inquiry.  We shall see, however, that Newton’s 

queries were more focussed on individual experiments. 

These features of Newton’s methodology will become clearer over the next few chapters. 

Newton’s approach to experimental philosophy suggests the influence of Isaac 

Barrow.  Barrow thought that geometrical reasoning could yield certainty, and that it 

could transfer its certainty to natural philosophy.  Newton adopted these ideas with 

gusto, along with Barrow’s general causal outlook.  To be sure, there were numerous 

influences on Newton.  I have identified several strong, particular influences, but there 

were many others: from Newton’s early reading of Aristotelian textbooks, to his later 

interest in Pappus, and the many contemporary works of logic and natural philosophy.  

Sometimes Newton explicitly acknowledged these influences.  Consider, for instance, 

Newton’s famous passage “If I have seen further it is by standing on ye sholders of 

Giants” (Newton, 1959-1977: Vol. 1, 416).46  Here, Newton explicitly acknowledged his 

debt to Descartes.  And in the Principia, Newton explicitly made use of the arguments, 

results and observational data of other philosophers.  This image of Newton contrasts 

sharply with Westfall’s image of young-Newton as the ‘solitary scholar’ (Westfall, 1980).  

Despite these influences, or perhaps because of them, the methodology ultimately 

developed and exemplified by Newton was utterly original. 

I argue that Newton’s methodology is best characterised by an epistemic triad, in 

which hypotheses and queries provide crucial support to theories.  In the chapters that 

follow, I shall develop an account of how hypotheses and queries drive his natural 

philosophy in the trajectory from experiment towards certainty.  I shall proceed as 

follows: 

                                                 

46 From a letter from Newton to Robert Hooke (5 February 1676). 
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In chapter 2, I examine Newton’s methodology as he presented it in his early optical 

work (early 1670s).  I focus on letters and papers relating to this early work, in order to 

glean a coherent methodology.  I discuss several notable aspects of this early 

methodology: the tension between experiment, mathematics and certainty; Newton’s 

method of hypotheses; and his use of queries in guiding the optical debate to an 

empirical conclusion.  I argue that we can make sense of these methodological features 

once we apply the framework of the epistemic triad.  Thus, through Newton’s early 

optical work, and his responses to his critics, we glean the first expression of Newton’s 

epistemic triad. 

In chapter 3, I continue my discussion of Newton’s optical work by considering 

Newton’s Opticks.  I consider the nature of the empirical evidence employed in the 

Opticks, arguing that Newton was making a distinction between experiment and 

observation which turned on the function performed by the evidential statements, rather 

than on their content.  Then, I consider Newton’s use of speculative conjectures in the 

Opticks.  Commentators have often described the queries of the Opticks, especially the 

later ones, as hypotheses-in-disguise.  I argue that, in the Opticks, hypotheses and queries 

perform distinct methodological roles.  I conclude by offering an account of the 

epistemic triad as it appears to operate in the Opticks. 

In chapter 4, I consider Newton’s Principia.  I give an account of Newton’s use of 

hypotheses in the Principia, arguing that Newton’s use of hypotheses in the Principia bears 

closer resemblance to the method of hypotheses we see in his optical work, than has 

traditionally been recognised.  Then I attempt to reconcile Newton’s notion of 

‘phenomenon’ with his description of the Principia as a work of experimental philosophy, 

giving an account of the phenomena as explananda without being appearances.  I then 

consider Newton’s epistemic aims and achievements in the Principia, giving an account of 

Newton’s laws of motion and his aim of certainty.  I conclude by giving an account of 

the epistemic triad as it appears to operate in the Principia. 

In chapter 5, I draw my conclusions.  Drawing together the strands of Newton’s 

methodology over the forty-odd years of his active scientific life, I defend the three 

theses outlined in section 1.5.
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2 Newton’s Early Optical Work 

 

In this chapter, I discuss Newton’s methodology as he presented it in his early optical 

work, from February 1672 to December 1675.47  Newton’s first optical paper (6 February 

1672) was controversial: he argued for a new theory when no one else thought the old 

one was inadequate (Bechler, 1974: 116), and he argued that his new theory was certainly 

true!  A debate followed, in which Newton defended his claims against the objections of 

Robert Hooke, Christiaan Huygens, and Ignace-Gaston Pardies.  In replying to these 

optical heavyweights,48 Newton clarified his unique methodology.  The sequence of 

papers concerning Newton’s new theory of light and colours, which constitutes the 

debate, contains a fairly complete account of Newton’s early methodology. 

The first section of this chapter, section 2.1, is mostly expository.  I introduce 

Newton’s first optical paper, outlining the structure, content and key methodological 

features.  Then I give a brief account of the optical debate, drawing out the key 

methodological disagreements.  The remainder of the chapter is concerned with giving 

an account of Newton’s early methodology.  Section 2.2 addresses three related aspects 

of Newton’s methodology: experiment, mathematics and certainty.  Section 2.3 addresses 

Newton’s method of hypotheses.  Section 2.4 addresses Newton’s use of queries.  

Finally, in section 2.5, I argue that the methodology gleaned from Newton’s early optical 

work can be characterised as an epistemic triad. 

2.1 Newton’s First Optical Paper 

Newton wrote his first optical paper on 6 February 1672 (Newton, 1959-1977: Vol. 1, 

92-107).  It was read at the meeting of the Royal Society on 8 February 1672 (Birch, 

1757: 9) and published in the Philosophical Transactions shortly afterwards (Newton, 1672a).  

                                                 

47 This timeframe covers Newton’s correspondence on optics from his ‘New Theory’ (6 February 1672) 

to his ‘An Hypothesis explaining the Properties of Light’ and ‘Discourse on Observations’ (7 December 1675). 

48 Hooke, Huygens and Pardies were all wave theorists of some sort, and each would write a book on 

optics: Hooke wrote Micrographia (1665); Huygens wrote Traité de la lumière (1690); and Pardies wrote Traité 

complet d’Optique.  Pardies’ treatise was never published and the manuscript itself has been lost.  However, 

Father Pierre Ango studied it and adopted some of its ideas in his L’Optique (1682), and it is mentioned in 

Huygens’ treatise. 
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Its publication sparked some lively debate on the properties and nature of light, and on 

the appropriate methods for optical inquiry.  In this section, I introduce Newton’s early 

optical work.  I begin by outlining Newton’s philosophical claims regarding the 

composition of white light.  Then I address his methodological claims, giving a Baconian 

interpretation of this paper.  Then I address Newton’s corpuscular hypothesis.  Finally, I 

briefly outline the optical debate, drawing out the key methodological disagreements 

between Newton and his critics. 

2.1.1 Newton’s new theory of light and colours 

In this paper, Newton’s main philosophical claim concerns the composition of white 

light.  The paper consists of two parts.  The first appears to be a historical account of the 

inquiries that led to Newton’s ‘experimentum crucis’.  The second is much more formal and 

states Newton’s ‘doctrine of colours’ in thirteen propositions.  Between the two parts is a 

discussion of the implications of the experimental results for telescopes. 

The style of the paper is quite anecdotal.49  It begins by describing the experiments 

Newton performed in 1666, in which he used glass prisms to examine “the celebrated 

Phænomena of Colours” (Newton, 1959-1977: Vol. 1, 92).  What began as “a very pleasing 

divertisement, to view the vivid and intense colours produced thereby” produced some 

unexpected results (Newton, 1959-1977: Vol. 1, 92).  The coloured image produced by 

the passage of white light through the glass prism was oblong,50 and yet, “according to 

the received laws of Refraction”,51 the image should have appeared circular (Newton, 

                                                 

49 In fact, it is almost certainly a ‘rational reconstruction’ of the events that took place during the anni 

mirabilis (1665–1666).  For discussion on this point, see (e.g. Whiteside, 1966). 

50 More specifically, an elongated circle – curved at the ends, and straight along the sides.  In later 

work, Newton often depicted this shape in an idealised form, as a sequence of overlapping circles (e.g. 

Newton, 1952: 65, fig. 23).  Newton reported that the length of the image was 5 times longer than its 

breadth (Newton, 1959-1977: Vol. 1, 92). 

51 The ‘received laws of refraction’ refer to the sine law, also called ‘Snell’s Law’ or the ‘Snell-

Descartes law’, which states that the ratio of the sines of the angles of incidence and refraction is a constant 

that depends on the medium through which the light passes. 
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1959-1977: Vol. 1, 92).52  So Newton set out to explain this discrepancy between the 

predicted result of this experiment and the actual result. 

Newton started out assuming that the current theory of light – that white light is 

homogeneous, travels in straight lines, and obeys the sine law – is correct.  His task was 

to identify the source of the discrepancy between observation and prediction.  Firstly, he 

wondered if the source of the discrepancy might be the experimental set up of the 

apparatus (the prism).  So he experimented to see whether the size of the discrepancy 

varied with the thickness of the glass or the size of the aperture.  He found that the 

discrepancy was not related to either of these.  Then he wondered whether there was an 

irregularity or imperfection in the glass that was causing the image to be distorted.  So he 

projected the elongated image through a second prism, turned the other way, so that the 

light was refracted in one direction through the first prism and in the other direction 

through the second prism.  He reasoned that, if the source of the discrepancy were an 

irregularity in the first prism, then the second prism would enhance this discrepancy.  But 

if the source of the discrepancy were a regular effect of the first prism, then it would also be 

a regular effect of the second prism.  If the latter was the case, then, by refracting the 

light in the opposite direction through the second prism, the second prism would 

counter the effect of the first prism, thus, removing the discrepancy by making the image 

circular.  When Newton tried this, he found that the projected image was circular.  So, 

from this set of experiments, he concluded that the elongated image was not caused by 

an irregularity in the prism; rather it was a regular effect of the prism (Newton, 1959-

1977: Vol. 1, 93). 

Newton then wondered if any of his experimental assumptions were incorrect.  

Maintaining his assumption of the sine law, he addressed the assumption that all the rays 

of light passing through the aperture have the same angle of incidence.  While he knew 

that the angle of incidence varies, depending on which part of the sun the ray comes 

from, so far Newton had assumed that this variation is so slight that it need not be taken 

into account.  He now wondered if this variation was significant after all.  To test this 

                                                 

52 Sabra has noted that this assertion (that the image should have appeared circular) is the only 

indication of the experimental set up: “except for one definite position of the prism, namely that of 

minimum deviation, a certain elongation of the image should have been expected.  As we go on reading 

Newton’s paper, however, we soon discover that the prism was fixed at precisely that position” (Sabra, 

1967: 235). 
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suspicion, Newton calculated the maximum variation of incidence-angles that could be 

expected of light travelling from the sun at a given time, and computed the greatest 

possible elongation based on this variation.  He concluded that even the greatest possible 

variation would be too small to account for such a large discrepancy.  To make sure, he 

also took his prism and turned it “to and fro, so as to vary its obliquity to the light” 

(Newton, 1959-1977: Vol. 1, 93-94).  He found that “by that variation of Incidence, the 

quantity of Refraction was not sensibly varied” (Newton, 1959-1977: Vol. 1, 94).  Finally, 

he concluded: 

By this Experiment therefore, as well as by the former computation, it was evidence, that the 

difference of the Incidence of Rays, flowing from divers parts of the Sun, could not make them 

after decussation diverge at a sensibly greater angle, than that at which they before converged; 

which being, at most, but about 31 or 32 minutes, there still remained some other cause to be 

found out, from whence it could be 2 deg. 49' (Newton, 1959-1977: Vol. 1, 94). 

By this line of inquiry, Newton had identified a partial cause of the elongation.  But he 

had found that this cause was not sufficient for the effect.  So there was still a 

discrepancy to explain.53 

Having ruled out faults with his apparatus and the assumptions of his experimental 

design, Newton then wondered if any of his other assumptions about light were 

incorrect.  Considering the assumption that light travels in straight lines, he wondered if 

the prism was causing the rays of light to curve, “and according to their more or less 

curvity tend to divers parts of the wall” (Newton, 1959-1977: Vol. 1, 94).  But he 

observed that the length of the image was a function of the diameter of the aperture and 

its distance from the image; rather than the distance of the prism from the image.  This 

supported his original assumption that light travels in straight lines through uniform 

media. 

Having ruled out all of his other assumptions, Newton then considered his 

assumption that all the rays of light travelling through the aperture were homogeneous 

                                                 

53 This method of viewing discrepancies as indicative of causes looks like an early version of the 

‘Newtonian Style’.  See chapter 4. 
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with respect to their refrangibility.54  To test this assumption, Newton performed his 

‘experimentum crucis’.55 

 

Figure 2.1 The experimentum crucis56 

The experimental set up is as follows (see figure 2.1 above).  Firstly, light is projected 

through a prism and becomes an elongated spectrum, just like in the first experiment.  

Then, instead of projecting the spectrum onto a screen, it is projected through a series of 

boards with apertures in them, which results in a very narrow ray of light.  Finally, this 

ray of light is projected through a second prism and onto a piece of card.  The object of 

the experiment is to measure the angles of refraction by noting the placement of the 

projected image on the card.  Newton made a series of observations: by rotating the first 

prism, he was able to isolate different parts of the spectrum, and then note the 

placements of the light on the final piece of card.  He noticed that the highest images on 

                                                 

54 Refrangibility is the degree to which light can refract when passing from one medium into another, or 

a “predisposition, which every particular Ray hath to suffer a particular degree of Refraction” (Newton, 

1959-1977: Vol. 1, 96). 

55 An ‘experimentum crucis’ (lit. ‘experiment at a crossroads’) was an experiment designed to choose 

between two competing explanations.  Bacon used the term ‘instantia crucis’ in the Novum Organum, but there 

is some confusion in the literature as to who first introduced the related term ‘experimentum crucis’.  Peter 

Anstey and Michael Hunter have argued that, while the notion is often attributed to Hooke, it in fact 

should be attributed to Boyle, who introduced the notion in his Defence against Linus (1662) (Anstey & 

Hunter, 2008: 112). 

56 There was no diagram in the original description of this experiment.  Figure 2.1 was produced in 

Newton’s reply to Pardies (Newton, 1672c).  In this experiment, light is projected from S, through prism A 

to the board Bd, where most of the light is stopped.  A small amount is allowed through the aperture x, 

where it is stopped at the board DE.  A small amount of light is allowed through the aperture y, where it is 

projected through prism F, and finally hits the card GH. 
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the card were from the top part of the spectrum, and the lowest images on the card were 

from the bottom part of the spectrum.  Newton reported: 

And I saw by the variation of those places, that the light, tending to that end of the Image, towards 

which the refraction of the first Prisme was made, did in the second Prisme suffer a Refraction 

considerably greater then the light tending to the other end (Newton, 1959-1977: Vol. 1, 94-95).57 

So, for any given ray, refrangibility was a constant, but it varied between rays.  That is, if 

a particular ray bent to an angle of x degrees after passing through the first prism, then it 

bent to an angle of x degrees after passing through the second prism as well.  The 

outcome of this experiment led Newton to reject his assumption of homogeneity and 

conclude that white light is a heterogeneous mixture of rays: 

And so the true cause of the length of that image was detected to be no other, then that Light 

consists of Rays differently refrangible, which, without any respect to a difference in their incidence, 

were, according to their degrees of refrangibility, transmitted towards divers parts of the wall 

(Newton, 1959-1977: Vol. 1, 95). 

At this point, Newton digressed to discuss the implications of this discovery for 

refracting telescopes.  Most of his contemporaries had attributed the imperfection of 

telescopic images to the imperfection of the lenses.  However, Newton’s discovery, “that 

Light it self is a Heterogeneous mixture of differently refrangible Rays” (Newton, 1959-1977: Vol. 

1, 95), indicated a significant limitation that had nothing to do with glass-grinding.  That 

is, even if a lens could perfectly collect some homogeneous rays to a point, it could not 

do this for a heterogeneous mixture of rays.  This realisation led Newton to build a 

reflecting telescope.  For, since “the Angle of Reflection of all sorts of Rays was equal to 

their Angle of Incidence” (Newton, 1959-1977: Vol. 1, 95), 

Optick instruments might be brought to any degree of perfection imaginable, provided a Reflecting 

substance could be found, which would polish as finely as Glass, and reflect as much light, as glass 

transmits, and the art of communicating to it a Parabolick figure be also attained (Newton, 1959-1977: 

Vol. 1, 95). 

                                                 

57 Commentators (e.g. Jalobeanu, 2014, Stein, 2004) have noted that the expression of this result is 

surprisingly awkward.  This is probably due to the difficulty of describing the experiment without speaking 

about colours. 
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After his digression, Newton did not return to his experimentum crucis, but moved 

onto a new part of his paper, his doctrine of colours, which he stated in thirteen 

propositions (summarised in table 2.1 below). 

Prop 1 Colours are not caused by refraction or reflection but are original properties of rays of 

light. 

Prop 2 There is a one-to-one correspondence between colour and refrangibility. 

Prop 3 The colour and refrangibility of any given ray are constant and unchangeable. 

Prop 4 The colour of light can be changed by composition and decomposition.  But such 

changes are not real, only apparent – each individual ray always retains its original 

colour. 

Prop 5 There are two kinds of colours: original and compound. 

Prop 6 New (compound) colours, which look the same as original colours, are created by 

combining original colours. 

Prop 7 Whiteness is not an original colour, but a compound of all the original colours. 

Prop 8 White light is a mixture of all original colours in equal amounts.  If there is more or 

less of some particular colour, then the light will not be white. 

Prop 9 A prism produces coloured light by separating white light into its constituent rays by 

refraction. 

Prop 10 Rainbows appear because water droplets refract sunlight. 

Prop 11 Some bodies appear one colour in one position and another colour in another position 

because they are illuminated by, and so transmit, different coloured light. 

Prop 12 If two glass vessels are filled one with red liquid and the other with blue liquid, 

separately they are transparent, but together they become opaque.  This is because 

one only transmits red rays and the other only blue rays, so together they do not 

transmit any rays. 

Prop 13 All coloured bodies obtain their colour via refraction, reflection and transmission of 

the rays of light that illuminate them. 

 Summary of Newton’s new theory of light (as presented in February 1672) 

After laying down his doctrine, Newton concluded by discussing two more 

experiments, which were supposed to capture the key features of his theory.  The first 

experiment involves using a prism to separate a small amount of white light into a 

spectrum, and a lens to intercept the spectrum, and cause the light to converge to a 

point.  Newton explained that, by moving a piece of white paper back and forth, one can 

find the position at which the colours converge to a single point of white light: 
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[…] for, by such motion, you will not only find, at what distance the whiteness is most perfect, but 

also see, how the colours gradually convene, and vanish into whiteness, and afterwards having 

crossed one another in that place where they compound Whiteness, are again dissipated, and 

severed, and in an inverted order retain the same colours, which they had before they entered the 

composition (Newton, 1959-1977: Vol. 1, 101). 

This experiment was supposed to demonstrate two things.  Firstly, that white light may 

indeed be produced by mixing the spectral colours, thus supporting proposition 7.  

Secondly, that even when compounded, the original rays retain their separate identities, 

thus supporting proposition 4.  Moreover, he said: 

You may also see, that, if any of the Colours at the Lens be intercepted, the Whiteness will be 

changed into the other colours.  And therefore, that the composition of whiteness be perfect, care 

must be taken that none of the colours fall beside the Lens (Newton, 1959-1977: Vol. 1, 101). 

This variation on the experiment was supposed to provide support for proposition 8. 

The second experiment involves isolating a homogeneous collection of rays (say, 

only the red ones), and attempting to change them by refraction into other colours.  

According to proposition 3, it is impossible to change the colour of such a collection of 

rays by refraction – by definition, original rays cannot be decomposed into other colours.  

So, by proposition 4, the only way to change them is to combine them with other 

homogenous, or original, rays.  Yet even then, they can only be divided into their original 

colours, and not new ones.  So, if this experiment was carried out correctly, no colour 

changes should occur.  That is, if the experiment is properly constructed, it ought to fail.  

To avoid obtaining a false-positive, Newton discussed the best way to isolate a 

homogeneous ray of light.  If the ray is not properly isolated, it is possible that “any 

scattering light, mixing with the colour, [may] disturb and allay it, and render it 

compound, contrary to the design of the Experiment” (Newton, 1959-1977: Vol. 1, 102).  

And, “if trial shall be made with colours not thoroughly separated, there must be allowed 

changes proportionable to the mixture” (Newton, 1959-1977: Vol. 1, 102). 

Newton pointed out that similar care must be taken when performing his suggested 

variation of the first experiment.  When intercepting any colour, one must be sure to 

intercept the whole colour, which may involve intercepting colours near to that colour as 

well: 

[…] if any one of the Prismatick colours, suppose Red, be intercepted, on design to try the asserted 

impossibility of reproducing that Colour out of the others, which are pretermitted; ’tis necessary, 
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either that the colours be very well parted before the red be intercepted, or that together with the 

red the neighbouring colours, into which any red is secretly dispersed, (that is, the yellow, and 

perhaps green too) be intercepted, or else, that allowance be made for the emerging of so much red 

out of the yellow & green, as may possibly have been diffused, and scatteringly blended in those 

colours.  And if these things be observed, the new Production of Red, or any intercepted colour 

will be found impossible (Newton, 1959-1977: Vol. 1, 102). 

2.1.2 A Baconian interpretation of Newton’s first paper 58 

Commentators have found the style of Newton’s paper enigmatic.  Not only because it 

attempts to put forward some very sophisticated and novel scientific ideas in such a short 

paper (it’s only about 5,000 words long!),59 but also because it combines aspects of 

natural history and mathematics.  In this section, I give a Baconian interpretation of 

Newton’s first paper. 

Historians of philosophy have tended to view Baconian natural histories as large 

collections of facts without any theoretical reflection.  But, by drawing on Bacon’s later 

work, namely, his Latin natural histories,60 Dana Jalobeanu has shown that Baconian 

natural histories are much more complex and sophisticated than the traditional view has 

recognised (e.g. (Jalobeanu, 2011, 2012)).  The natural histories themselves are complex 

reports containing, not just observations, but also descriptions of experiments, advice 

                                                 

58 In this section, I follow Dana Jalobeanu’s recent paper (Jalobeanu, 2014) 

59 The ideas are contained in Newton’s optical lectures, delivered between 1670 and 1672 (Newton, 

1984).  Schaffer has commented that: 

In the letter to Oldenburg of February 1672, Newton selected some of his earlier trials, rewrote his autobiography, omitted 

many important details, notably those on prism quality and design, and revised some of the lesseons these experiments were 

supposed to teach.  The experimentum crucis was a simplified and revised form of large numbers of experiments given in the 

third and sixth Cambridge lectures (Schaffer, 1986: 84). 

60 Jalobeanu has noted that there were two different kinds of Baconian natural history: (1) ‘Mother 

histories’, which were collections of facts relating to particular empirical questions (i.e. histories of 

countries, mines, sea travel, etc.); (2) more theoretical histories of qualities, virtues and appetites of matter.  

Bacon’s Latin natural histories are not histories of species or individuals, but histories of qualities. 

The ‘Latin natural histories’ were supposed to constitute part III of Bacon’s Instauratio magna, to be 

published under the title ‘Historia naturalis et experimentalis’.  Bacon’s plan had been to produce six natural 

histories, but only two were published in Bacon’s lifetime, Historia ventorum and Historia vitae et mortis, and 

one was published posthumously, Historia densi et rari.  The others either were never written, or they have 

been lost (Jalobeanu, 2011: 91-92). 



 

 45 

and observations on the method of experimentation, provisional explanations, questions, 

and epistemological discussions.  In a recent paper, Jalobeanu has argued that Newton’s 

first paper displays important elements of a Baconian natural history (Jalobeanu, 2014). 

To begin, Jalobeanu has pointed out that Newton’s paper displays the superficial 

trappings of a Baconian natural history.  Firstly, a sequence of experiments explores the 

phenomena, prior to theorising.  Jalobeanu notes that, because Newton’s paper describes 

a relatively small number of experiments, it has often not been recognized as a natural 

history.  She has argued, however, that there is no requirement that a Baconian natural 

history must begin with a large number of experiments.  In fact, a Baconian natural 

history is often restricted to a set of ‘Instances with Special Powers’ (ISPs).  ISPs are 

experiments, procedures, and instruments that are held to be particularly informative or 

illuminating.  Jalobeanu argues that the important requirement for a natural history was 

that variation on experiments could occur.  She argues that the way in which Newton 

presented his experiments gave the reader enough information to generate a large 

number of new experiments.61 

Secondly, the digression, where Newton discussed telescopes is a standard feature of 

a Baconian natural history.  Jalobeanu has pointed out that natural histories often 

included discussions of ‘useful results’, and Newton’s reflecting telescope fits this notion.  

This digression has often been seen as a cheap way of Newton showing the usefulness of 

his theory.  Jalobeanu has argued that it is better interpreted in the Baconian tradition. 

Thirdly, the different aspects of the paper are clearly separated.  That is, Newton 

went through the sequence of experiments, clearly signalled the end of that discussion 

and the beginning of the digression.  At the end of the digression, he clearly signalled the 

start of the theorising.  That is, each section was clearly signposted.  This is in keeping 

with Bacon’s natural histories, in which all the elements of the natural history – the 

observations and experiments, summaries, provisional rules, opinions, theories, etc. – 

were separated in the text, so they would not be confused. 

Jalobeanu has also made the stronger claim that the experimental sequence itself, 

culminating in the experimentum crucis, displays features of a Baconian natural history.  

Firstly, the experiments used display the features of ISPs.  They include experiments that 

                                                 

61 In fact, Robert Moray generated experiments on Newton’s new theory in this way (Moray, 1672). 
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are supposed to be especially representative of a certain class of experiments, tools and 

experimental procedures that provide interesting shortcuts in the investigation, and 

model examples that come very close to providing theoretical generalisations.62 

Secondly, the experimental sequence is generated in a way that resembles Bacon’s 

‘experientia literata’.  The experimentum crucis is a tool or technique for guiding the intellect 

from one experiment to another.  By following this method, discoveries are made, not by 

chance, but by moving from one experiment to the next in a guided, systematic way.63  

Newton’s paper begins with a sequence of experiments that fit the description of ISPs.  

Jalobeanu argues that these are core experiments, and the sequence moves from one 

experiment to the next, by varying the experimental parameters.  Jalobeanu argues that, 

in this way, Newton constructed an experimental series with results of increased 

generality.  These features of the sequence suggest that they have been generated by 

experientia literata.  As the experimental sequence progresses, the experiments are used to 

refute alternative theories and hypotheses.  Finally, the sequence of experiments 

culminates in the experimentum crucis, which is presented as a natural historical fact.  

Jalobeanu has argued that there are similarities between Newton’s experimentum crucis as an 

experimental fact and Bacon’s process of constructing a table as the experimental fact 

obtained from a series of experiments. 

So Newton’s paper bears striking resemblance to a Baconian natural history.  And it 

seems to have been recognised as such by his contemporaries.  However, Newton’s 

conclusions went well beyond what Baconians thought could be achieved in a natural 

history.  Newton claimed to have obtained special epistemic status for his theory firstly 

by employing well-chosen experiments to establish certain principles, secondly by 

reasoning mathematically to preserve certainty, and thirdly by keeping his new theory free 

from speculation.  The debate that followed the publication of his paper forced Newton 

to clarify his methodology.  He clarified the role of mathematical reasoning in his work, 

he elaborated on his theory-hypothesis distinction, and he employed queries to steer the 

                                                 

62 I discuss instances with special powers in more detail in chapter 3, when I consider Newton’s 

experiments in the Opticks. 

63 I shall discuss Bacon’s experientia literata in more detail in chapter 3, when I consider the 

observations in Newton’s Opticks. 
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discussion towards empirical matters.  I shall discuss the debate in section 2.1.4, but first 

I need to introduce one final aspect of Newton’s first paper, his corpuscular hypothesis. 

2.1.3 Newton’s corpuscular hypothesis 

To anyone who read his paper, it was clear that Newton thought that light was probably 

corpuscular.  He hinted at a corpuscular view of light when he employed the tennis ball 

analogy to explore the idea that light might curve as it is refracted: 

And for the same reason, if the Rays of light should possibly be globular bodies, and by their 

oblique passage out of one medium into another acquire a circulating motion, they ought to feel the 

greater resistance from the ambient Æther, on that side, where the motions conspire, and thence be 

continually bowed to the other (Newton, 1959-1977: Vol. 1, 94).64 

But near the end of the paper, Newton was more explicit, when he employed the 

substance-attribute distinction to suggest that light is a substantial body, rather than a 

quality of a body: 

For, since Colours are the qualities of Light, having its Rays for their intire and immediate subject, 

how can we think those Rays qualities also, unless one quality may be the subject of and sustain 

another; which in effect is to call it substance.  We should not know Bodies for substances, were it 

not for their sensible qualities, and the Principal of those being now found due to something else, 

we have as good reason to believe that to be a Substance also (Newton, 1959-1977: Vol. 1, 100). 

Here, Newton was arguing that, since colour is a sensible quality of light, light must be a 

substance.  That is, colour must be a property of particles, or corpuscles, of light.  But 

even here, Newton exercised caution.  He said that although he had established that light 

is heterogeneous, 

to determine more absolutely, what Light is, after what manner refracted, and by what modes or 

actions it produceth in our minds the Phantasms of Colours, is not so easie (Newton, 1959-1977: 

Vol. 1, 100). 

He said that he was not willing to speculate any further on these matters. 

                                                 

64 Commentators have interpreted this as a test of Descartes’ hypothesis of the effect of æther (e.g. 

Jalobeanu, 2014, Sabra, 1967: 239). 
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While he may have been unwilling to speculate further on the nature of light, 

Newton’s corpuscularian assumptions seem to influence his theoretical claims.  For 

example, he argued that original colours remain separate and unaltered when they are 

mixed to form white light.65  He was thinking of rays as one might think of grains of sand 

or powder: the particles mix together, but each retains its separate identity.  Newton 

recognised this metaphysical commitment when he said: “Besides, who ever thought any 

quality to be a heterogeneous aggregate, such as Light is discovered to be” (Newton, 1959-

1977: Vol. 1, 100).  Thus, substances, but not qualities, can be combined in this way.  As 

we shall now see, the corpuscular hypothesis was a major sticking point for the debate. 

2.1.4 The optical debate 

When Newton’s first paper was read at a meeting of the Royal Society (8 February 1672), 

it was received with enormous enthusiasm.  Henry Oldenburg, the founding Secretary of 

the Royal Society and the founding Editor of the Philosophical Transactions, wrote to 

Newton immediately (8 February 1672) to report on its reception: 

I can assure you, Sir, that it there mett both with a singular attention and an uncommon applause, 

insomuch that after they had order’d me to returne you very solemne and ample thankes in their 

name (which herewith I doe most cheerfully) they voted unanimously, that if you contradicted it 

not, this discourse should without delay be printed, there being cause to apprehend that the 

ingenuous & surprising notion therein contain’d (for such they were taken to be) may easily be 

snatched from you […] (Newton, 1959-1977: Vol. 1, 107) 

In his History of the Royal Society, Thomas Birch gave a similar report: 

It was ordered, that the author be solemnly thanked, in the name of the Society, for this very 

ingenious discourse, and be made acquainted, that the Society think very much of it, if he consent 

to have it forthwith published, as well for the greater convenience of having it well considered by 

philosophers, as for securing the considerable notions of the authors against the pretensions of 

others. 

It was ordered also, that this discourse be entered into the register-book; and that the bishop of 

Salisbury, Mr. Boyle, and Mr. Hooke be desired to peruse and consider it, and bring in a report of it 

to the Society (Birch, 1757: 9). 

                                                 

65 Sabra has pointed out that this was barely intelligible to wave theorists (Sabra, 1967: 280-282). 
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6 February 1672 Newton’s first paper 

15 February 1672 Hooke’s report read to the Royal Society 

30 March 1672 Pardies’ first reply to Newton 

13 April 1672 Newton’s first reply to Pardies 

11 May 1672 Pardies’ second reply to Newton 

10 June 1672 Newton’s second reply to Pardies 

11 June 1672 Newton’s reply to Hooke 

25 June 1672 Newton’s ‘queries’ letter 

14 January 1673 Huygens’ first reply to Newton 

3 April 1673 Newton’s first reply to Huygens 

31 May 1673 Huygens’ second reply to Newton 

23 June 1673 Newton’s second reply to Huygens 

7 December 1675 Newton’s second paper 

(Hypothesis and Discourse) 

 Timeline of correspondence 

Robert Hooke, Christiaan Huygens, and Ignace-Gaston Pardies were Newton’s primary 

critics in the optical debate that followed this paper (see table 2.2 above for a timeline of 

this correspondence).66  Aided by Oldenburg, who forwarded and copied letters, chased 

up replies, and occasionally weighed in with questions of his own, these critics forced 

Newton to explicate his theoretical and methodological claims.67  Here we are primarily 

interested in the methodological themes of the debate. 

                                                 

66 Newton’s correspondence with Hooke, Pardies and Huygens took place in 1672-1673.  From 1674 

to 1678, Newton corresponded with the English Jesuits of Liège.  It started with Franciscus Linus, but 

when he died, first John Gasciones, and then Anthony Lucas stepped in to continue the discussion 

(attempting to vindicate Linus).  With the exception of an important exchange between Newton and Lucas 

on the nature of the support offered by an experimentum crucis, this correspondence adds little to the 

methodological picture built up in the former correspondence.  So I shall not discuss it here.  For a useful 

summary of Newton’s correspondence with the Liègeois, see (Westfall, 1966). 

67 It has often been said that the publication of Newton’s first paper “unleashed a torrent of criticism” 

(e.g. Westfall, 1966: 299).  For example, David Brewster reported that: 

No sooner were these important discoveries given to the world, than they were criticised and assailed with a degree of 

virulence and ignorance which have not often been combined in scientific controversy (Brewster, 1855: Vol. 1, 69). 
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Newton versus Hooke 

Robert Hooke (1635-1703),68 curator of experiments for the Royal Society, was the first 

to write a reply to Newton’s paper.  His report was read at the very next meeting of the 

Royal Society on 15 February 1672.69  At Oldenburg’s prompting,70 Newton replied on 

11 June 167271 (Newton, 1959-1977: Vol. 1, 171-193). 

Hooke raised three objections to Newton’s paper.  Firstly, Hooke denied that 

Newton’s corpuscular hypothesis was the only possible explanation of the phenomena.  

He insisted that other hypotheses, while incompatible with Newton’s, could fit the 

observed facts just as well.  Newton replied by drawing a distinction between theories and 

hypotheses.  He noted that Hooke appeared to be concerned with theoretical virtues such 

as subtlety and intelligibility, rather than epistemic virtues (i.e. those that are directly 

related to empirical support, and good reasoning).  He thought that Hooke was “valuing 

                                                 

But Westfall has pointed out that “A careful examination of the record hardly bears out the interpretation” 

(Westfall, 1966: 299-300). 

68 History has not been kind to Robert Hooke.  His reputation suffered after his death, and this has 

been attributed, in large part, to his disputes with Newton: one on light and one over credit for the theory 

of gravitation.  It is only relatively recently that Hooke has been recognised as one of the most important 

scientists of his age.  For example, Stephen Gaukroger has described Hooke as “one of the most creative 

and ingenious thinkers of the seventeenth century” (Gaukroger, 2006: 434). 

69 Westfall has noted that, of all the papers received by Newton responding to his theory, “Only 

Robert Hooke’s paper can truly be called critical.  To be sure, it was more than critical.  It was 

condescending and offensive, and one can understand only too well the indignation that it might have 

aroused” (Westfall, 1966: 300). 

70 Oldenburg mentioned Newton’s promised reply several times in correspondence.  On 6 April 1672, 

Oldenburg wrote: “It would be well if your answer to Mr Hooks objections could be ready, to be inserted 

in the Transactions of this present month, wch will goe to the presse about 10 or 12 days hence” (Newton, 

1959-1977: Vol. 1, 135).  And, on 2 May 1672, he mentioned it again, this time suggesting that Hooke’s 

name be omitted from the printed version (Newton, 1959-1977: Vol. 1, 151). 

71 Oldenburg sent Hooke’s report to Newton on 19 February 1672, and Newton’s initial reply (20 

February 1672) was brief: 

And having considered Mr Hooks observations on my discourse, am glad that so acute an objecter hath said nothing that 

can envervate any part of it.  For I am still of the same judgment & doubt not but that upon severer examinations it will bee 

found as certain a truth as I have asserted it (Newton, 1959-1977: Vol. 1, 116). 

Clearly Newton did not consider Hooke’s comments to be damning criticisms of his theory.  He promised 

to write a longer reply later. 
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uncertain speculations for their subtleties, or despising certainties for their plainesse”, 

when he ought to have been making “a sincere endeavour after knowledge” (Newton, 

1959-1977: Vol. 1, 171).  Newton thought that Hooke should be concerned with whether 

or not the evidence supports the new theory; not whether or not his hypothesis fits the theory.72  

Thus, in response to Hooke’s objection, Newton made two arguments: 

1) An epistemic claim: that the certainty with which Newton regarded his new theory 

should be contrasted with his tentative claims about the corpuscular hypothesis; 

and 

2) A methodological claim: that theories and hypotheses have different roles and 

different jurisdictions. 

We shall consider these claims in more detail in section 2.3. 

Secondly, Hooke denied that the experiment that Newton had referred to as an 

‘experimentum crucis’ was indeed a crucial experiment.  In reply, Newton wrote: “I cannot 

be convinced of its insufficiency by a bare denyall without assigning a reason for it” 

(Newton, 1959-1977: Vol. 1, 187).  Rather provocatively, he added “I am apt to beleive it 

hath been misunderstood” (Newton, 1959-1977: Vol. 1, 187).  He explained that the 

experimentum crucis demonstrated that rays of different colours are differently refrangible, 

and that this is not something that is caused by the prism (i.e. by “rarefying & splitting of 

rays” (Newton, 1959-1977: Vol. 1, 187)).  Rather, this is a disposition that every ray 

already has.  That is, Newton saw the prism as causing the separation of individual rays 

with specific properties or dispositions.  In contrast, Hooke saw the prism as generating 

new properties or dispositions in light.  So Newton and Hooke simply did not see the 

same thing when they conducted the experimentum crucis.  I shall discuss this in section 2.2. 

Thirdly, while Hooke agreed that Newton’s theory could explain the phenomena, he 

denied that it was mathematically certain.  Newton addressed this objection in a section 

titled, “That the Science of Colours is most properly a Mathematicall Science” (Newton, 1959-1977: 

                                                 

72 Newton was clearly disappointed that Hooke had failed to recognise the epistemically special 

relationship between his new theory and his experiments (Newton, 1959-1977: Vol. 1, 171).  For, instead 

of considering Newton’s support for his theory, Hooke had discussed whether another hypothesis could fit 

the evidence just as well.  It is interesting to note that Newton misinterpreted this objection as Hooke 

attempting to assert his own hypothesis in place of Newton’s.  However, Hooke was careful to point out 

that other hypotheses could also fit the facts (Newton, 1959-1977: Vol. 1, 113). 
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Vol. 1, 187).  Here, Newton provided his most detailed account of his early 

mathematico-experimental method.  Firstly, he moderated his claim, denying that he had 

promised “The certainty of Mathematicall Demonstrations” (Newton, 1959-1977: Vol. 1, 

187).  Instead, he claimed to have promised the same level of certainty as could be 

achieved in the “Mathematicall Sciences”, which “depend as well on Physicall Principles 

as on Mathematicall Demonstrations” (Newton, 1959-1977: Vol. 1, 187).  He went on 

briefly to explain that, by focussing on refraction, he could create a mathematical science 

of colour, that could be “as certain as any part of Optiques” (Newton, 1959-1977: Vol. 1, 

188).  I shall discuss these claims in more detail in section 2.2. 

Newton versus Pardies 

The tone of the correspondence between Jesuit Scholar, Ignace-Gaston Pardies (1636-

1673) and Newton was much more congenial than it had been between Hooke and 

Newton.73  Pardies raised two objections to Newton’s paper.  Firstly, he rejected 

Newton’s claim that the current theory was inadequate.  He felt that it was bad practice 

for Newton to have rejected the current theory on the basis of a single experiment.74  

Pardies felt that this rejection had been too swift.  Instead, he argued that the phenomena 

in question – namely, the elongated image of the first experiment and the constant angles 

of refraction of the experimentum crucis – could be explained by the current theory of light, 

by taking into account the variation in the angles of incidence.75  Pardies’ discussion 

highlighted the fact that he hadn’t set up the experiment properly, so Newton’s reply was 

to clarify this (Newton, 1959-1977: Vol. 1, 140).76 

                                                 

73 As Westfall put it: “Father Pardies’ two letters […] were courteous and respectful and indeed not 

lacking in praise for Newton” (Westfall, 1966: 300). 

74 Pardies pointed out that Newton’s new theory was based entirely on a prism experiment (“Istaec tam 

extraordinaria Hypothesis […] tota innititur in illo experimento Prismatis crystallini[…]” (Newton, 1959-1977: Vol. 

1, 131), and that it was from this experiment that Newton had rejected the foundational assumptions of 

dioptrics (“Dioptricae fundamenta evertit, praxique adhuc istitutas incitiles reddit” (Newton, 1959-1977: Vol. 1, 

131)). 

75 As Kuhn has pointed out, Pardies’ response was fairly typical (Kuhn, 1958: 32).  Linus raised a 

similar objection (Newton, 1959-1977: Vol. 1, 317-319). 

76 Sabra has argued Pardies’ claim highlights the inadequacy of Newton’s original description of the 

experiment.  Pardies’ prism was in a different position to Newton’s (Sabra, 1967: 265). 
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Secondly, Pardies denied that Newton’s new theory was an adequate account of light 

and colours.  He drew an analogy between coloured light and coloured paint, arguing 

that a heterogeneous mixture of coloured paints does not produce white paint, but 

rather, a muddy colour (“non jam candidus, sed obscurus et satur color exsurget” (Newton, 1959-

1977: Vol. 1, 133)).  Similarly, he argued, a heterogeneous mixture of coloured lights 

cannot produce white light (“Ergo similis color appareret in Lumine ordinario, quod constaret ex 

aggregation omnium colorum” (Newton, 1959-1977: Vol. 1, 133)).  So he believed that 

Newton’s new theory could be proven false on empirical grounds.77  Newton replied by 

arguing that the muddy colour produced by mixing paint belongs to the same species as 

white (along with black, and the other intermediate colours).  The only difference is in 

the quantity of light (“Mihi verò albus, niger et omnes intermedij fusci, qui ab albo et nigro permistis 

componi possunt, non specie coloris sed quantitate lucis tantùm differre videntur” (Newton, 1959-

1977: Vol. 1, 141)).  So white is the same as black, just with more light. 

Pardies’ first letter contained one other feature that is important for our purposes: 

He referred to Newton’s new theory as a ‘hypothesis’ (e.g. “Legi ingeniosissimam Hypothesin 

de Lumine et Coloribus Clarissimi Newtoni” (Newton, 1959-1977: Vol. 1, 130)).  As we shall 

see, this unintentional slight on Newton’s new theory led to an informative discussion of 

Newton’s theory-hypothesis distinction.  We shall discuss this further in section 2.3. 

Newton versus Huygens 

It took longer for Christiaan Huygens (1629-1695), a Dutch mathematician and natural 

philosopher, to respond to Newton’s new theory.78  Huygens did not dispute Newton’s 

                                                 

77 In fact, there is an important disanalogy between paint-mixing and light-mixing that Pardies and 

Newton (in his reply) failed to notice.  Light-mixing is a case of ‘additive mixing’, where the three primary 

colours are red, green and blue.  In the absence of colour, the result is black, and in the presence of all the 

colours, the result is white.  Paint-mixing is a case of ‘subtractive mixing’, where the three primary colours 

are yellow, magenta, and cyan.  In the absence of colour, the result is white, but in the presence of all 

colours, the result is black. 

78 Oldenburg sent Huygens a copy of Newton’s first paper on 11 March 1672.  Hugyens mentioned at 

different times that he thought Newton’s theory ingenious (“elle me paroit fort ingenieuse” (Newton, 1959-

1977: Vol. 1, 135)) and a very plausible hypothesis (“une hypothese fort vraisemblable” (Newton, 1959-1977: 

Vol. 1, 235)).  However, he thought there could well be another explanation (“Toutefois la chose pourroit bien 

être autrement” (Newton, 1959-1977: Vol. 1, 235)).  But it took a lot of prompting from Oldenburg to get a 

detailed response from him.  Huygens finally sent some comments in a letter to Oldenburg (14 January 
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experimental results.  Furthermore, he allowed that Newton was probably correct about 

some of the properties of light and colours he described.  However, he raised two main 

objections to Newton’s paper. 

Firstly, against Newton’s proposition that white light is composed of an 

indeterminate number of colours, Huygens argued that two primary colours, yellow and 

blue, are sufficient to produce all the other colours (including white).  He gave a 

methodological reason and an empirical reason for limiting the number of primary 

colours to two.  Firstly, he argued that postulating two colours is preferable from a 

methodological point of view.  It is easier to give a mechanical explanation when there 

are fewer colours to explain.  Moreover, such an explanation will be simpler, and 

therefore better. 

Secondly, Hugyens argued that postulating two colours is preferable on empirical 

grounds.  He claimed that he could show by experiment that Newton’s condition (many 

colours in equal proportions) was only sufficient for white light, but not necessary.  He said 

he thought it would be possible to get white light and all the other colours by mixing 

blue and yellow in various proportions – but he hadn’t tried it yet (“car cette pensee ne m’est 

venue qu’a cette heure”79 (Newton, 1959-1977: Vol. 1, 257, n.4)). 

Newton effectively dismissed the methodological argument.  His response was 

essentially to point out firstly that fewer colours does not necessarily mean fewer, or 

simpler, explanations, and secondly that Huygens’ two-colour model is not as simple as 

he thinks.  While Newton’s theory only needs to give one explanation of colour, Huygens’ 

theory needs to give two.  Newton concluded that, if ease of formulating an explanation 

were indeed a relevant concern, then it would speak in favour of his theory rather than 

Huygens’. 

Newton’s response to Huygens’ empirical argument was two-pronged.  Firstly, he 

challenged the accuracy of Huygens’ experiment.  He strongly suspected that Huygens 

had combined compounds, instead of original colours, to produce white (Newton, 1959-1977: 

Vol. 1, 265).  Newton recommended therefore that, before combining the colours to 

                                                 

1673), and Oldenburg had the relevant passages copied and sent on to Newton (who received them on 18 

January 1673) (Newton, 1959-1977: Vol. 1, 255-257). 

79 Oldenburg did not include this passage in the version he sent to Newton.  But it does appear 

(translated into English) in the published version (Hugyens, 1673: 6086). 
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make white, Huygens should try properly to separate the light into uncompounded 

colours.  Only then, when he was certain he had original yellow and original blue and no 

other colours, should he try to make white out of them.  Secondly, while remaining sceptical 

that Huygens had managed to produce white out of two original colours, Newton argued 

that such an event would not refute his theory.  For, if a white was produced out of 

original blue and original yellow, it wouldn’t have the same properties as sunlight.  This is 

because original blue and original yellow cannot separate into any other colours. 

Huygens’ second objection was against Newton’s method of hypothesis-avoidance.  

He argued that Newton’s theory was incomplete without a hypothesis.  For, without a 

mechanical explanation of the nature of light and colours, Newton had not taught us 

about the nature and difference of colours, but only the accident (“mais seulemt cet 

accident”) of their different refrangibility (“de leur differente refrangibilité” (Newton, 1959-

1977: Vol. 1, 256)). 

Newton replied to this objection by clarifying the aims of his inquiry, and how these 

related to his own theory-hypothesis distinction.  I shall discuss this in section 2.3. 

2.2 Experiment, Mathematics and Certainty 

As we have seen, in the first half of his first optical paper, Newton systematically tested 

and rejected various “suspicions”, or explanations for the phenomena, by carrying out 

increasingly sophisticated experiments.  This culminated in his experimentum crucis, which 

(on his view) on the one hand disproved the current theory of light, and on the other 

hand gave conclusive support for his new theory.  Newton did not argue merely that his 

theory fits the experimental data.  Rather, he argued that his theory is certainly true, 

because it is deduced from principles that are firmly grounded in experiment.  He argued 

that his theory identified the ‘true cause’ of the phenomenon.  This was a strong claim 

indeed!  Newton saw the relationship between his theory and the evidence as 

epistemically special, and his methodology as superior to the others on offer.  In this 

section, firstly, I outline Newton’s mathematico-experimental approach, and the role of 

certain principles.  Secondly, I give an account of the experimentum crucis.  Thirdly, I give 

an account of Newton’s notion of ‘certainty’. 
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2.2.1 Newton’s mathematico-experimental approach 

The main methodological statement in Newton’s first paper is the following:80 

A naturalist would scearce expect to see ye science of [colours] become mathematicall, & yet I dare 

affirm that there is as much certainty in it as in any other part of Opticks.  For what I shall tell 

concerning them is not a hypothesis but most rigid consequence, not conjectured by barely 

inferring ’tis thus because not otherwise or because it satisfies all Phænomena (the Philosophers 

universall Topick,) but evinced by ye mediation of experiments concluding directly & without any 

suspicion of doubt (Newton, 1959-1977: Vol. 1, 96-97). 

The tone of this statement indicates that Newton saw himself as occupying a relatively 

isolated position (as discussed in chapter 1).  There is not much detail in the account, but 

his main point is clear enough: Newton claimed to have obtained special epistemic status 

for his theory by employing well-chosen experiments to establish certainty and 

mathematical reasoning to preserve certainty, and also, by keeping his new theory free 

from speculation by employing his theory-hypothesis distinction. 

In a letter to Oldenburg (6 July 1672), Newton explained that there are two ways to 

arrive at certainty via experiment.  The first way is by the process of eliminating possible 

explanations.  However, he pointed out that, unless one can reason by eliminative 

induction (that is, enumerate all possible explanations, and eliminate all except for one), it 

is better not to concern oneself with speculating about possible explanations: 

I cannot think it effectuall for determining truth to examin the severall ways by wch the 

Phænomena may be explained, unlesse where there can be a perfect enumeration of all those ways 

(Newton, 1959-1977: Vol. 1, 209). 

The second way is by deduction from experiments.  This was Newton’s preferred 

approach: he considered it positive and direct.  He said it is better to deduce a theory 

directly from the evidence, rather than simply choosing the best available explanation.  

                                                 

80 This passage was omitted from the published version of the paper, but it can be seen in the version 

that Newton sent to Oldenburg (c.f. (Newton, 1959-1977: Vol. 1, 96-97) and (Newton, 1672a)).  Hooke 

referred to this passage in his reply to Newton (Newton, 1959-1977: Vol. 1, 113).  Similarly, when Newton 

replied to Hooke’s letter, the passage was also removed in the published version (c.f. (Newton, 1959-1977: 

Vol. 1, 187-188) and (Newton, 1672b)).  One view, suggested by Mordechai Feingold, is that these 

passages were removed by Oldenburg because they failed to conform to the style of the Royal Society 

(Feingold, 2001: 83-84). 
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Newton explained that, to follow his method, he had thought it best to establish the laws 

of refraction first, before considering colours (Newton, 1959-1977: Vol. 1, 209). 

As we saw in chapter 1, Newton’s approach was based on the idea that mathematics 

is a bearer of certainty – one can reason deductively from certain axioms to theorems, 

without loss of certainty.81  Moreover, it is possible to apply this method of reasoning to 

natural philosophy: one can reason deductively from laws and principles to propositions 

in natural philosophy, without epistemic loss.  So, if one can establish certain natural 

philosophical laws or principles, it is possible to reason mathematically to certain 

propositions.  By reasoning in this way, Newton thought he could achieve a 

mathematical science.  The challenge, then, was to identify laws or first principles that 

met this requirement of certainty. 

In Newton’s first paper, he claimed to have established a certain first principle via a 

single experiment.  His experimentum crucis gave him his first proposition about light – 

white light is composed of rays of every refrangibility – which he regarded as certain.  From this 

first principle, Newton deduced his proposition about coloured light – white light is 

composed of rays of every spectral colour – and, given the method of inference, he regarded this 

proposition as certain too.  Let us now look at Newton’s experimentum crucis more closely. 

2.2.2 The experimentum crucis 

Newton’s experimentum crucis was a major sticking point for his critics.  Many of them 

could not replicate the experiment, and those that could, did not agree with Newton’s 

conclusion.  For example, Hooke denied that the experiment was indeed a crucial 

experiment.  He wrote: 

But how certaine soever I think myself of my hypothesis, wch I did not take up without first trying 

some hundreds of expts; yet I should be very glad to meet wth one Experimentum crucis from Mr 

Newton, that should divorce me from it.  But it is not that, which he soe calls, will doe the turne; 

                                                 

81 Newton provided very little detail, but the propositional form in which he set out his theory, 

especially in his second reply to Huygens, indicates that what Newton had in mind was a style of reasoning 

resembling the geometrical method of Euclid.  He explained the format to Oldenburg as follows: 

I drew up a series of such Expts on designe to reduce ye Theory of colours to Propositions & prove each Proposition from 

one or more of those Expts by the assistance of common notions set down in the form of Definitions & Axioms in 

imitation of the Method by which Mathematicians are wont to prove their doctrines (Newton, 1959-1977: Vol. 1, 237). 
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for the same phænomenon will be salved by my hypothesis as well as by his without any manner of 

difficulty or straining […] (Newton, 1959-1977: Vol. 1, 110-111) 

In this section, I give an account of the role played by the experimentum crucis, showing the 

difference in how Hooke and Newton saw the experiment. 

Let’s begin by considering the experiment itself.  Refer to figure 2.2, where white 

light travels from the Sun S, through the first aperture F, through the first prism ABC, 

where it is refracted for the first time, producing an image on the first board DE.  A 

small amount of light passes through the second aperture G, producing an image on the 

second board de.  A small amount of light passes through the third aperture g, through 

the prism abc, where it is refracted for the second time, producing an image on the 

screen MN.  Newton manipulated the first prism, twisting and turning it so that different 

parts of the refracted image could pass through aperture G to the second prism.  He took 

careful note of where each image appeared on the board MN. 

 

Figure 2.2 Experimentum Crucis (from the Opticks book 1, figure 18)82 

We have seen that, in his first paper, Newton made two claims in relation to this 

experiment: 

1) White light is composed of rays of many refrangibilities; and 

2) White light is composed of rays of many spectral colours. 

Hooke took (2) as the result of the experimentum crucis.  He saw the experiment in colour.  

So he saw white light enter the first prism, and a spectrum of colours come out.  Then, 

after isolating a single colour, he saw, say, red light enter the second prism and red light 

come out (see figure 2.3 below for a simplified analysis).  So Hooke saw no reason to 

conclude that the red must have already been in the white.  He agreed that this was a 

                                                 

82 (Newton, 1952: 47) 
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possible explanation of the phenomenon, but he thought it was not the only explanation.  

According to Hooke, the experiment showed that once red light is produced, it doesn’t 

change through refraction. 

 

Full experiment 

  

Prism 2: Red to red Prism 1: White to red 

Figure 2.3 Analysis of the experimentum crucis in colour 

Newton, in contrast, took (1) as the result of the experimentum crucis.  He saw the 

experiment in black and white, and so he focused on refrangibility, not colour.  He was 

concerned with geometrical factors such as the length of the image, the position of the 

image on the wall, the distance from the aperture to the prism and the prism to the wall, 

and the angles of incidence and refraction.  So he saw the experiment as a series of lines 

and angles.  He saw a light ray enter the prism at a certain angle and exit the prism at 

another angle: if light bent x degrees at the first prism, it also bent x degrees at the 

second prism (see figure 2.4 below for a simplified analysis).  That is, each time a 

particular ray passed through a prism it refracted to precisely the same degree.  Newton 

argued that this demonstrated that refrangibility is an original and constant property of 

light, not an effect of the prism.  Having established (1) by experiment, Newton then 

inferred (2). 
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Full experiment 

  

Prism 2:  to  Prism 1:  to  

Figure 2.4 Analysis of the experimentum crucis in black and white 

In his reply to Hooke, Newton explained that the experimentum crucis demonstrated 

that rays of different colours are differently refrangible, and that this is not something 

that is caused by the prism (i.e. by “rarefying & splitting of rays” (Newton, 1959-1977: 

Vol. 1, 187)).  Rather, this is a disposition that every ray already has.  That is, Newton 

saw the prism as separating what was already distinct.  In contrast, Hooke saw the prism 

as generating new properties or dispositions in light, so he did not think that the 

experimentum crucis showed what Newton claimed.  So Newton and Hooke simply did not 

see the same thing when they conducted the experimentum crucis. 

Newton’s interpretation of the experimentum crucis makes a big difference to his 

argument for two reasons.  Firstly, the result is more certain.  It would have been difficult 

to measure precisely changes in colour, but Newton was able to measure the degrees of 

refraction by measuring the positions of the image on the wall.  He recorded 

observations that are measurable, quantitative and precise, since this data could be 

employed to achieve mathematical certainty.  Newton wanted to establish physical 

properties with certainty, so it is no surprise that he eschewed talk of colour to focus on 

these other things.  Secondly, there is an extra step in the argument.  Newton’s claim that 

white light is composed of rays of all the spectral colours, and his further claims about 

original properties of light, are inferred from his first claim.  Hooke saw the inference 
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from observation to (2) as a single, experimental step.  Newton saw the inference from 

observation to (2) as two steps, one experimental, one deductive. 

Newton’s inference can be simplified as follows: 

P1. White light is composed of rays of many refrangibilities. 

P2. There is a one-to-one correspondence between refrangibility and original 

colour.83 

C. White light is composed of rays of many spectral colours. 

The experimentum crucis provided the first premise of Newton’s argument and Newton 

claimed that he had established the conclusion (C) with certainty. 

2.2.3 Certainty as ‘compelled assent’  

What are we to make of these claims to certainty?  We have seen that Newton’s critics 

did not see his experimentum crucis as establishing his first principle with certainty.  But it is 

clear that Newton thought his principle was certain.  He had conducted an experimentum 

crucis, which had provided him with a certain principle from which to deduce the rest of 

his theory.  Newton’s most detailed treatment of the certainty of his new theory appears 

in his reply to Hooke.  Hooke objected to Newton’s paper on the grounds that he was 

not justified in claiming that his theory was mathematically certain.  Newton responded by 

arguing that he had not claimed ‘mathematical certainty’, but some level of certainty.  To 

clarify this, he turned to consider the kind of certainty offered by the ‘mathematical 

sciences’. 

Newton began by pointing out that his first principle was a physical principle.  He 

wrote: 

Now the evidence by wch I asserted the Propositions of colours is in the next words expressed to 

be from Experiments & so but Physicall: Whence the Propositions themselves can be esteemed no 

more then Physicall Principles of a Science (Newton, 1959-1977: Vol. 1, 187). 

                                                 

83 Newton’s critics frequently misunderstood Newton’s claims regarding the causal relationship 

between refraction and colour.  Newton thought that refrangibility causes the production of colour only 

insofar as it separates rays into their different colours, thus, making the original colours visible. 

Whence it is that the same rays exhibit the same colours when separated by any other meanes; as by their different 

reflexibility; a quality not yet discoursed of (Newton, 1959-1977: Vol. 1, 265). 
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But he argued that the science of colours might still be called ‘mathematical’.  For it is 

possible to identify physical principles that a mathematician can use to derive the theory 

of colours.  He argued that this is exactly what he had done.  Therefore, he argued, his 

science of colours was “Mathematicall & as certain as any part of Optiques” (Newton, 

1959-1977: Vol. 1, 188).  Newton pointed out that the level of certainty possible in optics 

is limited.  He explained that the science of colours, 

Optiques & many other Mathematicall Sciences depend as well on Physicall Principles as on 

Mathematicall Demonstrations: And the absolute certainty of a Science cannot exceed the certainty 

of its Principles (Newton, 1959-1977: Vol. 1, 187). 

So according to Newton, there are two limitations on the level of certainty one can 

achieve in physical optics.  Firstly, it can be only as certain as its principles.  This, of 

course, is a constraint shared by all sciences.  Secondly, these principles are experimental, 

so they cannot be mathematically certain. 

Despite these limitations, Newton still thought that there was something special 

about the principle drawn from his experimentum crucis.  Several years later, in his 

correspondence with Lucas, Newton wrote (18 August 1676): 

But yet it will conduce to [Lucas’] more speedy and full satisfaction if he a little change ye method 

wch he has propounded, & instead of a multitude of things try only the Experimentum Crucis.  For it 

is not number of Expts, but weight to be regarded; & where one will do, what need of many?  [Let 

Lucas examine the experiments given.]  For if any of those be demonstrative, they will need no 

assistants nor leave room for further disputing about what they demonstrate.  The main thing he 

goes about to examin is ye different refrangibility of light.  And this I demonstrated by ye Experimentum 

Crucis.  Now if this demonstration be good, there needs no further examination of ye thing; if not 

good ye fault of it is to be shewn, for ye only way to examin a demonstrated proposition is to 

examin ye demonstration (Newton, 1959-1977: Vol. 2, 79-80). 

I now suggest that the kind of certainty Newton claimed for his first principle can be 

characterised as ‘compelled assent’.84  Newton thought the conclusion to which he was 

compelled by the evidence is undeniable.  No rational person, having carried out the 

experiment correctly, could deny the conclusion.  This caused Newton to write: “And so 

                                                 

84 This phrase comes from Barbara Shapiro’s book Probability and Certainty in Seventeenth-Century England 

(Shapiro, 1983: 29). 



 

 63 

the true cause … was detected to be no other then that Light consists of Rays differently 

refrangible…” (Newton, 1959-1977: Vol. 1, 95).  And to Hooke, Newton wrote: 

And that this whitenesse is produced onely by a successive intermixture of the colours without their 

being assimilated or reduced to any uniformity, is certainly beyond all possibility of doubting… 

(Newton, 1959-1977: Vol. 1, 182-183). 

So, as far as Newton’s was concerned, the experimentum crucis did not provide ‘mere’ 

empirical support; it proved that the “true cause” could be “no other” than the one he had 

identified (Newton, 1999: 95).  It compelled him to an undeniable conclusion. ‘Compelled 

assent’ is a stronger kind of certainty than ‘moral certainty’, not as strong as absolute 

certainty, but as we have seen, it was strong enough to be pretty outrageous to his 

contemporaries. 

2.3 The Method of Hypotheses 

In chapter 1, we saw that the Baconian experimental philosophers denigrated theory- or 

hypothesis-building prior to completing a natural history.  Newton, however, took the 

terms ‘theory’ and ‘hypothesis’, and used them to draw a distinction that was crucial to 

his methodology: the distinction between propositions that were certain and propositions 

that were uncertain.  The former became ‘theories’, and the latter ‘hypotheses’.  In this 

section, I give an account of Newton’s theory-hypothesis distinction.  I argue that 

Newton employed consistent, implicit definitions of ‘theory’ and ‘hypothesis’, and that 

he assigned hypotheses a distinctive and vital supporting role to theories.  Then I 

examine Newton’s 1675 Hypothesis paper, and show that he followed his own method of 

hypotheses. 

2.3.1 Newton’s theory-hypothesis distinction 

In his first paper, Newton put forward a theory and a hypothesis.  The theory concerned the 

composition of white light.  It claimed that colour and refrangibility are original 

properties of light, and white light is a heterogeneous mixture of light rays (see table 2.3 

below for the completed theory).  The hypothesis concerned the nature of light.  It 

claimed that light is corpuscular.  Newton provided evidence (including the experimentum 

crucis) and arguments for his theory, claiming that the theory was certainly true.  In 

contrast, he merely suggested the hypothesis, and provided a brief account of its 

plausibility. 
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Def 1 Rays of light that are equally refrangible are called ‘homogeneal’, ‘similar’ or ‘uniform’. 

Def 2 Rays of light that are unequally refrangible are called ‘heterogeneal’. 

Note: Rays of light that agree in refrangibility also agree in reflexivity and colour. 

Def 3 Colours exhibited by homogeneal rays are called ‘simple’ or ‘homogeneal’. 

Def 4 Colours exhibited by heterogeneous rays are called ‘compound’ or ‘heterogeneal’. 

Def 5 All intermediate colours, including all minute gradations, are different colours. 

Prop 1 Sunlight consists of rays differing by indefinite degrees of refrangibility (by experiment). 

Prop 2 When separated by refraction, rays that differ in refrangibility also differ proportionally in 

colour (by experiment). 

Prop 3 There are as many simple or homogeneal colours as degrees of refrangibility (from ‘Note’ 

& Def 5).  To every degree of refrangibility belongs a different colour (from Prop 2). And 

the original colour of a ray is ‘simple’ (from Def 1 & Def 3 & Prop 3b). 

Prop 4 White light that resembles sunlight or ordinary white objects cannot be composed of just 

two simple colours (from Def 1, Def 3 & Prop 1). 

Prop 5 White light that resembles sunlight must be composed of an indefinite variety of simple 

colours (from Def 1, Def 3 & Prop 1). 

Prop 6 Individual rays do not interact, in passing through the same medium (by experiment) 

Prop 7 The qualities of individual rays of light do not change by refraction (by experiment). 

Prop 8 The qualities of individual rays and heterogenous mixtures of light do not change in a 

homogeneous medium (from Prop 6). 

Prop 9 When refracted, compound light separates into the original colours from which it was 

composed, and no others (from Prop 7 & Prop 8). 

Prop 10 Sunlight is a composed of an indefinite variety of simple colours (from Prop 1, Prop 3 & 

Prop 9) 

 Newton’s theory of light (as presented in June 1673)85 

In the optical debate, Newton’s critics held him to account for both the theory and 

the hypothesis.  Newton’s response was to draw a distinction between theory and 

hypothesis, which addressed both content and function.  In this section, I shall examine 

these criticisms made by Hooke, Pardies and Huygens, and Newton’s responses to them. 

Firstly, consider Hooke.  We have already seen that Hooke objected to Newton’s 

theory on the grounds that he did not think it was certainly true.  Another of Hooke’s 

objections concerned Newton’s corpuscular hypothesis: Hooke argued that it is not the 

                                                 

85 (Newton, 1959-1977: Vol. 1, 292-294) 
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only possible explanation of the phenomena.  He insisted that other hypotheses, while 

incompatible with both Newton’s hypothesis and his theory, could fit the observed facts 

just as well: 

I doe not therefore see any absolute necessity to beleive his theory demonstrated, since I can assure 

Mr Newton I cannot only salve all the Phænomena of Light and colours by the Hypothesis, I have 

formerly printed and now explicate yt by, but by two or three other, very differing from it, and 

from this, which he hath described in his Ingenious Discourse (Newton, 1959-1977: Vol. 1, 113). 

Newton’s first response was to deny that he had asserted the corpuscular hypothesis.  

To make this point, Newton drew a distinction between asserting a proposition as true and 

tentatively suggesting a proposition as a possible explanation.  Newton argued that his theory 

and his hypothesis have different epistemic status: while his theory is certain, his 

hypothesis is uncertain – plausible, at best.  Therefore, he was only justified in asserting his 

theory, and so had not asserted the corpuscular hypothesis with any sort of 

“positiveness” (Newton, 1959-1977: Vol. 1, 174-175). 

One reason for his lack of certainty regarding his hypothesis, Newton explained, was 

that he agreed with Hooke that many other hypotheses could accommodate the 

evidence: 

I knew that the Properties wch I declared of light were in some measure capable of being explicated 

not onely by that, but by many other Mechanicall Hypotheses (Newton, 1959-1977: Vol. 1, 174). 

For this reason, Newton tried to focus only on the observable, measurable properties of 

light: 

considering it abstractedly as something or other propagated every way in streight lines from 

luminous bodies, without determining what that thing is (Newton, 1959-1977: Vol. 1, 174). 

Here we learn that, for Newton, theories and hypotheses have different jurisdictions.  

Theories explain the properties of light; hypotheses explain the nature of light.  Newton 

did not think he needed to provide any hypothesis to supplement his theory.  His theory 

(which was certainly true) was a sufficient explanation of the observable, measurable 

properties of light.  He wrote: “I do not think it needful to explicate my Doctrine by any 

Hypothesis at all” (Newton, 1959-1977: Vol. 1, 177).  So, if hypotheses have any role in 

scientific theorising, it is a subordinate role.  Newton thought Hooke was wrong to insist 
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that his new theory be brought into line with a mere hypothesis – hypotheses can be 

manipulated to fit the theory and the experimental facts.86 

This interpretation is supported by Newton’s correspondence with Pardies.  Pardies 

made the mistake of referring to Newton’s new theory as a ‘hypothesis’ (e.g. “Legi 

ingeniosissimam Hypothesin de Lumine et Coloribus Clarissimi Newtoni” (Newton, 1959-1977: 

Vol. 1, 130)).  This unintentional slight on Newton’s new theory led to an informative 

discussion of Newton’s theory-hypothesis distinction.  Newton explained that it had not 

been his intention to put forward a hypothesis.  Rather, he had only considered particular 

properties of light, which having been discovered, would not be difficult to demonstrate 

(“quas jam inventas probare haud difficile” (Newton, 1959-1977: Vol. 1, 142)).  Moreover, he 

explained, if he did not know them to be true (“si non vera esse cognoscerem” (Newton, 1959-

1977: Vol. 1, 142)), he would not have even acknowledged them as his hypotheses (“pro 

meâ Hypothesi agnoscere” (Newton, 1959-1977: Vol. 1, 142)).  Rather, he would have chosen 

to reject them as worthless and empty speculation (“pro futili et inani speculation mallem 

repudiare” (Newton, 1959-1977: Vol. 1, 142)).87 

Finally, Newton made similar claims in his correspondence with Huygens, who 

objected to Newton’s method of hypothesis-avoidance.  Huygens argued that Newton’s 

theory was incomplete without a hypothesis.  For, without a mechanical explanation of 

the nature of light and colours, Newton had not taught us about the nature and 

difference of colours, but only the accident of their different refrangibility (Newton, 

1959-1977: Vol. 1, 256). 

Newton replied to this objection by clarifying the aim of his inquiry, and how this 

related to his theory-hypothesis distinction.  Newton’s aim was to explain, with rigour 

and certainty, the properties of light, not to speculate over the nature of light: 

                                                 

86 Hooke’s comment to Lord Brouncker (c. June 1672) shows that Hooke did not buy Newton’s 

response to his objection.  He wrote: 

I see noe reason why Mr. N. should make soe confident a conclusion that he to whome he writ did see how much it was 

besides the busness in hand to Dispute about hypotheses.  for I judge there is noething conduces soe much to the 

advancement of Philosophy as the examining of hypotheses by experiments & the inquiry into Experiments by hypotheses.  

and I have the Authority of the Incomparable Verulam to warrant me (Newton, 1959-1977: Vol. 1, 202). 

87 In his reply, Pardies wrote that he accepted what Newton had said about the use of the term 

‘hypothesis’.  He said he had meant no disrespect by the term (“velim ut ne per contemptum adhibitam vocem 

ejusmodi existimet” (Newton, 1959-1977: Vol. 1, 158)).  He had simply used the first term that claim to mind. 
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But to examine how colours may be thus explained Hypothetically is besides my purpose.  I never 

intended to show wherein consists the nature and difference of colours, but onely to show that de 

facto they are originall & immutable qualities of the rays wch exhibit them (Newton, 1959-1977: Vol. 

1, 264). 

Newton dismissed the problem of explaining the nature of light.  He said he was happy 

to leave this kind of speculation to others, who may explain these properties by a 

mechanical hypothesis (“which I take to be no very difficult matter” (Newton, 1959-

1977: Vol. 1, 264)). 

From Newton’s correspondence with Hooke, Pardies and Huygens, we have learned 

the following things about Newton’s distinction between theory and hypothesis.  

Theories describe the observable, measurable properties of things; hypotheses describe 

the nature of things.  Theories are limited in that only one can fit the facts; hypotheses 

are numerous – many can fit the facts.  Theories are certain; hypotheses uncertain.  I am 

now in a position to provide definitions of ‘theory’ and ‘hypothesis’. 

For Newton, a proposition is a ‘theory’ iff it meets the following conditions: 

T1. It is certainly true, because it is reliably inferred from experiment; 

T2. It is experimental – something that has empirically testable consequences; and 

T3. It is concerned with the observable, measurable properties of the thing, rather than its 

nature. 

In contrast, a proposition is a ‘hypothesis’ iff it meets one or more of the following 

conditions: 

H1. It is, at best, only highly probable; or 

H2. It is a conjecture or speculation – something not based on empirical evidence; or 

H3. It is concerned with the nature of the thing, rather than its observable, measurable 

properties. 

There are a few things to notice about these definitions.  Firstly, the conditions 

doing most of the work are T1 and H1.  These are strong epistemic requirements.  T2 

and T3 might be considered corollaries of T1, but I have stated them here as separate 

conditions, because I think it is useful for our discussion.  On Newton’s view, his new 

theory meets T2 – we can see this from the final two experiments discussed by Newton 

in his first paper.  It also meets T3 – we can see this in the contrast between Newton’s 
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new theory and the corpuscular hypothesis.  Secondly, the definition of ‘hypothesis’ is 

disjunctive.  Any one criterion on its own is a sufficient condition for calling something a 

hypothesis.  This does not preclude the possibility of a hypothesis meeting more than 

one criterion.  It is possible for a hypothesis to meet all three (for example, as we have 

seen, Newton’s corpuscular hypothesis meets H1, H2 and H3).  Thirdly, a proposition 

meets the definition of ‘hypothesis’ if it fails to meet one criterion for ‘theory’.  So, in a 

very broad sense, propositions may be divided into theories and hypotheses.88 

One might object that the definition of ‘hypothesis’ is too broad to fit with Newton’s 

usage of the term, and that the definition ought to be conjunctive, rather than 

disjunctive.  It is true that in the early optical debate Newton applied the term most often 

to propositions that meet all three conditions for ‘hypothesis’.  However, I argue that he 

used the term more broadly, to describe propositions that did not meet all three.  For 

example, Newton only used the term ‘hypothesis’ twice in his first paper.  The first time 

he used it to refer to the law of refraction.  This is not an H3-hypothesis.  Rather, 

Newton was using the term ‘hypothesis’ to describe a proposition that is only highly 

probable, rather than certainly (or precisely) true: 

But because this computation was founded on the Hypothesis of the proportionality of the sines of 

Incidence, and Refraction, which though by my own & others Experience I could not imagine to be 

so erroneous, as to make that Angle but 31', which in reality was 2 deg. 49'; yet my curiosity caused 

me again to take my Prisme (Newton, 1959-1977: Vol. 1, 93). 

The second time, he argued that his theory was not a hypothesis.  Again, he was not 

talking about H3-hypotheses, but contrasting ‘hypothesis’ with ‘rigid consequence’.  In 

this case, Newton was using the term ‘hypothesis’ to describe a proposition that had 

been acquired via speculative conjecture, rather than reliably inferred from well-founded 

evidence: 

For what I shall tell concerning them is not an Hypothesis but most rigid consequence, not 

conjectured by barely inferring ’tis thus because not otherwise or because it satisfies all Phænomena 

(the Philosophers universall Topick,) but evinced by ye mediation of experiments concluding 

directly & wthout any suspicion of doubt (Newton, 1959-1977: Vol. 1, 96). 

                                                 

88 I mean ‘proposition’ in the sense of a sentence expressing something true or false, rather than in the 

mathematical sense used by Newton in the Principia. 
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It was only during the debate that Newton used ‘hypothesis’ in a third way, to refer to 

H3-hypotheses.  Where theories explain observable measurable properties, hypotheses 

explain the causes of those properties by describing the nature of phenomena.  This 

suggests that Newton was distinguishing between two notions, or levels, of explanation, 

which roughly amounted to explanation at the level of observable physical properties, 

and explanation at the level of unobservable physical entities.  So Newton’s theory of light 

concerned his observations that rays of light refract in consistent, quantifiable and 

measurable ways; his hypothesis of light concerned his speculations that these observable 

properties of light are caused by corpuscles that are individually unobservable moving 

through an æthereal medium. 

It has often been assumed that Newton was advocating a wholesale rejection of 

hypotheses.  But this was certainly not the case in these early optical papers.  During the 

debate following the publication of Newton’s first paper, he elaborated on his 

methodology.  In the next section, I consider what Newton says about the correct usage 

of hypotheses in natural philosophy.  It turns out that hypotheses had an important role 

in Newton’s early methodology. 

2.3.2 The role of hypotheses 

The most detailed account of Newton’s method of hypotheses is found in Newton’s 

second letter to Pardies.  Pardies argued that Newton’s theory was not the only possible 

explanation for the phenomenon (“nam aliundè videtur posse redid ratio illius phaenomeni absque 

ista variâ Radiorum Refrangibilitate” (Newton, 1959-1977: Vol. 1, 157)).  In particular, he 

suggested Grimaldi’s,89 Hooke’s and his own hypotheses as possible alternative 

explanations.  Pardies’ suggestion, that the properties of light identified by Newton’s 

experiments could be explained by alternative hypotheses, prompted Newton to give a 

much longer explanation of his theory-hypothesis distinction.  It is worth quoting this 

passage in extenso: 

In answer to this it is to be observed that that Doctrine which I have explicated about Refraction 

and Colours consists only in certain properties of light, without regarding hypotheses through 

which those properties need to be explicated.  For it seems that the best and safest method of 

philosophising is, first that we inquire carefully into the properties of things and establish them 

                                                 

89 Francesco Maria Grimaldi, a Jesuit Scholar, was the author of Physicomathesis de lumine, coloribus, et 

iride, aliisque annexis (published in 1665). 
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through experiment; then more slowly that we seek hypotheses for the explication of them.  For 

hypotheses ought to be brought forward only to explicate the properties of things, and not to be 

(unlawfully) assumed in determining them, unless insofar as they may provide experiments.  And if 

anyone may conjecture, from the basis of the possibility of the hypothesis, about the truth of 

things, I see not how anyone can determine certainty in any science; since numerous other 

Hypotheses always can be invented, which will seem to overcome new difficulties.  And for this 

reason, I place aside improper arguments from the contemplation of hypotheses, this avoidance 

having been thought necessary, and the force of the objection to be abstracted, so that a fuller and 

more general answer may be received (Newton, 1959-1977: Vol. 1, 164 – my translation). 

Here, Newton was explaining that there are several steps in his method of natural 

philosophy.  These steps must be carried out in the correct order, so that certainty can be 

achieved and maintained: 

1. Investigate the observable, measurable properties of things; 

2. Establish (or confirm) them by experiment; and 

3. Employ hypotheses to explicate those properties. 

With regard to step three, Newton said that, after establishing the properties of light by 

experiments of this kind, hypotheses were to be judged (“Hypotheses exinde dijudicandae 

sunt” (Newton, 1959-1977: Vol. 1, 167)), and those which did not fit the evidence should 

be rejected.  But, he pointed out, it is a trivial business (“levissimi negtij est” (Newton, 1959-

1977: Vol. 1, 167)) to accommodate hypotheses to this doctrine (“accommodare Hypotheses 

ad hanc Doctrinam” (Newton, 1959-1977: Vol. 1, 167)).  He argued that Descartes’ and 

Hooke’s hypotheses of light might easily be altered to accommodate his theory. 

There are several things to notice from this discussion.  Firstly, the hypotheses 

Newton probably had in mind, when writing this passage, were those that went beyond 

the known properties of the explanandum.  So, they were probably the hypotheses that 

met condition H3,90 since these were the hypotheses that explicate the known properties 

by proposing some underlying causal mechanism.  Secondly, Newton never mentioned 

                                                 

90 This distinction between H3- and non-H3-hypotheses is not the same as Shapiro’s distinction 

between ‘imaginary hypotheses’, “which are based on no empirical evidence and are totally fictitious” 

(Shapiro, 1993: 13) and ‘experimental hypotheses’, “which have some experimental foundation but not 

enough to be judged demonstrated principles” (Shapiro, 1993: 13).  For one thing, Shapiro’s distinction is 

such that only the ‘experimental hypotheses’ have a role in Newton’s methodology, whereas on my 

distinction, both kinds of hypotheses potentially have a role. 
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the testing or confirmation of hypotheses.  Hypotheses should fit the known facts, but 

their ability to accommodate the empirical evidence does not give them any credence.  

This is because Newton thought that hypotheses concerning the nature of things may be 

underdetermined by the evidence.  So Newton argued that one should give no credence 

to any particular hypothesis.  Theories explaining observable, measurable properties, by 

contrast, can be certain, if they are obtained in the correct manner. 

From Newton’s correspondence with Hooke, Pardies and Huygens, we have seen 

that he thought that hypotheses might be useful to explicate the properties of things.  By 

explicating the properties of things, hypotheses could perform two functions.  A 

hypothesis might function, as the subordinate premise in conjunction with a theory, to 

make an experimental prediction – that is, to suggest an experiment.  But it shall not 

function as evidence.  That is, a hypothesis cannot provide any independent support for 

one theory or explanation over another.  Another function was to ‘illustrate’ the theory.  

This involved telling a story about the underlying mechanism, in order to make the 

theory easier to grasp, on the understanding that the story is entirely fictional.  Such 

hypotheses were not to be given any credence.  This suggests that there were two roles 

for hypotheses in Newton’s early methodology: 

1. To suggest experiments; and 

2. To illustrate the theory. 

In the next section, I shall consider Newton’s ‘hypothesis of light’, which provides a nice 

example of the roles for hypotheses in his methodology. 

2.3.3 Newton’s Hypothesis – a case study 

We have seen that Newton’s opponents spotted the corpuscular hypothesis straight 

away.  On the face of it, Newton’s speculations on the nature of light might seem to go 

against his claims of certainty, but we have seen that Newton had developed a 

methodology that allowed for hypotheses to perform particular roles that supported the 

aim of certainty.  Newton’s corpuscular hypothesis provides a good example of the role 

of hypotheses in his methodology.  We shall see that firstly, Newton followed his three-

step methodology: only developing his hypothesis when he had (1) investigated the 

observable, measurable properties of light and (2) established them by experiment.  

Secondly, Newton used this hypothesis both to illustrate his theory of light and to 

suggest experiments.  Thirdly, Newton (at least ostensibly) remained detached from this 
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hypothesis, never asserting its truth, nor using it to confirm or support his theory.  

Newton was also careful to keep his hypotheses well separate from his theory.  In the 

Discourse, he described a series of observations that were supposed to provide additional 

support for his theory.  These observations contained no reference to his hypotheses at 

all. 

On 7 December 1675, Newton sent a package to Oldenburg containing ‘An 

Hypothesis explaining the Properties of Light discoursed of in my severall Papers’, a ‘Discourse of 

Observations’, and a cover letter.  In the cover letter, Newton made a disclaimer: 

I had formerly purposed never to write any Hypotheses of light & colours, fearing it might be a 

means to ingage me in vain disputes: but I hope a declar’d resolution to answer nothing that looks 

like a controversy (unles possibly at my own time upon some other by occasion) may defend me 

from yt fear.  And therefore considering that such an Hypothesis would much illustrate ye papers I 

promis’d to send you, & having a little time this week to spare: I have not scrupled to describe one 

so far as I could on a sudden recollect my thoughts about it, not concerning my self whether it shall 

be thought probable or improbable so it do but render ye papers I send you, and others sent 

formerly, more intelligible (Newton, 1959-1977: Vol. 1, 361). 

From this passage, we can see Newton’s ambivalence regarding his hypothesis.  On the 

one hand, he was reluctant to publish it because he did not want to spend time and 

energy on disputes about the nature of light, which he regarded as a ‘vain’ dispute.  But 

on the other hand, he thought that ‘illustrating’ his theory with a hypothesis might make 

it more intelligible.  So this might be a good reason to publish it – it might lead to the 

acceptance of his theory. 

Newton presented this paper as an extension of his response to Hooke: 

In my Answer to Mr Hook you may remember I had occasion to say something of Hypotheses, 

where I gave a Reason, why all allowable Hypotheses in their genuine constitution should be 

conformable to my Theories […] (Newton, 1959-1977: Vol. 1, 362) 

He said he could probably make Hooke’s hypothesis accommodate the phenomena and, 

hence, fit his new theory, “But yet I like another Hypothesis better” (Newton, 1959-

1977: Vol. 1, 363). 

From the outset, we can see that Newton was careful to remain detached from his 

hypothesis.  He insisted that the discussion was only for the purposes of illuminating his 

theory.  He said: 
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I have observed the heads of some great virtuoso’s to run much upon Hypotheses, as if my 

discourses wanted an Hypothesis to explain them by, & found that some when I could not make 

them take my meaning, when I spake of the nature of light & colours abstractedly, have readily 

apprehended it when I illustrated my Discourse by an Hypothesis […] (Newton, 1959-1977: Vol. 1, 

363) 

Moreover, Newton insisted that he was not asserting that this hypothesis is true, nor 

using it to support his theory.  He said, “Were I to assume an Hypothesis it should be 

this […]” (Newton, 1959-1977: Vol. 1, 363).  All these qualifications suggested that 

Newton wanted to consider this hypothesis purely instrumentally. 

The account Newton laid down in this paper is composed of six hypotheses: 

1. There is an ‘æthereal medium’, which is similar to air, but rarer, more penetrating 

and more strongly elastic (Newton, 1959-1977: Vol. 1, 364). 

2. Æther vibrates, carrying sounds, smells and light.  While the vibrations differ in size, 

they are on the whole (much) smaller and swifter than the vibrations of air (Newton, 

1959-1977: Vol. 1, 366). 

3. Æther penetrates and passes through the pores of solid substances such as crystal, 

glass and water.  But æther is less dense within the pores than without (Newton, 

1959-1977: Vol. 1, 366-367). 

4. Light is neither the æther itself, nor the vibrations, but a substance that is propagated 

from ‘lucid’ bodies and travels through the æther (Newton, 1959-1977: Vol. 1, 370). 

5. Light warms the æther and the æther refracts the light.  Thus, the mutual action of 

light on æther, and æther on light, explains how light is reflected and refracted 

(Newton, 1959-1977: Vol. 1, 371). 

6. The rays (or bodies) of which light consists differ from one another physically.  

These physical differences are unchangeable and cause the rays to be different 

colours.  This explains how it happens that colour and refrangibility are 

unchangeable properties of light (Newton, 1959-1977: Vol. 1, 376). 

The support Newton offered for these hypotheses was of a different kind to that which 

he offered in his first paper for his new theory.  He drew on various experiments and 

observations, which made the hypotheses plausible, either by analogy, direct empirical 

support, or by demonstrating explanatory power. 

To support (1), he argued that, in a vacuum (“a glasse exhausted of Air” (Newton, 

1959-1977: Vol. 1, 364)), a pendulum would slow almost as quickly as it does in air.  This 
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suggests that æther causes a considerable amount of friction.  But he thought that the 

more convincing support for æther came from “electric effluvia”, which he had observed 

under experimental conditions (Newton, 1959-1977: Vol. 1, 364).  Newton described an 

experiment involving glass and little pieces of paper.  Using friction, he created static 

electricity in the glass, and caused the paper to dance around.91  This led him to suggest 

that everything originates from æther. 

In his discussion of (2), Newton argued from analogy.  Just as “in a ring of Bells the 

sound of every tone is heard at two or three miles distance, in the Same Order that the 

bells are Stroke”, it was possible for æthereal vibrations to vary in size but not speed 

(Newton, 1959-1977: Vol. 1, 366).  He also suggested that such vibrations might explain 

many other things: 

Now these Vibrations, beside their use in reflexion & refraction, may be Supposed the cheif 

meanes, by wch the parts of fermenting or putrifieing Substances, fluid Liquors, or melted burning 

or other hott bodyes continue in motion, are shaken asunder like a Ship by waves, & dissipated into 

vapours, exhalations, or Smoake, & Light loosed or excited in those bodyes, & consequently by wch 

a Body becomes a burning coale, & Smoake, flame, & I suppose, flame is nothing by the particles 

or Smoake turned but the access of Light & heat to burning Coles little & innumerable (Newton, 

1959-1977: Vol. 1, 366). 

In his discussion of (3), Newton described the phenomenon of air permeating the 

pores of small glass pipes, noting that when the hole is larger, more air gets in.  He 

reasoned that æther probably acts in a similar way (Newton, 1959-1977: Vol. 1, 366).  He 

then went on to enumerate the questions that this concept might answer.  For example, 

why is wine more strongly refracting than water?  What causes surface tension (“the 

cohæsion of the parts of Solids & Fluids” (Newton, 1959-1977: Vol. 1, 367))?  And what 

causes the muscles of animals to contract and dilate, causing motion?  Of the latter, he 

said: 

To vary the compression of the muscle therefore & So to Swell & Shrink it, there needs nothing 

but to change the consistence of the included Æther, & a very little change may suffice, if the 

Spring of æther be supposed very strong, as I take it to be many degrees stronger then that of Air 

(Newton, 1959-1977: Vol. 1, 367). 

                                                 

91 This experiment caused considerable excitement at the meeting of the Royal Society, and Hooke 

was asked to prepare the experiment to be tried at the next meeting (Birch, 1757: 260). 
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Finally, Newton speculated at length on the ways in which æther might interact with the 

soul (Newton, 1959-1977: Vol. 1, 368-370).  This discussion demonstrated the 

explanatory power of this hypothesis. 

Hypotheses (1), (2) and (3) were fairly uncontroversial, but (4) was another matter 

entirely.  As we have seen, Newton had already encountered a lot of opposition to his 

corpuscular hypothesis.  And so, when he introduced (4), Newton was careful not to 

push too forcefully for any particular account of light.  He said one might suppose light 

to be “an aggregate of various peripatetic qualities”, or “unimaginably small and swift” 

corpuscles of various sizes, or “any other corporeal emanation or impulse or motion of 

any other medium diffused through the body of the æther” (Newton, 1959-1977: Vol. 1, 

370).  In short, we may suppose light to be anything whatsoever, as long as it fits the 

observable, measurable properties of light: 

Onely whatever Light be, I would suppose, it consists of Successive rayes differing from one 

another in contingent circumstances, as bignes, forme or vigour […]  And further I would suppose 

it divers from the vibrations of the æther (Newton, 1959-1977: Vol. 1, 370). 

To support (4), Newton introduced his work on the colours produced by thin films 

of air, water and glass.  This is the phenomenon now known as ‘Newton’s rings’.92  

Newton had noticed that, when two glass objects (e.g. prisms or lenses) are pressed 

together, colours appear in concentric rings.  He was struck by the arithmetical regularity 

of the patterns of colours.  These seemed to be a function of the thickness of the film, 

i.e. the wideness of the gap between the two glass surfaces (see figure 2.5 below) 

(Newton, 1959-1977: Vol. 1, 370).  Newton argued that the most plausible explanation of 

this phenomenon was that light was a substance propagated through æthereal vibrations 

(Newton, 1959-1977: Vol. 1, 371).93 

                                                 

92 As we shall see, this work was very important for Newton.  This is the topic of the Discourse, and 

also the main topic of the Opticks, book 2 (discussed in chapter 3).  Newton first mentioned his work on 

this topic in a letter to Oldenburg on 21 May 1672 (Newton, 1959-1977: Vol. 1, 160). 

93 Newton provided this same explanation as a hypothesis in the Opticks book 2 (see chapter 3). 
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Figure 2.5 Diagrams of Newton’s rings94 

In his discussion of (5), Newton argued that the denser the æther, the more strongly 

it acts on the light, causing it to bend.  So in a medium of gradually increasing density, 

the ray will curve because it will be pressed more on one side than the other.  To support 

this claim, Newton discussed one of Hooke’s experiments from Micrographia, which 

examined light transmitted through a body of water that gradually becomes saltier 

towards the bottom, and found that the light curved: 

On this ground, if a ray move obliquely through such an unevenly dense Medium […] it must be 

incurved, as it is found to be by Observation in water, whose lower parts were made gradually more 

salt & so more dense then the upper.  And this may be the ground of all refraction & reflexion 

(Newton, 1959-1977: Vol. 1, 371). 

This led him to argue that the refracting surface of æther between two unequally dense 

mediums is not a mathematical line, but a physical one.  It has breadth and has 

intermediate degrees of density.  Thus, refracting surfaces cannot be analysed as 

mathematical lines (Newton, 1959-1977: Vol. 1, 371). 

Newton then went on to show how this hypothesis might explain other optical 

phenomena, for example, the fact that some rays are reflected and some refracted, even 

                                                 

94 (Newton, 1959-1977: Vol 1, 379) 
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though they have the same angle of incidence (Newton, 1959-1977: Vol. 1, 374).  

Newton also used æther to explain how reflecting and refracting surfaces are smooth and 

even, and hence reflections are regular (Newton, 1959-1977: Vol. 1, 375). 

Newton then discussed colours.  He considered how (6) might be used to explain 

colour perception (Newton, 1959-1977: Vol. 1, 376).  To develop his account of colours, 

Newton relied heavily on an analogy with harmonics in sound.  Arguing that the 

“principall Degrees” of colour – red, orange, yellow, green, blue, indigo and violet – may 

be proportional in the same way as musical tones (Newton, 1959-1977: Vol. 1, 376).  To 

establish the intervals between the colours on the spectrum, he projected a spectrum 

onto a piece of white paper using a prism.  He held the paper while an assistant marked 

the parts of the image where each colour was “most full & brisk, & also where he judged 

the truest confines of them to be” (Newton, 1959-1977: Vol. 1, 376).95  He attached a 

figure (see figure 2.6 below) to show the analogy between tones of colour and sound. 

 

Figure 2.6 Newton’s spectrum demonstrating analogy between harmonics of colour and sound 96 

                                                 

95 Newton explained that he employed an assistant to make the judgements “partly because my owne 

eyes are not very criticall in distinguishing colours, partly because another, to whome I had not 

communicated my thoughts about this matter, could have nothing by his eyes to determin his fancy in 

makeing those marks” (Newton, 1959-1977: Vol. 1, 376). 

96 (Newton, 1959-1977: Vol 1., 376) 
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Newton concluded the paper with a discussion of the coloured rings.  He carefully 

described the phenomena (having made careful observations which are also the topic of 

the Discourse).  Once Newton had quantified the phenomena, he then showed how he 

could explain them by his hypotheses.  According to (2) the vibrations of the æther vary 

in size, according to (3) æther passes through the pores of solid substances, and 

according to (6) rays of different colours will cause æthereal vibrations of different sizes.  

And so, by these hypotheses, light of a particular colour will be reflected either when the 

length of the vibration, or some multiple of the length of the vibration, matches the 

thickness of the film, and transmitted otherwise. 

We have seen that in this paper, Newton provided two kinds of support for his 

hypotheses.  Firstly, he explicated the hypotheses by analogy with observations and 

experiments.  Secondly, he demonstrated their explanatory power.  None of the support 

offered was supposed to increase the epistemic status of the hypotheses.  Rather, it was 

supposed to demonstrate their plausibility.  Despite the length and detail of the paper, it 

is clear that Newton did not intend to support the hypotheses as certainly true.  He made 

it clear that his intention was simply to illustrate his theory by way of hypotheses, to 

make it easier to understand 

It is significant that Newton’s Discourse was sent as a separate paper.  The Discourse 

provided twenty-four observations on the colours of thin plates, which he used to 

construct a series of graphs and tables, which showed how the size, colour and intensity 

of a ring are related to the thickness and relative density of the refracting medium.  These 

observational results were supposed to provide the basis for theorising.97 

2.3.4 Summary 

A fundamental distinction in Newton’s early methodology was between theories and 

hypotheses.  According to Newton, theories are certain and hypotheses are uncertain.  In 

this section, I have gleaned contrasting definitions of ‘theory’ and ‘hypothesis’ from 

Newton’s discussion and usage of the terms.  We have seen that hypotheses played a 

specific supporting role in Newton’s quest for theories that were certainly true.  Correct 

usage of a hypothesis involved using it for one of two specific purposes: either to suggest 

                                                 

97 I discuss this in more detail in chapter 3. 



 

 79 

some experiments that would provide clearer insight into the phenomena, or to illustrate 

the theory, thus making it less abstract and easier to understand. 

An important feature of these supporting roles is that the epistemic status of a 

hypothesis was not the issue.  Newton noted that hypotheses were underdetermined by 

the evidence.  For this reason, it was not possible to establish the truth of one hypothesis 

above all the others fitting the same evidence.  Therefore, hypotheses had little value in 

their own right, and were to be employed only insofar as they could facilitate the 

development and justification of the theory.  Moreover, they were only to be introduced 

in such a way that they would not directly influence the epistemic status of a theory.  To 

put a modern spin on this point, a hypothesis was not to be treated as evidence to be 

taken into account when updating the credence value of a theory.  A hypothesis could 

only support a theory in two ways: firstly, by helping to discover some new empirical 

evidence that might, in turn, raise the credence value of the theory; and secondly, by 

increasing the conceivability of the theory.  Thus, hypotheses were to be treated as 

temporary scaffolding: they were to be separated from the final presentation of the 

theory.  This means that hypotheses had a purely instrumental role in Newton’s 

methodology. 

We have seen that Newton employed his method of hypotheses in his Hypothesis 

paper.  In this paper, Newton stated six hypotheses concerning the nature of light and 

colours.  He provided two kinds of support for them.  Firstly, he explicated the 

hypotheses by analogy with observations and experiments.  Secondly, he demonstrated 

their explanatory power.  None of the support offered was supposed to increase the 

epistemic status of the hypotheses.  Rather, it was supposed to demonstrate their 

plausibility.  Despite the length and detail of the paper, it is clear that Newton did not 

intend to support the hypotheses as certainly true.  He made it clear that his intention 

was simply to illustrate his theory by way of hypotheses, to make it easier to understand.  

Finally, it is significant that his Discourse was included as a separate paper, in which 

Newton offered observations on the colours of thin plates.  His observational results 

were supposed to provide the basis for theorising. 

So in his Hypothesis and Discourse papers, Newton was following his own 

methodology.  Newton always recommended epistemic caution: we must not give 

credence to hypotheses.  This overarching rule was nicely summarised by Newton in his 
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first paper, when he said: “I shall not mingle conjectures with certainties” (Newton, 

1959-1977: Vol. 1, 100). 

2.4 Queries 

During the early optical debate, Newton introduced queries.  In chapter 1, we saw that 

queries had a prominent role in the Baconian experimental philosophy that was popular 

with the Royal Society.  In this section, we shall see that Newton employed queries in a 

way that was related, but not identical, to the Baconian approach.  In Baconian 

experimental philosophy, queries served to direct the inquiry and define its scope.  To 

this end, queries tended to be stated in advance – prior to experiment and theorising.  

Firstly, I examine Newton’s use of queries in his correspondence with Hooke and 

Huygens, and his ‘Queries’ paper – his letter to Oldenburg (1672) in which he gave an 

account of queries as a method of theory-testing.  Then, I give an account of Newton’s 

‘method of queries’. 

2.4.1 Using queries to steer the debate 

In this section, I examine Newton’s use of queries in his correspondence with Hooke 

and Huygens, and then his ‘Queries’ paper.  We shall see that Newton used queries in 

two related ways: to defend his theory against competing explanations; and to establish 

empirical support for his theory. 

Newton introduced queries in his correspondence with Hooke and Huygens.  In his 

correspondence with Hooke, Newton employed queries to tease out the empirical 

consequences of his hypothesis, and to clarify the precise points of disagreement.98  He 

said: 

I shall now in the last place proceed to abstract the difficulties involved in Mr Hooks discourse, & 

without having regard to any Hypothesis consider them in general termes.  And they may be 

reduced to these three Queries.  Whether the unequal refractions made without respect to any 

inequality of incidence, be caused by the different refrangibility of several rays, or by the splitting 

breaking or dissipating the same ray into diverging parts; Whether there be more then two sorts of 

colours; & whether whitenesse be a mixture of all colours (Newton, 1959-1977: Vol. 1, 177-178). 

                                                 

98 This was Newton’s first public use of queries, although, as we saw in chapter 1, Newton employed 

queries as early as 1664 in his private notebooks. 
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Newton’s object, in introducing these queries was to steer the discussion towards the 

empirical consequences of Hooke’s hypothesis.  In this way, he could avoid disputes 

about the nature of light, and focus instead on its observable, measurable properties.  As 

far as Newton was concerned, Hooke’s hypothesis was useful only insofar as it 

suggested, or entailed, empirical consequences.  So with the queries, Newton identified 

these empirical consequences, and thus, proposed a test of the new theory.  Newton 

discussed at length the experiments suggested by these queries and their implications.  

These discussions (unsurprisingly) led to the vindication of Newton’s theory (at least, as 

far as Newton was concerned).  Thus, Newton used these queries to define the terms of 

the disagreement and effectively to steer the debate in a direction that would serve his 

ends. 

It is worth noting that all of these queries had already been answered in Newton’s 

first paper.  The experimentum crucis had resolved the first query, by demonstrating that 

rays have an original disposition to refract, and thus, they display the same amount of 

refraction each time they pass through the prism.  Having established that there is a one-

to-one correspondence between refrangibility and colour, Newton had then resolved the 

second query.  For there are as many colours as there are refrangibilities.  And finally, 

since he had established that colours appear by the separation of white light, he had 

resolved the third query.  So there is an element of rhetoric to Newton’s introduction of 

these queries. 

Newton employed queries in a similar way in his correspondence with Huygens.  

Huygens had argued that original yellow light and original blue light could produce white 

light.  While he remained sceptical that Huygens had managed to produce white out of 

two original colours, Newton went on to argue that such an event would not refute his 

theory.  For if a white was produced out of original blue and original yellow, it wouldn’t 

have the same properties as sunlight.  This is because original blue and original yellow 

cannot separate into any other colours.  This, however, was an empirical issue (“if he can 

show by experiment how they may I will acknowledge my self in error” (Newton, 1959-

1977: Vol. 1, 264)), so Newton raised some queries that he thought would resolve the 

debate:99 

                                                 

99 Oldenburg omitted these queries when he published the letter in the Philosophical Transactions 

(Newton, 1673). 
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Meane time since M. Hugens seems to allow that white is a composition of two colours at least if 

not of more; give me leave to rejoyn these Quæres. 

1. Whether the whiteness of the suns light be compounded of the like colours? 

2. Whether ye colours that emerg by refracting that light be those component colours 

separated by the different refrangibility of the rays in wch they inhere? (Newton, 1959-

1977: Vol. 1, 266) 

Again, Newton was guiding the debate towards the issues that he saw to be at the heart 

of the disagreement: whether sunlight is produced by yellow and blue; and whether a 

compound colour can be separated into more or different colours than the ones it was 

originally composed of.  Newton’s object, in introducing these queries was to focus only 

on the empirical consequences of Huygens’ claims.  Newton had already discussed at 

length the experiments suggested by these queries and their implications.  Again, these 

discussions vindicated Newton’s theory.  Thus, Newton used these queries to define the 

terms of the disagreement and effectively to steer the debate in a direction that would 

serve his ends. 

In both cases, Newton was employing queries at a late stage of the investigation – 

after theorising.  He used queries to tease out the empirical consequences of theories and 

hypotheses.  He used them to resolve debates and to choose between two competing 

explanations.  To this end, his queries seem to suggest crucial experiments.  Importantly, 

the queries he suggested had already been resolved by him.  Thus, they have a rhetorical 

element.  This can be seen, moreover, in the ambiguous way in which they are 

introduced.  In his reply to Hooke, the queries do not have question marks.  This gives 

them the feel of propositions, rather than questions.  In his reply to Huygens, the queries 

have question marks, but Newton described them as ‘rejoinders’ – again, this gives them 

the feel of propositions. 

Now let’s consider Newton’s ‘Queries’ paper.  In a letter to Oldenburg (6 July 1672), 

Newton gave a detailed account of his method of queries.  The letter, excluding the first 

and last paragraphs, was published in the Philosophical Transactions with the heading:100 

                                                 

100 Given Oldenburg’s appreciation for queries (as evidenced by the scores of queries he published in 

the Philosophical Transactions), it is not surprising that he was eager to publish this paper.  He added a 

comment to the published version: 

So far this accurate Proposer; whose Method appearing to be most genuine and proper to the purpose it is propounded for, and 

deserving therefore to be considered and put to trial by Philosophers, abroad as well as at home; the Publisher, to invite and 
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A Serie’s of Quere’s propounded by Mr. Isaac Newton, to be determin’d by Experiments, positively and directly 

concluding his new Theory of Light and Colours; and here recommended to the Industry of the Lovers of 

Experimental Philosophy, as they were generously imparted to the Publisher in a Letter of the said Mr. Newtons of 

July 8. 1672 (Newton, 1672d: 4004). 

Newton explained that the proper method for investigating his new theory was by 

the method of queries.  He provided a list of eight queries (see table 2.4 below), “The 

decision of wch I could wish to be stated, & the events declared by those that may have 

the curiosity to examine them” (Newton, 1959-1977: Vol. 1, 209). 

1 Whether rays that are alike incident on ye same Medium have unequall refractions, & how 

great are the inequalities of their refractions at any incidence? 

2 What is ye law according to wch each ray is more or lesse refracted, whether it be yt the 

same ray is ever refracted according to the same ratio of the sines of incidence & refraction; 

& divers rays, according to divers ratios; Or that the refraction of each ray is greater or 

lesse without any certain rule?  That is, whether each ray have a certain degree of 

refrangibility according to wch its refraction is performed, or is refracted without that 

regularity? 

3 Whether rays wch are indued with particular degrees of refrangibility, when they are by any 

meanes separated, have particular colours constantly belonging to them: viz, the least 

refrangible, scarlet; the most refrangible, deep violet; the middle, Sea-green; & others, 

other colours?  And on the contrary? 

4 Whether the colour of any sort of rays apart may be changed by refraction? 

5 Whether colours by coalescing do really change one another to produced a new colour, or 

produce it by mixing onely? 

6 Whether a due mixture of rays, indued with all variety of colours, produces light perfectly 

like that of the Sun, & wch hath all the same properties & exhibits the same Phænomena? 

7 Whether the component colours of any mixture be really changed or onely separated, when 

out of that mixture various colours are again produced by refraction? 

8 Whether there be any other colours produced by refractions then such, as ought to result 

from the colours belonging to the diversly refrangible rays by their being separated or mixed 

by that refraction? 

 Newton’s eight queries101 

                                                 

gratify Forraigners, was willing to deliver the above recited Extract of Mr. Newtons Letter in the language also of the Learned, 

as followeth[…] (Newton, 1672d: 5005) 

As promised, the letter is repeated in Latin (Newton, 1672d: 5006-5007). 

101 (Newton, 1959-1977: Vol. 1, 209-211) 
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Newton argued that the method of queries is the only appropriate way of criticising 

his theory: 

And therefore I could wish all objections were suspended, taken from Hypotheses or any other 

Heads then these two; Of showing the insufficiency of experiments to determin these Queries or 

prove any other parts of my Theory, by assigning the flaws & defects in my Conclusions drawn 

from them; Or of producing other Experiments, wch I urge be defective it cannot be difficult to 

show the defects, but if valid, then by proving the Theory they must render all other Objections 

invalid (Newton, 1959-1977: Vol. 1, 210). 

That is, if his new theory is erroneous, then it will be possible to demonstrate this via the 

method of queries.  In particular, one ought to be able to demonstrate its error by 

appealing to the queries, and showing at least one of the following: 

1. The query cannot be determined experimentally; 

2. The query does not test the theory; 

3. The query tests the theory, and the theory fails the test; or 

4. There is another query that tests the theory, and the theory fails that test. 

Newton challenged his readers to take it upon themselves to try to criticise his theory in 

one of these ways.  This challenge has the same rhetorical edge to it as his other queries.  

For, while he explicitly asked his readers to take up the challenge, the answers to these 

queries had already been provided in his first paper and his reply to Hooke.102 

We have seen that Newton used queries in two (related) ways in the early optical 

debate.  In his correspondence with Hooke and Huygens, he used queries to identify the 

precise points of empirical disagreement, and thus, to steer the debate towards an empirically 

sound conclusion.  In his ‘Queries’ paper, Newton used queries to define a research 

program that would count as a series of tests of his theory and develop it.  In the next 

section, I will give an account of Newton’s method of queries. 

                                                 

102 Richard Westfall has suggested that these queries were intended as a polemic device: “The eight 

questions form a logical progression from basic propositions to the final conclusion” (Westfall, 1966: 300).  

He suggests that they “would force opponents to follow the logic of his argument” (Westfall, 1966: 300).  

Finally, he has noted that “Alas, Oldenburg missed the point”, by asking Newton if he could come up with 

some experiments that might resolve the queries (Westfall, 1966: 300 – see also n. 6). 
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2.4.2 The method of queries 

In the early optical debate, queries perform two functions in Newton’s methodology.  

Firstly, they provide a proper way to test and develop the theory, by identifying the 

empirical consequences of the theory.  Secondly, they frame a theoretical dispute in 

experimental terms in order to steer the debate towards an empirical solution.103  Newton 

often used the query to express (what he saw as) the precise points of disagreement 

between himself and his opponents.  This was particularly striking in cases where his 

opponents used hypotheses to challenge his theory.  They are raised in order to provide 

the means for establishing the certainty of theories via experiments. 

The experimental focus of these queries is demonstrated by Newton’s distinction 

between philosophical queries and hypothetical queries.  In his discussion of the second query 

raised against Hooke, Newton drew this distinction.  He considered Hooke’s experiment 

involving two vessels filled with coloured liquid.  In one, the liquid was coloured by 

‘tincture of Aloes’.  The liquid was mostly red, but around the edges it was yellow.  In the 

other vessel, the liquid was coloured with a copper solution.  The liquid was mostly blue, 

but around the edges it was indigo.  He argued: 

Now if Mr Hook contend that all the Reds & Yellows of the one liquor, or Blews & Indicos of the 

other, are onely various degrees & dilutings of the same colour, & not divers colours, that is a 

begging of ye Question […]  Certainly it is much better to believe our senses informing us that Red 

& Yellow are divers colours, & to make it a Philosophicall Query, why the same Liquor doth 

according to its various thicknesse appear of those divers colours, then to suppose them to be the 

same colour because exhibited by the same liquor (Newton, 1959-1977: Vol. 1, 179). 

Finally, there is an important sense in which Newton’s early queries are hypotheses.  

Ostensibly, they are untested propositions, so they meet H1.  However, they perform a 

different role to hypotheses.  Queries raise questions regarding the observable, 

measurable properties of light, so they are empirical questions to be resolved by 

experiment.  The early queries thus perform two functions in Newton’s methodology.  

Firstly, they provide a proper way to test and develop the theory, by identifying the 

empirical consequences of the theory.  Secondly, they frame a theoretical dispute in 

experimental terms in order to steer the debate towards an empirical solution.  In 

                                                 

103 Peter Anstey has noted that these are recognisable roles for queries in a “broadly Baconian” 

methodological framework (Anstey, 2004). 
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contrast to the hypotheses, the truth-values of queries is very important: the whole point of 

suggesting queries was then to carry out the experiments that would resolve them. 

2.5 The Epistemic Triad in Newton’s Early Optics  

I have given an account of Newton’s methodology as he presented it in his early optical 

work (1672–1675).  We have seen that this is a fairly coherent methodology.  Newton 

made use of three kinds of proposition: theories, hypotheses and queries.  The 

fundamental distinction between these propositions was epistemic, and turned on the 

level of certainty.  Hypotheses performed supporting roles for theories in which the truth 

of the hypothesis was irrelevant.  Queries performed a supporting role for theories in 

which the object was to resolve the query.  I now argue that Newton’s methodology can 

be characterised as an epistemic triad. 

The three-way distinction between theories, hypotheses and queries appears to drive 

Newton’s scientific investigations towards certainty.  Starting with experimental facts that 

are certainly true, Newton aimed to reason mathematically to a theory, without epistemic 

loss.  His goal was to produce determinate natural philosophical claims.  Hypotheses and 

queries performed supportive functions in the trajectory towards theories that are 

certainly true.  This can be summarised as E1: 

E1. The epistemic triad drives Newton’s natural philosophical research in a trajectory 

from experiment to certainty, using mathematical reasoning. 

Newton’s aim of certainty is a central feature of his methodology.  In pursuit of this aim, 

Newton needed to distinguish between certainty and uncertainty.  We have seen that the 

fundamental distinction between theories, hypotheses and queries turns on level of 

certainty.  Theories are certain; hypotheses and queries are uncertain.  This can be summarised 

as E2: 

E2. The fundamental distinction between the three key methodological terms – theory, 

hypothesis, and query – is epistemic, and turns on the level of certainty. 

There are two roles for hypotheses in Newton’s methodology: (1) to suggest 

experiments; and (2) to illustrate the theory.  By performing these roles, a hypothesis may 

provide support for the theory by generating new experimental evidence, or by increasing 

the plausibility of the theory.  However, a hypothesis cannot provide any independent 

support for one theory or explanation over another, nor may it be given any credence.  

This can be summarised as E3: 
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E3. Hypotheses play a supporting role to theories in which the truth of the hypothesis 

is irrelevant. 

The queries perform two different functions in Newton’s early optical work.  Firstly, they 

frame a theoretical (or hypothetical) dispute in phenomenal terms in order to steer the 

debate towards an experimental solution.  Secondly, they provide a proper way to test 

and develop the theory, by identifying the empirical consequences of the theory.  In 

contrast to the hypotheses, the truth-values of queries is very important: the whole point of 

suggesting queries is then to carry out the experiments that will resolve them.  This can 

be summarised as E4: 

E4. Queries play a supporting role to theories in which the object is to resolve the 

query. 

In chapters 3 and 4, I shall argue that the same epistemic triad is operative in Newton’s 

later work. 
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3 The Opticks 

 

In this chapter, I continue my discussion of Newton’s optical work.  Drawing on my 

conclusions from chapter 2, in this chapter I consider Newton’s Opticks, which was 

published thirty-two years after his first paper. 

In section 3.1, I give an overview of the Opticks, and make some general remarks 

about the methodological aspects of this work.  In section 3.2, I consider the nature of 

the empirical evidence employed in the Opticks, arguing that Newton was making a 

distinction between experiment and observation which turned on the function 

performed by the evidential statements, rather than on their content.  In section 3.3, I 

consider Newton’s use of speculative conjectures in the Opticks.  Commentators have 

often described the queries of the Opticks, especially the later ones, as hypotheses-in-

disguise.  I argue that, in the Opticks, hypotheses and queries played different 

methodological roles.  Finally, in section 3.4, I conclude by giving an account of the 

epistemic triad as it appears to operate in the Opticks. 

3.1 The Opticks: An Overview 

The first edition of the Opticks was the product of decades of intermittent experimental 

and theoretical work.  Starting with his essay ‘Of Colours’ in the mid-1660s, similar 

themes were worked and re-worked, appearing in various manuscripts and papers: the 

optical lectures, delivered between 1670 and 1672 (Newton, 1984); the first optical paper 

in 1672 (Newton, 1959-1977: Vol. 1, 92-107); ‘An Hypothesis explaining the Properties 

of Light discoursed of in my severall Papers’ (Newton, 1959-1977: Vol. 1, 362-389) and 

the ‘Discourse of Observations’ (Birch, 1757: 272-305), both written in 1675; and the 

Fundamentum opticæ, written around 1687/8, which is viewed as the earliest draft of the 

work which eventually became the Opticks.104 

Four editions of the Opticks were published during Newton’s lifetime: the first 

edition, written in English, was published in 1704; the Latin edition was published in 

1706; the second English edition was published in 1717; and the third English edition 

was published in 1721.  A fourth English edition was published posthumously in 1730, 

                                                 

104 Fragments of this can be found in MS. Add. 3970, e.g. f 409r. 
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based on changes made in Newton’s own hand before he died.  There were very few 

changes between the editions, so in this chapter, most of what I say pertains to all 

editions.  The major exception to this is the queries in book 3, which developed 

substantially over the editions.  I shall discuss these changes in more detail below. 

3.1.1 The structure of the Opticks 

The Opticks was published in three books.  Book 1 contained a version of Newton’s 

theory of light and colours, described in his first paper (1672).  Book 2 elaborated on his 

theory of coloured bodies, by studying the phenomenon of the coloured rings observed 

in thin and thick plates, which Newton had described in his ‘Discourse’ (1675).  And 

book 3 ostensibly concerned the coloured fringes that appear at the edges of shadows, 

which Newton had briefly touched on in the ‘Hypothesis’ (1675).  As we shall see, 

however, this book went well beyond that topic, ending in a series of queries, which are 

probably the most frequently discussed part of this work.  Each book was structurally 

distinct, so I shall discuss each book in more detail. 

Book 1 comprises two parts.  Part I opens with the following passage: 

My Design in this Book is not to explain the Properties of Light by Hypotheses, but to propose and 

prove them by Reason and Experiments: In order to which I shall premise the following 

Definitions and Axioms (Newton, 1952: 1). 

In light of his early optical work, this passage seems to express Newton’s general 

methodological outlook.  However, in this context, it only seems properly to describe 

book 1, in which Newton employed the method of ‘proof by experiments’.105  As we 

shall see, this method was not employed in either of the other books. 

Book 1 followed the quasi-geometrical method that we saw in Newton’s reply to 

Huygens (chapter 2).  It contained both definitions and axioms.  Newton gave the 

following definitions: 

                                                 

105 This point has been made by Ducheyne (Ducheyne, 2012: 181), Shapiro (???) and I. Bernard 

Cohen in his preface to the Opticks (Newton, 1952: xxv). 
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Definition I By the Rays of Light I understand its least Parts, and those as well 

Successive in the same Lines, as Contemporary in several Lines. 

Definition II Refrangibility of the Rays of Light, is their Disposition to be refracted or 

turned out of their Way in passing out of one transparent Body or Medium 

into another.  And a greater or less Refrangibility of Rays, is their Disposition 

to be turned more or less out of their Way in like Incidences on the same 

Medium. 

Definition III Reflexibility of Rays, is their Disposition to be reflected or turned back into 

the same Medium from any other Medium upon whose Surface they fall.  

And Rays are more or less reflexible, which are turned back more or less 

easily. 

Definition IV The Angle of Incidence is that Angle, which the Line described by the 

incident Ray contains with the Perpendicular to the reflecting or refracting 

Surface at the Point of Incidence. 

Definition V The Angle of Reflexion or Refraction, is the Angle which the line described by 

the reflected or refracted Ray containeth with the Perpendicular to the 

reflecting or refracting Surface at the Point of Incidence. 

Definition VI The Sines of Incidence, Reflexion, and Refraction, are the Sines of the 

Angles of Incidence, Reflexion, and Refraction. 

Definition VII The Light whose Rays are all alike Refrangible, I call Simple, Homogeneal 

and Similar; and that whose Rays are some more Refrangible than others, I 

call Compound, Heterogeneal and Dissimilar. 

Definition VIII The Colours of Homogeneal Lights, I call Primary, Homogeneal and Simple; 

and those of Heterogeneal Lights, Heterogeneal and Compound. 

 Definitions, the Opticks106 

This is a much more developed list of definitions than the ones we saw in Newton’s 

reply to Huygens (chapter 2).  In fact, all except the last two definitions (VII and VIII) 

were new.  From the earlier definitions, (1) and (2) became definition VII, (3) and (4) 

became definition VIII, and only (5), that every different degree of colour is considered a 

different colour, was omitted.  This suggests that, by 1704, Newton had shifted his 

emphasis from there being indefinitely many colours to there being seven principal colours, in 

an analogy with music. 

It is worth digressing briefly to consider this shift.  As we saw in chapter 2, the 

number and division of colours were key points of disagreement in the early optical 

debate between Newton and Robert Hooke.  Newton argued that the number of 

                                                 

106 (Newton, 1952: 1-4) 
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different original colours was indefinite, but Hooke did not think it necessary to 

postulate more than two colours.  He thought that many apparent differences in the 

colour of light were really differences in the amount of light.  In response to this line of 

criticism, Newton argued that Hooke was begging the question.  Instead of presupposing 

uniformity, we should take the appearances of things as phenomena to be explained.  By 

the time Newton wrote the ‘Hypothesis’ in 1675, however, his emphasis had shifted.  

Emphasising the seven ‘principal’ colours, he tried to establish an analogy between light 

and sound: 

And possibly colour may be distinguisht into its principall Degrees, Red, Orange, Yellow, Green, 

Blew, Indigo, and deep Violett, on the same ground, that sound with an eighth is graduated into 

tones (Newton, 1959-1977: Vol. 1, 376). 

Similarly, in the Opticks, Newton described the principal colours as “divided after the 

manner of a Musical Chord” (Newton, 1952: 126), and as “proportional to the seven 

Musical Tones or Intervals of the eight Sounds, Sol, la, fa, sol, la, mi, fa, sol” (Newton, 

1952: 154).  He still held that there were many degrees of colour: 

...the Spectrum pt formed by the separated Rays ... appear tinged with this Series of Colours, violet, 

indigo, blue, green, yellow, orange, red, together with all their intermediate Degrees in a continual 

Succession perpetually varying.  So that there appeared as many Degrees of Colours, as there were 

sorts of Rays differing in Refrangibility (Newton, 1952: 122). 

Which amounts to the same thing as his claim of many colours. 

Eight axioms followed the definitions (see table 3.2 below).  These gave the 

geometrical properties of refracted and reflected light.  Unlike the definitions, these 

axioms had no precedent in Newton’s early optical work.  The concepts they express 

were not new however.  While Newton did not provide a list of axioms in his early work, 

he introduced some of these notions as they were required.  Moreover, they were known 

to most philosophers working on optics. 

Newton concluded this section, saying: 

I have now given in Axioms and their Explications the sum of what hath hitherto been treated of in 

Opticks.  For what hath been generally agreed on I content my self to assume under the notion of 

Principles, in order to what I have farther to write (Newton, 1952: 19-20). 
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Axiom I The Angles of Reflexiom and Refraction, lie in one and the same Plane with the 

Angle of Incidence. 

Axiom II The Angle of Reflexion is equal to the Angle of Incidence. 

Axiom III If the refracted Ray be returned directly back to the Point of Incidence, it shall be 

refracted into the Line before described by the incident Ray. 

Axiom IV Refraction out of the rarer Medium into the denser, is made towards the 

Perpendicular; that is, so that the Angle of Refraction be less than the Angle of 

Incidence. 

Axiom V The Sine of Incidence is either accurately or very nearly in a given Ratio to the Sine 

of Refraction. 

Axiom VI Homogeneal Rays which flow from several Points of any Object, and fall 

perpendicularly or almost perpendicularly on any reflecting or refracting Plane or 

spherical Surface, shall afterwards diverge from so many other Points, or be parallel 

to so many other Lines, or converge to so many other Points, either accurately or 

without any sensible Error.  And the same thing will happen, if the Rays be reflected 

or refracted successively by two or three or more Plane or Spherical Surfaces. 

Axiom VII Wherever the Rays which come from all the Points of any Object meet again in so 

many Points after they have been made to converge by Reflection or Refraction, 

there they will make a Picture of the Object upon any white Body on which they fall. 

Axiom VIII An Object seen by Reflexion or Refraction, appears in that place from whence the 

Rays after their last Reflexion or Refraction diverge in falling on the Spectator’s Eye. 

 Axioms, the Opticks107 

So, as far as Newton was concerned, these axioms were uncontroversial.  They were 

supposed to provide a summary of the current state of optics, providing the basic 

mathematics required for geometrical optics.  Newton says that “this may suffice for an 

introduction to Readers of quick Wit and good Understanding” (Newton, 1952: 20). 

After the definitions and axioms came the propositions.  The propositions of part I 

concerned refrangibility: establishing that white light is composed of a heterogeneous 

mixture of rays, and addressing the problems concerning telescopes posed by this 

discovery.  The propositions of part II concerned colour: establishing the relationship 

between colour and refrangibility, exploring the properties of compound colours, and 

using his established properties of light to explain coloured bodies and rainbows.  In 

both parts, the propositions were divided into theorems, which were supported by a 

method of ‘proof by experiments’, and problems, which were solved using the preceding 

                                                 

107 (Newton, 1952: 5-18) 
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theorems.  So, following each proposition, Newton described several experiments, each 

of which revealed a particular property of light.  We shall look at these in more detail in 

section 3.2. 

Book 2 elaborated on the results of Newton’s work on thin plates, which he had 

discussed in both the ‘Hypothesis’ and the ‘Discourse’ in 1675.  Containing four parts, 

parts I-III closely resemble the ‘Discourse’.  This book took a different form to book 1.  

Part I had the title, ‘Observations concerning the Reflexions, Refractions, and Colours of thin 

transparent Bodies’.  It contained the twenty-four observations from the ‘Discourse’.  Aside 

from the addition of a sentence here and there, there were no changes to these 

observations between 1675 and 1704.  These observations were organised into graphs 

and tables in part II, ‘Remarks upon the foregoing Observations’.  Again, aside from some 

minor changes to wording, there were no changes from the ‘Discourse’ (1675).  We shall 

consider these observations in more detail in section 3.2. 

Part III, ‘Of the permanent Colours of natural Bodies, and the Analogy between them and the 

Colours of thin transparent Plates’, contained twenty propositions (in this book, Newton did 

not distinguish them as either theorems or problems).  The nine propositions from the 

‘Discourse’ were retained as propositions 1-8 (proposition 9 was relegated to the 

discussion in proposition 8 (Newton, 1952: 266-267)).  Eleven new propositions were 

added (9-20).  Newton’s purpose in this part was to draw on his explanations from book 

1 to consider how the phenomena of thin plates relate to the colours of natural bodies.108  

In book 1, he had argued that natural bodies give the appearance of having a certain 

colour by virtue of reflecting light of that colour.  But he now wanted to explain why a 

given body reflects one colour but not another.  To this end, propositions 1-10 deal with 

the properties of bodies, for example: 

Prop. I. 

Those Superfices of transparent Bodies reflect the greatest quanity of Light, which have the greatest refracting Power; 

that is, which intercede Mediums that differ most in their refractive Densities.  And in the Confines of equally 

refracting Mediums there is no Reflexion (Newton, 1952: 246). 

                                                 

108 Newton was careful to specify the jurisdiction of his investigations.  He said, he was only 

concerned with colours “so far as they depend on the Nature of Light, and are not produced or alter’d by 

the Power of Imagination, or by striking or pressing the Eye” (Newton, 1952: 244). 
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And: 

Prop. II. 

The least parts of almost all natural Bodies are in some measure transparent: And the Opacity of those Bodies 

ariseth from the multitude of Reflexions caused in their internal Parts (Newton, 1952: 248). 

Propositions 11-20 deal with the properties of light.  For example: 

Prop. XI. 

Light is propagated from luminous Bodies in time, and spends about seven or eight Minutes of an Hour in passing 

from the Sun to the Earth (Newton, 1952: 277). 

Prop. XII. 

Every Ray of Light in its passage through any refracting Surface is put into a certain transient Constitution or State, 

which in the progress of the Ray returns at equal Intervals, and disposes the Ray at every return to be easily 

transmitted through the next refracting Surface, and between the returns to be easily reflected by it (Newton, 1952: 

278). 

A significant development from the ‘Discourse’ was Newton’s theory of ‘Fits’, which he 

set down in this section.  His explanation of fits involved a hypothesis, which I shall 

discuss in section 3.3. 

Part IV, ‘Observations concerning the Reflexions and Colours of thick transparent polish’d Plates’, 

contained thirteen new observations.  The first twelve observations were made using a 

‘glass speculum’ – a spherical reflecting lens.  Newton examined the coloured rings 

produced by the light reflected from the speculum, concluding: 

And thus I satisfy’d my self, that these Rings were of the same kind and Original with those of thin 

Plates, and by consequence that the Fits or alternate Dispositions of the Rays to be reflected and 

transmitted are propagated to great distances from every reflecting and refracting Surface (Newton, 

1952: 305). 

Of all the books of the Opticks, book 3 has received the most attention.  It ostensibly 

concerned ‘Observations concerning the Inflexions109 of the Rays of Light, and the Colours made 

thereby’ (Newton, 1952: 317).  Newton began: 

                                                 

109 What is now called ‘diffraction’.  Diffraction is the phenomenon that occurs when a wave of any 

kind encounters an obstacle.  Grimaldi had introduced the term ‘diffraction’ (from the Latin diffringere) in 

1665.  But Newton preferred the term ‘inflexion’.  It would not be surprising if he had rejected the former 

for its connotations with a wave theory of light. 
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GRIMALDO has inform’d us, that if a beam of the Sun’s Light be let into a dark Room through a 

very small hole, the Shadows of things in this Light will be larger than they ought to be if the Rays 

went on by the Bodies in straight Lines, and that these Shadows have three parallel Fringes, Bands 

or Ranks of colour’d Light adjacent to them.  But if the Hole be enlarged the Fringes grow broad 

and run into one another, so that they cannot be distinguish’d.  These broad Shadows and Fringes 

have been reckon’d by some to proceed from the ordinary refraction of the Air, but without due 

examination of the Matter.  For the circumstances of the Phænomenon, so far as I have observed 

them, are as follows (Newton, 1952: 317). 

Newton described the “circumstances of the Phænomenon” in eleven observations.  

He had mentioned these observations in his ‘Hypothesis’ paper (Newton, 1959-1977: 

Vol. 1, 383), but now he provided more details.  He examined the shadows of hairs, knife 

edges, and pins.  As with the observations in book 2, these became increasingly detailed 

and precise and involved tables and diagrams to record precise measurements.  But to 

most audiences, the most interesting feature of this book is the series of queries that 

followed the observations.110  After the eleventh observation, Newton wrote: 

When I made the foregoing Observations, I design’d to repeat most of them with more care and 

exactness, and to make some new ones for determining the manner how the Rays of Light are bent 

in their passage by Bodies for making the Fringes of Colours with the dark lines between them.  

But I was then interrupted, and cannot now think of taking these things into farther Consideration.  

And since I have not finish’d this part of my Design, I shall conclude with proposing only some 

Queries, in order to a farther search to be made by others (Newton, 1952: 338-339). 

To this end, Newton proposed thirty-one queries of increasing complexity, length, 

and speculative content.  The first seven or so were only a few lines long, but then they 

started to fill a page or two, then eight or nine, and finally, query 31 was over thirty pages 

long!  The theme of the queries was the nature of light.  They examined topics such as: 

Whether light can act on bodies; the relationship between light and heat; the mechanism 

by which light interacts with the brain to cause sight; the possibility of the existence of an 

æthereal medium that can propagate such things as heat and light and the properties and 

explanatory power of such a medium; whether there are other original properties of rays 

of light; whether rays of light are very small particles and the properties and explanatory 

                                                 

110 It is worth noting that, while the observations and queries are labeled ‘part I’, there is no part II.  

This supports the view that book 3 is, in some sense, unfinished. 
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power of such particles.  These queries form the conclusion to the Opticks.  I shall discuss 

them in more detail in section 3.3. 

Newton made relatively few changes to the Opticks.  With the exception of a 

paragraph at the end of proposition 8 part III book 2, books 1 and 2 remained virtually 

unchanged in all three editions.  The most significant changes occurred to book 3.  The 

observations remained the same in all editions, but the queries increased.  In the first 

edition (1704), there were sixteen queries.  In the Latin edition (1706) Newton added 

seven queries.  In the second (English) edition (1717), he added eight more queries, as 

well as extending some of the earlier ones.  Book 3 remained unchanged in the third 

edition (1721) (Ducheyne, 2012: 180-181, n.10). 

3.1.2 The methodology of the Opticks 

In this section, by way of introduction, I shall make some general remarks about the 

methodology of the Opticks. 

Commentators have often found the methodology of the Opticks difficult to account 

for.  They have struggled to reconcile Newton’s physico-mathematical aims with the 

speculative conclusions of book 3.  Newton intended the Opticks to have a certain 

amount of mathematical rigour.  For example, in book 1 he tried define ‘ray’ in such a 

way that it would be compatible both with the geometry described in the axioms, and 

also, so that it could be applied to physical rays.  In definition II, he wrote that he 

intended to make his definitions general, so that both mathematicians and physicists 

could accept them: 

Mathematicians usually consider the Rays of Light to be Lines reaching from the luminous Body to 

the Body illuminated, and the refraction of those Rays to be the bending or breaking of those lines 

in their passing out of one Medium into another.  And thus may Rays and Refractions be 

considered, if Light be propagated in an instant.  But by an Argument taken from the Æquations of 

the times of the Eclipses of Jupiter’s Satellites, it seems that Light is propagated in time, spending in 

its passage from the Sun to us about seven Minutes of time: And therefore I have chosen to define 

Rays and Refractions in such general terms as may agree to Light in both cases (Newton, 1952: 2). 

Furthermore, many of his methodological passages bear a striking resemblance to some 

of the methodological passages in Newton’s early optical work.  For example, in book 1 

part II, he wrote: 

And these Theorems being admitted into Opticks, there would be scope enough of handling that 

Science voluminously after a new manner, not only by teaching those things which tend to the 
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perfection of Vision, but also by determining mathematically all kinds of Phænomena of Colours 

which could be produced by Refractions (Newton, 1952: 131). 

And in book 2 part II, he wrote: 

And in this respect the Science of Colours becomes a Speculation as truly Mathematical as any 

other part of Opticks (Newton, 1952: 244). 

And finally, Newton tried to define his theoretical terms such as ‘ray’ experimentally, so 

that they would be hypothesis-neutral.  For example, in definition I, he wrote: 

For it is manifest that Light consists of Parts, both Successive and Contemporary; because in the 

same place you may stop that which comes one moment, and let pass that which comes presently 

after; and in the same time you may stop it in any one place, and let it pass in any other.  For that 

part of Light which is stopp’d cannot be the same with that which is let pass.  The least Light or 

part of Light, which may be stopp’d alone without the rest of the Light, or propagated alone, or do 

or suffer any thing alone, which the rest of the Light doth not or suffers not, I call a Ray of Light 

(Newton, 1952: 1-2). 

Despite his attempts to make his notion of ‘ray’ hypothesis-neutral, this definition has 

often been understood as advocating a corpuscular view of light. 

The mathematico-experimental bent of the first two books is hard to reconcile with 

the speculative queries of book 3.  In fact, it is widely agreed among commentators (e.g. 

(Cohen, 2001, Ducheyne, 2012, Shapiro, 2001)) that Newton’s Opticks, in some sense, 

represents a failure of Newton’s mathematico-experimental method.111  Firstly, despite 

his best efforts in book 2, Newton failed to construct a mathematical model of 

interference phenomena.112  Secondly, Newton’s study of diffraction in book 3 was 

unsuccessful in that he was unable to draw from his observations any conclusions that he 

was willing to assert as propositions.  Finally, in contrast to the clear and forceful 

statement of achievements and conclusions that we will find in the Principia, Newton 

                                                 

111 Ducheyne has been careful to point out that the ‘failure’ under discussion is Newton’s failure, in 

his own eyes, to meet his own goals.  It is not the purpose of this discussion to assess Newton’s 

methodology on any grounds other than his own. 

112 He never even came close to matching the scope and rigour of his model of universal gravitation, 

which I shall discuss in chapter 4. 
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concluded his Opticks with a list of increasingly speculative questions.  Thus, admitting 

openly that this conclusion could only pose questions, and not answers.113 

In this chapter, I shall focus on two methodological features of the Opticks – the use 

of experiments and observations, and the queries – in order to see what light can be shed 

on this, very influential, work.  In section 3.2, I consider the nature of the empirical 

evidence employed in the Opticks.  In book 1, Newton’s empirical evidence was 

introduced, following his propositions, to provide support in his method of ‘proof by 

experiments’.  But in books 2 and 3, the empirical evidence was introduced prior to his 

propositions as a series of ‘observations’.  I consider this distinction between experiment 

and observation, arguing that Newton was making a distinction that turned on the 

function performed by the evidential statements, rather than on their content.  I draw 

some parallels between Newton’s observations and experiments and the Baconian 

method of natural history. 

In section 3.3, I consider Newton’s use of speculative conjectures in the Opticks.  

Commentators have often described the queries of the Opticks, especially the later ones, 

as hypotheses-in-disguise.  I argue that, while these queries fit Newton’s early definition 

of ‘hypothesis’, they do not function as hypotheses.  I compare the queries with the 

hypothesis Newton introduced in book 2 part III, to demonstrate that, in the Opticks, 

hypotheses and queries perform different methodological functions. 

In section 3.4, I conclude this chapter by giving an account of the epistemic triad as 

it appears to operate in the Opticks.  In chapter 2 we saw that, in his early optics, Newton 

was working within the framework of an ‘epistemic triad’: a three-way epistemic 

distinction between theories, which are certain and inferred from experiment, 

hypotheses, which are uncertain and speculative, and queries, which are not certain, but 

provide the proper means to establish experimentally the certainty of theories.  In the 

final section of this chapter, I argue that this epistemic triad was still operative, three 

decades later, in the Opticks. 

                                                 

113 Despite the failure of the Newtonian method, the Opticks, particularly the queries, was an extremely 

important and influential book.  I. Bernard Cohen has argued that the queries had a huge influence in the 

eighteenth century, and formed the basis of an experimental science of electricity (Cohen, 1956). 



 

 99 

3.2 Experiments and Observations 

A striking feature of the Opticks is Newton’s heavy use of experiment and observation to 

explore the field of optics and to support his propositions.  In this section, I am 

interested in Newton’s distinction between observation and experiment.  In book 1, he 

labelled his empirical investigations ‘experiments’, but in books 2 and 3, he labelled them 

‘observations’.  Typically, the difference between observation and experiment turns on 

level of intervention.  In this section, I argue that Newton’s usage of the terms 

‘experiment’ and ‘observation’ in the Opticks does not fit this standard definition.  I 

examine the functions performed by these experiential statements, and argue that, in the 

Opticks, the labels ‘experiment’ and ‘observation’ appeal to function, rather than content. 

3.2.1 Observation, experiment and intervention 

In current philosophy of science, the distinction between experiment and observation is 

usually seen as concerning the level of intervention involved in the investigation (e.g. 

(Hacking, 1998), (Okasha, 2011), (Tiles, 1993)).  In scientific investigation, intervention 

has two related functions: isolating a target system, and creating novel scenarios (Bogen, 

2013).  On this view, experiment involves intervention on a target system, and 

manipulation of variables.  In contrast, the term ‘observation’ is usually applied to any 

empirical investigation that does not involve intervention or manipulation. 

On this definition, the observation/experiment distinction maps onto the 

Aristotelian art/nature distinction.  Aristotle had a teleological notion of natural 

philosophy.  He argued that, in order to know the nature of a thing or event, one must 

discover the purpose for which it exists, or the end towards which it strives.  Thus, the 

nature of a thing is in its purpose, and, according to Aristotle, this nature was the object 

of scientific knowledge.  Aristotle thought that a thing might not necessarily achieve its 

purposed end, for the natural course of a process could be thwarted by a man-made or 

artificial cause.  Human intervention effectively could replace nature’s purposes with 

human purposes; replacing natural causes with accidental causes.  Accidental causes do 

not give us knowledge of things.  So, Aristotle’s attitude was that, to acquire knowledge 

of nature, one must see natural phenomena as it is – without human intervention.  To do 

this, one must make pure observations.  Any intervention will give you false information. 
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Francis Bacon is usually credited with motivating the shift away from this attitude 

towards the acceptance of experiment.114  Firstly, Bacon broke down the art/nature 

distinction, arguing that intervention is simply a matter of setting up situations in which 

nature will produce a desired result.  He argued that created situations are not 

fundamentally different to natural ones: the origin of the situation is not important.  

Hence, human intervention on natural systems should be seen as exploitation of nature, 

rather than an activity outside of nature.  Secondly, Bacon argued that intervening or 

interfering with nature was to be encouraged.  He thought that intervention had an 

important role in scientific investigation.  He wrote: “the secrets of nature reveal 

themselves more readily under the vexations of art than when they go their own way” 

(Bacon, 2004).  That is, one will learn more about nature, if one forces it into previously 

non-existent situations to see how it behaves.  ‘Twisting the lion’s tail’ could make nature 

offer up her secrets and show us new phenomena about the world.  This view prioritised 

human purposes.115  Bacon’s natural philosophy aimed to create knowledge of how to 

achieve human ends. 

In the current philosophical and scientific climate, this position has become 

increasingly entrenched.  Experiment is usually considered to have a higher epistemic 

value than observation.  Experiments tend to produce results that are statistically 

analysable and repeatable.  Moreover, they employ instruments and techniques that, on 

the one hand aid the isolation of the target from possible confounds and assist in the 

collection of quantitative reports, and on the other hand decrease the chance of human 

error.  In contrast, observation tends to be associated with unique or rare occurrences, 

and human error.  Moreover, observation tends to be qualitative, which causes it to be 

less amenable to statistical analysis.  The creation of novel scenarios and experimental 

effects means that experiment is often seen as establishing causation, whereas 

observation does not (and cannot).  For example, if a scientist wants to test the 

generalisation, x(FxGx), the scientist may create an a that has property F, and then 

                                                 

114 The transition from Aristotelian to Baconian view of experiment has been discussed by (Anstey, 

2014b), (Dear, 1995), (Hacking, 1998: 1156), (Tiles, 1993). 

115 Not everybody shared this opinion.  Some early modern natural philosophers, for example, 

Margaret Cavendish, were deeply suspicious of created scenarios and the use of instrumentation to see 

things that humans wouldn’t otherwise see (Lawson, in preparation). 
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test a to see if it has property G.  Bringing about some a that is an F is often seen as a 

better test of the generalisation than just happening to observe some a that is F and G. 

While this distinction permeates current philosophy of science, it is fuzzy at best.  

Firstly, some experiments do not seem to involve intervention or manipulation of the 

target system.  For example, Eddington’s experiment involved making careful 

observations under very specific conditions.  While these conditions could be predicted, 

they could not be controlled or brought about artificially.  Yet this episode is typically 

characterised as experimental rather than observational (Niaz, 2009).  Computer 

simulations provide another interesting problem case.  When carrying out a simulation 

experiment, scientists are not intervening on, or manipulating, the systems they are 

modelling.  Yet they are working with an isolated target system.  Moreover, by 

intervening on and manipulating the system, they can create novel scenarios for that 

system.  So computer simulations seem to count as experiments, even though they do 

not, strictly speaking, interact with nature (e.g. (Winsberg, 2010)).116 

Secondly, some observations seem to involve intervention in the form of 

instrumentation (for example, microscopes, magnifying glasses, telescopes, and various 

other amplification devices).  So often discussion has focussed on the question of what 

counts as an observation.  Bas van Fraassen (van Fraassen, 1980) has denied that one can 

properly be said to observe something if that thing can only be perceived by using an 

electron microscope.  This gives us a fairly limited scope for observation.  On this 

account, high-energy physicists cannot be said to observe particles or particle interactions 

when they look at bubble chamber photographs.  However, working scientists seem 

happy to label things that register on their equipment ‘observables’, even if they do not 

or cannot register directly on the senses (e.g. (Bogen, 2013), (Cartwright, 1989), 

(Hacking, 1998)). 

Finally, while the observation/experiment distinction is often considered by 

historians of science to have methodological importance for science, the distinction does 

not seem to carry over into other discussions in philosophy of science.  For example, a 

lot of the philosophical discussion around observation in science has focussed on the 

                                                 

116 In chapter 4, I shall draw a comparison between computer simulations, modelling, and Newton’s 

phenomena. 
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role of observation in experiment.117  But more often, philosophers have been more 

concerned with the distinction between observation and theory (e.g. (Maxwell, 1998)), 

and the related issue of the logic of empirical support (e.g. (Achinstein, 1998), (Snyder, 

1998)).  Furthermore, in philosophical discussions, philosophers often use terms like 

‘evidence’ and ‘data’ in contrast with ‘theory’ and ‘hypothesis’.  In these contexts, there is 

little (or no) discussion of whether the evidence or data in question is the result of 

observation or experiment (Okasha, 2011: 223). 

These problems suggest that the intervention-distinction between observation and 

experiment has only limited scope and epistemic significance.  One possible pragmatic 

approach is to think of level of intervention as a continuum, with observation at the 

lower end and experiment at the higher end.  Experiments at the higher end typically, 

though not exclusively, involve the use of instruments. 

If Newton was working with this sort of distinction, then we should expect to find 

that the experiments in book 1 involved a higher level of intervention than the 

observations in books 2 and 3.  That is, in contrast to the experiments in book 1, we 

should find that the observations involved fewer prisms, lenses, isolated light rays, and 

artificially created scenarios.  However, this is not what we find.  Rather we find that, in 

every book of the Opticks, Newton actively isolated rays of light, and intervened by 

refracting and reflecting them, projecting them onto glass prisms and lenses of various 

kinds.  Thus, Newton employed instruments to create novel scenarios that allowed him 

to isolate and identify certain properties of light. 

It is difficult to quantify the level of intervention involved, but it seems safe to 

conclude that Newton’s use of the terms ‘observation’ and ‘experiment’ did not track the 

experiment-as-intervention distinction.  Instead, on the intervention-definition they all 

count as ‘experiments’.  That is, the distinction between the experiments and 

observations in the Opticks does not appear to concern the content of individual 

investigations. 

                                                 

117 Anstey has pointed out that the term ‘observation and experiment’ seems to have been a hendiadys 

for the Baconian experimental philosophers (Anstey, 2014b).  This suggests that they thought of 

experiment as a kind of observation. 
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3.2.2 Newton’s observations and experiments  

To understand what kind of distinction Newton was making, in this section I shall look 

at the experiments and observations more closely. 

Book 1 part I, Experiments 

In the Opticks book 1, Newton employed a method of ‘proof by experiments’ to support 

his propositions.  Each experiment was introduced to reveal a specific property of light.  

Firstly, consider proposition 1 part I: Lights which differ in Colour, differ also in Degrees of 

Refrangibility (Newton, 1952: 20).  Newton provided two experiments to support this 

proposition. 

 

Figure 3.1 The Opticks, Book 1 part I, figure 11 118 

In experiment 1 Newton drew a line down the centre of a piece of black card, and 

painted one half red and the other half blue.  Then he used sunlight to illuminate the 

card, and peered at the card through a prism, which he held close to his eyes (see figure 

3.1 above).  When he tilted the prism upwards, the card appeared to move upwards, the 

blue half (dg) appearing higher than the red half (fe).  When he tilted the prism 

downwards, the card appeared to move downwards, the blue half (δν) appearing lower 

than the red half (φε).  From this experiment, Newton concluded that the blue light 

refracts to a greater degree than the red light, and hence the blue light is more refrangible 

than the red light: 

                                                 

118 (Newton, 1952: 22) 
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Wherefore in both Cases the Light which comes from the blue half of the Paper through the Prism 

to the Eye, does in like Circumstances suffer a greater Refraction than the Light which comes from 

the red half, and by consequences is more refrangible (Newton, 1952: 21). 

 

Figure 3.2 The Opticks, Book 1 part I, figure 12 119 

In experiment 2, Newton took the same piece of card and wound “a slender Thred 

of very black Silk” (Newton, 1952: 23) around it, so that several horizontal black lines 

passed across the colours.  He stood the card upright against a wall, so that the colours 

stood vertically, side-by-side, and used a candle to illuminate it (since he performed this 

experiment at night).  He placed a glass lens at a distance of six feet (“and one or two 

Inches” (Newton, 1952: 23)) from the card, and used it to project the light coming from 

the illuminated card onto a piece of white paper which was at the same distance from the 

lens on the other side (see figure 3.2 above).  He moved the piece of white paper to and 

fro, taking precise note where and when the red and blue parts of the image were most 

distinct (the purpose of the black thread was to indicate distinctness: the image was most 

distinct when the lines created by the thread were sharpest).  He found that when the red 

part of the image appeared most distinct, the blue part was faint and blurred; and when 

the blue part of the image was most distinct, the red part was faint and blurred.  And 

that, in order to obtain a distinct red image, the paper had to be held 1.5 inches further 

away than it was to obtain a distinct blue image.  He concluded: 

In like Incidences therefore of the blue and red upon the Lens, the blue was refracted more by the 

Lens than the red, so as to converge sooner by an Inch and a half, and therefore is more refrangible 

(Newton, 1952: 25). 

                                                 

119 (Newton, 1952: 27) 
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In the scholium that followed, Newton pointed out that the red and blue light in 

these experiments were not strictly homogeneous.  Rather, both colours were, to some 

extent, heterogeneous mixtures of different colours.  So it was not the case, when 

conducting these experiments, that all the blue light was more refrangible than all the red 

light.120  And yet, these experiments demonstrate a general effect: 

But these Rays, in proportion to the whole Light, are but few, and serve to diminish the Event of 

the Experiment, but are not able to destroy it (Newton, 1952: 26). 

This highlights the fact that, here, Newton was describing ideal experiments in which the 

target system had been perfectly isolated.121 

Book 1 part II, Experiments 

Now consider proposition 2 part II: All homogeneal Light has its proper Colour answering to its 

Degree of Refrangibility, and that Colour cannot be changed by Reflexions and Refractions (Newton, 

1952: 122).  Newton introduced two experiments (experiments 5 and 6) to support this 

claim. 

In experiment 5, Newton reused two experiments from part I, experiments 12 and 

14.  Firstly, he discussed experiment 12, in which sunlight transmitted through a hole in 

the window shutter was refracted through a prism and projected onto a piece of black 

paper with a small hole in the middle.  The light that was transmitted through the hole 

was then refracted through a second prism and projected onto a piece of white paper.  In 

part I, in which Newton was concerned with refrangibility, he discussed shape, size and 

position of the refracted images.  Thus, in part I, when he introduced this experiment, he 

noted that the resulting image was circular.  In experiment 5 part II, Newton used this 

same experiment to show that homogeneous light does not change when it is refracted. 

Secondly, experiment 5 reconsidered experiment 14 (from part I), in which Newton 

took small objects, such as flies and small printed text, and viewed them through a prism 

held close to his eyes, alternately illuminating them with homogeneal light and white 

light.  In part I, when he introduced this experiment, he reported that, upon viewing the 

                                                 

120 In modern terms, the two kinds of red light (homogeneous and heterogeneous) are called 

‘metamers’. 

121 The examples I have just discussed are particularly clear cases of the ‘proof by experiment’.  There 

is variation amongst the experiments Newton introduces, but the general point holds. 
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objects through a prism, those illuminated with homogeneal light were much sharper and 

clearer than those illuminated with white light.  In experiment 5 part II, Newton used 

this experiment to show that the colour of homogeneal light did not change when it was 

reflected or refracted. 

As in part I, Newton noted that, in practice, the ‘homogeneal’ light was not perfectly 

homogeneous: 

I speak here of a sensible Change of Colour: For the Light which I here call homogeneal, being not 

absolutely homogeneal, there ought to arise some little change of Colour from its Heterogeneity.  

But, if that Heterogeneity was so little as it might be made by the said Experiments of the fourth 

Proposition, that Change was not sensible, and therefore in Experiments, where Sense is Judge, 

ought to be accounted none at all (Newton, 1952: 123). 

Again, despite the imperfect isolation of the target system, Newton was satisfied that 

these experiments demonstrated a general effect.  An effect that would be stronger, but 

not different, under ideal conditions. 

In experiment 6, Newton considered reflection.  Using homogeneal light, Newton 

illuminated objects of different colours and kinds, such as “Paper, Ashes, red Lead, 

Orpiment, Indico Bise, Gold, Silver, Copper, Grass, blue Flowers, Violets, Bubbles of 

Water tinged with various Colours, Peacock’s Feathers, the Tincture of Lignum 

Nephriticum” (Newton, 1952: 123-124).  He noted that when the light was red, the objects 

reflected red light and thus appeared to be coloured red; when the light was blue, the 

objects reflected blue light and thus appeared blue; and so on for all the colours.  The 

only difference he noticed was that some objects reflected the light more strongly than 

others. 

Newton took experiments 5 and 6 to demonstrate the truth of his proposition, and 

concluded: 

From all which it is manifest, that if the Sun’s Light consisted of but one sort of Rays, there would 

be but one Colour in the whole World, nor would it be possible to produce any new Colour by 

Reflexions and Refractions, and by consequence that the variety of Colours depends upon the 

composition of Light (Newton, 1952: 124). 

Book 2 part I, Observations 

Let us now turn to the observations of book 2.  As we saw in section 3.1.1, book 2 had a 

different structure to book 1.  In book 2, Newton listed twenty-four observations in part 
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I, then compiled the results in part II, explained them in propositions in part III, and 

described a new set of observations in part IV.  The observations in parts I and IV 

explored the phenomena of coloured rings in a sequence of increasingly sophisticated 

experiments. 

Firstly, consider the observations in part I.  Observation 1 was relatively simple: 

Newton pressed together two prisms, and noticed that, at the point where the two 

prisms touched, there was a transparent spot.  The next couple of observations were 

variations on that first one: Newton rotated the prisms and noticed that coloured rings 

became visible when the incident rays hit the prisms at a particular angle.  In observation 

4, Newton replaced the prisms with convex lenses.  These made the rings more regular, 

and allowed him to calculate the thickness of the air between the glasses by measuring 

the concavity of the lenses.  Over the next few observations, Newton examined and 

measured the rings from different angles.  In observation 10, Newton put water between 

the glasses.  He noticed that the rings were fewer in number and fainter in colour.  In 

observation 12, he began projecting coloured light onto the glass using a prism.  He 

found that the rings became more distinct and visible, and consequently, more 

numerous.  In observation 15, he slipped some white paper underneath the bottom glass 

to examine the light that was transmitted.  He found that coloured rings appeared on the 

paper. 

In observation 17, Newton replaced the glass lenses with soap bubbles, and 

observed the coloured rings from various directions.  In observation 21, he replaced the 

soap bubbles with thin plates of Muscovy glass with water on them.  He found that the 

coloured rings were more “brisk and vivid” (Newton, 1952: 222) than those produced in 

the earlier experiments involving thin films of air and water between glass plates.  In 

observation 24, Newton returned to his glass lenses and considered some ways to 

improve his observations.  In the final paragraph, he suggested some further variations.  

The result of this sequence of twenty-four observations was a detailed, but open ended, 

survey of the phenomena.  The observations themselves went from being qualitative to 

increasingly quantitative and precise, as the variations enabled Newton to make more 

careful measurements. 
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Book 2 part IV, Observations 

Now consider the observations in part IV.  In the later propositions discussed in part III, 

Newton mentioned thick plates a few times.  Thus, the observations in part IV lead on 

from the later propositions in part III.  He wrote: 

But these two Propositions will become much more evident by the observations in the following 

part of this Book (Newton, 1952: 288). 

The observations of part IV followed a similar format to those in part I.  Observation 1 

began: 

The Sun shining into my darken’d chamber through a hole one third of an Inch wide, I let the 

intromitted beam of Light fall perpendicularly upon a Glass Speculum ground concave on one side 

and convex on the other, to a Sphere of five Feet and eleven Inches Radius, and Quick-silver’d over 

on the convex side.  And holding a white opake Chart, or a Quire of Paper at the center of the 

Spheres to which the Speculum was ground, that is, at the distance of about five Feet and eleven 

Inches from the Speculum, in such manner, that the beam of Light might pass through a little hole 

made in the middle of the Chart to the Speculum, and thence be reflected back to the same hole: I 

observed upon the Chart four or five concentric Irises or Rings of Colours, like Rainbows 

[...](Newton, 1952: 289-290). 

As we can see, observation 1 described the experimental set-up, and provided a 

qualitative description of the phenomenon.  Observation 2 provided a more detailed 

description of the number and colours of the rings.  Observation 3 provided a 

description of the sizes and distances of the rings.  Observations 4, 5, 6, and 7 made 

variations of the initial experiment.  Observations 8 and 9 provided more quantitative 

descriptions of the rings, and drew comparisons with the rings discussed in part I.  

Observations 10, 11, and 12 made variations on the experiment. 

At the end of his discussion of observation 12, Newton noted that all the 

observations considered so far in this section concerned thick plates of even thickness.  

He pointed out that similar experiments could be carried out on thick plates of uneven 

thickness, and predicted that these would yield similar results: 

For in all these cases the Plates make Rings of Colours, but after various manners; all which, so far 

as I have yet observed, follow from the Propositions in the end of the third part of this Book, and 

so conspire to confirm the truth of those Propositions.  But the Phænomena are too various, and 

the Calculations whereby they follow from those Propositions too intricate to be here prosecuted.  I 

content my self with having prosecuted this kind of Phænomena so far as to discover their Cause, 

and by discovering it to ratify the Propositions in the third Part of this Book (Newton, 1952: 312). 
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In observation 13, Newton replaced his glass speculum with water drops: 

As Light reflected by a Lens quick-silver’d on the backside makes the Rings of Colours above 

described, so it ought to make the like Rings of Colours in passing through a drop of Water 

(Newton, 1952: 312). 

By varying the experiment in this way, Newton showed that he could explain a naturally 

occurring phenomenon.  He predicted that, if the sun shines through a thin mist of rain 

or hail, and “the globules are all of the same bigness” (Newton, 1952: 313), then the sun 

will appear in the centre of a series of coloured rings.  He drew on the propositions laid 

down in part III to make this prediction more precise.  Then he reported on some 

observations he made in June 1692, saying “This is the Theory, and Experience answers 

it” (Newton, 1952: 313).  He then claimed to have seen a similar effect around the moon 

on 19 February 1664. 

3.2.3 Initial remarks on the experiments and observations  

There are several features common to both the experiments and observations in the 

Opticks.  Firstly, experiential statements were always clearly delineated from the 

propositions they supported.  This separation between evidence and theory resembles 

Bacon’s careful separation of history and doctrine.  Secondly, while methodological and 

theoretical commentary was delivered along with the observations, this was carefully 

delineated as well, and usually labelled.  Thirdly, some causal insight was offered without 

entering into discussions of metaphysical commitment. 

The experiments of book 1 and the observations of book 2 involved a significant 

level of intervention.122  But, more importantly, the interventions were of a similar kind.  

They all involved the use of prisms and other instruments to isolate rays of light and 

create novel scenarios.  In this respect, they were all experiments, so they cannot be 

differentiated on the basis of intervention.  But there are (at least) two other differences 

worth noting.  Firstly, whereas the experiments described in book 1 were, to some 

degree, idealised, involving perfectly isolated explanatory targets (such as collections of 

perfectly red light rays), the observations in books 2 and 3 were not ideal.  Rather, 

through a complex sequence of observations, as the level of sophistication increased, the 

                                                 

122 The observations of book 3 are similar in structure to those of book 2, so what I say about the 

latter can be said of the former as well. 
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explanatory target was increasingly well isolated.  Thus, the observations were more 

exploratory and less theory-based.  Secondly, the experiments of book 1 were employed 

to support particular propositions, and so, individually, they were held to be particularly 

relevant and informative.  In contrast, the observations of books 2 and 3 were only 

collectively relevant and informative.  Moreover, the sequence of observations was open-

ended: there were always more variations that could be tried. 

These features suggest that, in the Opticks, the observations and experiments were 

functionally distinct.  In book 1, each experiment was introduced to provide strong 

empirical support for a particular proposition.  But these experiments did more than 

simply provide support.  They were also illuminative.  That is, they provided a sequence 

of experiments for the reader to follow so that he/she might grasp the truth of the 

proposition.  Thus, the reader might replicate the experiments, not merely to check the 

evidence, but in order to see and understand that the proposition is correct.  In contrast, 

the observations were exploratory; they surveyed the phenomena.  Each sequence of 

observations was not a ‘mere’ collection of facts, however, since the process of 

observation was as informative as the observations themselves.  In very general terms, 

therefore, the experiments were part of the process of justification, and the observations 

were part of the process of discovery.  In the following section, I shall offer a Baconian 

interpretation of this distinction. 

3.2.4 A Baconian interpretation 

Traditionally, historians of philosophy have tended to view Baconian natural histories as 

large collections of facts without any theoretical reflection.  But, by drawing on Bacon’s 

later work, namely, his Latin natural histories, Dana Jalobeanu has shown that Baconian 

natural histories are much more complex and sophisticated than the traditional view has 

recognised (e.g. (Jalobeanu, 2011, 2012, 2014)).  The natural histories themselves are 

complex reports containing, not only observations, but also descriptions of experiments, 

advice and observations on the method of experimentation, provisional explanations, 

questions, and epistemological discussions. 

A notable feature of Bacon’s Latin natural histories is that they were produced from 

relatively few experiments (Jalobeanu, 2011: 92).  Jalobeanu has called these ‘core 

experiments’.  By varying these core experiments, Bacon generated new cases, 

observations and facts.  The method by which this generation occurs is called the art of 

‘experientia literata’.   Experientia literata (lit. literate experience, but it is often referred to as 
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‘learned experience’) was a late addition to Bacon’s program, developed in De Augmentis 

scientiarum (1623) (Jalobeanu, 2011: 96).  It is a tool or technique for guiding the intellect 

from one experiment to another.  By following this method, discoveries are made, not by 

chance, but by moving from one experiment to the next in a guided, systematic way.  

Experientia literata was built around certain exemplar experiments.  For example, in 

Bacon’s Historia densi et rari,123 the sequence of experiments is generated from two core 

experiments.  The first involves weighing bodies and drawing a table of densities.  This is 

done by constructing a one-ounce cube of gold and two identical silver shells that 

perfectly fit the gold cube.  The silver shells are placed one on either side of a balance, 

the gold cube is placed in one of them, and all sorts of substances are placed in the other 

one, including milk, earth and quicksilver.  In this way, the volume remains constant 

while the weight changes.  The relative weight at equal volume translates into relative 

densities.  The second core experiment involves using a bladder to investigate the 

transition from liquid to vapour.  The bladder is attached to a glass vessel filled with 

water.  The vessel is heated until the water boils and the bladder inflates.  The main 

object is to establish how much of the water turns into steam.  Bacon tried this 

experiment with various substances, including wine and vinegar.  Through the variation 

of these experimental parameters, new experiments, scenarios and effects could be 

generated in a steady, step-by-step fashion.  The sequence is open-ended. 

When we consider Bacon’s experientia literata alongside Newton’s observations, we 

notice some similarities.  Firstly, each series of observations was built around a few core 

experiments.  For example, in book 2 Part I, the series was based on the core idea of 

pressing together two prisms to observe the colours that appear.  In part IV, the series 

was based around the idea of reflecting light off a glass speculum. 

Secondly, new observations were generated by the variation of experimental 

parameters.  So in book 2 part I, new observations were generated, first by varying the 

obliquity of the incident rays, then by varying the glass instruments, then by varying the 

colour of the incident light, and so on. 

Thirdly, the sequence was open-ended.  The series of observations could have 

continued, perhaps indefinitely, simply by varying each of the parameters in turn.  At the 

                                                 

123 Here I am using one of Jalobeanu’s examples.  For a more detailed discussion of these 

experiments, see (Jalobeanu, 2011: 92-96). 
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end of each sequence, Newton noted further variations that could be made that would 

give either new or more precise observations. 

Fourthly, the experimental process itself revealed things about the phenomena, 

beyond what was revealed by a collection of facts.  For example, in observation 1 part I, 

Newton noticed that increasing the pressure on the two prims produced a transparent 

spot.  On the one hand, this observation revealed that, when there was no gap between 

the two glass surfaces, all the light was transmitted.  From this, Newton inferred that 

light could only be reflected when there was a medium of a different density in between.  

On the other hand, this revealed that reflected light varied according to the thickness of 

the medium.  This suggested to Newton a way of quantifying the phenomenon: he 

introduced regularly curved object glasses, which made the variation in thickness regular, 

and hence, measurable. 

Fifthly, the trajectory of the experimental series was towards increasingly general 

facts about the phenomena.  For example, in book 2 part I, Newton began by simply 

counting the number of rings and describing the sequence of colours under specific 

experimental parameters.  But eventually he showed that the number of rings and their 

colours was a function of the thickness and density of the film.  This is a much more 

general result. 

Finally, the results of the observations were collated and presented as tables in part 

II.  Thus, the tables in part II constitute the facts to be explained in part III. 

Now consider the experiments in book 1.  Firstly, these experiments were similarly 

based around one or two core experiments.  But Newton did not give a series of 

experiments.  Rather, he selected a small number of experiments – those that he 

considered to be particularly illuminating or, in his own words, “necessary to the 

Argument” (Newton, 1952: 132).  Such experiments are examples of what Bacon would 

have called an ‘Instance of Special Power’.  Instances of special power were supposed to 

be particularly illuminating in various different ways.  Some were supposed to provide an 

instantia crucis124 that decided between two competing theories or explanations – what 

Newton called an experimentum crucis.  Others were seen as providing a particularly clear or 

                                                 

124 Bacon’s notion of instantia crucis (a crucial instance) is broader than Boyle’s notion of experimentum 

crucis, in that it refers to observations and experiments.  In contrast, Boyle’s notion refers almost exclusively 

to experiments (Anstey & Hunter, 2008: 112). 
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informative experiment.  These might illuminate the phenomenon or an experimental 

technique.  In the Opticks, Newton did not give any of these experiments the label 

‘experimentum crucis’, unlike in his first paper.  But it is clear that these experiments were 

supposed to provide a particular kind of support or help. 

Secondly, while these experiments individually were supposed to give strong, or even 

conclusive, support for the proposition, Newton usually provided more than one 

experiment.  Consider, for example proposition 2 part I, The Light of the Sun consists of Rays 

differently Refrangible (Newton, 1952: 26).  In his first paper, Newton provided a single 

experiment to demonstrate this claim: the experimentum crucis.  Newton held this 

experiment to be particularly powerful, in that it conclusively supported the new theory 

over the old.  However, when Newton introduced the same claim as proposition 2 in the 

Opticks, the experiment formerly known as the ‘experimentum crucis’ was simply ‘experiment 

6’, and was one of eight experiments described to support the proposition.  In the 

scholium to this proposition, Newton explained that, by describing a variety of 

experiments, he had intended to demonstrate the generality of the proposition.  That is, 

taken together, these experiments were supposed to show that the proposition holds for 

sunlight reflected from natural and man-made bodies, with different angles of incidence, 

and refracted in a variety of ways.  The illustrations and increasing complexity of the 

experiments suggest that these experiments are about more than just proof or 

confirmation of the proposition.  These experiments were supposed to be an exercise for 

the mind.  They were supposed to be replicated, or at least followed carefully.  On 

Bacon’s view, replication was not just an exercise for verifying evidence: it was a good 

way to ensure that one has truly grasped the phenomenon.  It seems reasonable to 

suppose that this was why Newton did not start with the most complicated experiments, 

but rather, the simple ones.  From his experiences in the early 1670s, Newton knew that 

a lot was riding on the acceptance of proposition 2.  So he led the reader by the hand 

through the phenomenon, to ensure that they properly grasped it. 

Thirdly, as we saw when we looked at proposition 2 part II, Newton reused many of 

his experiments.  He reintroduced them in different contexts to illuminate and support 

different propositions.  And varying the parameters in different ways enabled him to 

develop different points.  These three features of the experiments in book 1 serve to give 

them a Baconian flavour, even if Newton did not conceive of them under the rubric of 

Baconian natural history. 
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3.2.5 Summary 

I have argued that Newton was working with a distinction between experiments and 

observations.  Typically, this distinction turns on the level of intervention involved.  But 

Newton’s usage of these terms does not fit this distinction. 

In the Opticks, both observation and experiment display high levels of intervention: 

isolated explanatory targets, creation of novel scenarios, and manipulation of variables.  I 

have argued that a different kind of distinction was operative in Newton’s use of the 

terms ‘experiment’ and ‘observation’.  Where the standard definition concerns content, 

Newton’s definition concerns function.  In very general terms, observations are involved 

in the process of discovery, but experiments are involved in the process of justification. 

Newton’s observations are analogous to Bacon’s method of experientia literata, the 

method by which Baconian natural histories are generated.  In contrast, Newton’s 

experiments seem to be instances of special power.  They are particularly illuminating 

cases that are introduced to provide support for specific propositions.  Book 2 provides a 

striking example of conformity to the method of experimental philosophy that was 

followed by the Royal Society: it leads the reader from observations, to tables of facts, to 

propositions.  Moreover, that it ends with a further series of observations makes it look 

like a work in progress.125 

3.3 Queries and the Method of Hypotheses 

There is a widespread view among commentators that the queries of the Opticks were 

hypotheses.  Their speculative content, combined with Newton’s explicit anti-

hypothetical stance, has led scholars (e.g. (Anstey, 2004), (Cohen, 1969), (Shapiro, 1993)) 

to conclude that those queries were hypotheses disguised as questions.  These 

commentaries give the impression that Newton was being disingenuous in his 

introduction of queries.  That is, that he was shuffling hypotheses into his natural 

                                                 

125 There are two issues here.  One is establishing the extent of Bacon’s historical influence on 

Newton.  The other is establishing the extent to which Bacon’s methodology can illuminate Newton’s.  

With regard to the former, there is good evidence that Newton read Bacon’s Historia densi et rari (Jalobeanu 

has noted that Newton’s copy of this natural history is dog-eared enough to suggest that he read it carefully 

(Jalobeanu, 2014)).  Indeed, it seems likely that Newton read Bacon’s work carefully, and then reflected 

upon it, critically and creatively, to develop his own methodological approach.  However, even without 

establishing a historical influence, Bacon’s methodology certainly illuminates Newton’s. 
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philosophy and trying to hide them under a different label.  In this section, I put a 

different spin on Newton’s use of queries.  I agree that, in terms of content, these queries 

should be understood as hypotheses rather than theories.  However, I argue that, in the 

Opticks, hypotheses and queries performed different functions.  Moreover, it was 

appropriate that Newton’s speculative conclusions were set down as a series of queries, 

rather than hypotheses. 

3.3.1 The queries: an overview 

Newton gave a sequence of thirty-one queries (by the third edition) of increasing 

complexity, length, and speculative content.  The first few are usually considered to be 

relatively innocuous: 

Query 1.  Do not Bodies act upon Light at a distance, and by their action bend its Rays; and is not 

this action (cæteris paribus) strongest at the least distance? 

Qu. 2.  Do not the Rays which differ in Refrangibility differ also in Flexibility; and are they not by 

their different Inflexions separated from one another, so as after separation to make the Colours in 

the three Fringes above described?  And after what manner are they inflected to make those 

Fringes? 

Qu. 3.  Are not the Rays of Light in passing by the edges and sides of Bodies, bent several times 

backwards and forwards, with a motion like that of an Eel?  And do not the three Fringes of 

colour’d Light above-mention’d arise from three such bendings? 

Qu. 4.  Do not the Rays of Light which fall upon Bodies, and are reflected or refracted, begin to 

bend before they arrive at the Bodies; and are they not reflected, refracted, and inflected, by one 

and the same Principle, acting variously in various Circumstances? 

From these first four queries, we get an idea of what Newton was trying to do.  He was 

trying to find a way to explain the phenomenon of diffraction in terms of the doctrine he 

had set out in books 1 and 2, drawing on some of the ideas he had touched on in the 

Principia (1687).  In query 2, Newton wondered if flexibility might be an original property 

of light, which, like refrangibility, separated light into its different colours.  In query 3, 

Newton was wondering if his theory of fits, introduced in book 2, could be extended to 

light that appeared to be bent by the shadows of surfaces, rather than by the surfaces 

themselves.  Hence, queries 1 and 4 concerned action at a distance.  Newton had 

addressed this issue in the final section of Book 1 of the Principia, which concerned “The 

motion of minimally small bodies that are acted on by centripetal forces tending toward each of the 

individual parts of some great body” (Newton, 1999: 622). 



 

 116 

The queries continued in this way, exploring the relationship between bodies and 

light.  They examined topics such as: Whether light can act on bodies just as bodies can 

act on light; the relationship between light and heat; the mechanism by which light 

interacts with the brain to cause sight; the possibility of the existence of an aethereal 

medium that can propagate such things as heat and light and the properties and 

explanatory power of such a medium; whether there are other original properties of rays 

of light; whether rays of light are very small particles; and the properties and explanatory 

power of such particles. 

Newton ended the Opticks with Query 31: 

Quest. 31.  Have not the small Particles of Bodies certain Powers, Virtues, or Forces, by which they 

act at a distance, not only upon the Rays of Light for reflecting, refracting, and inflecting them, but 

also upon one another for producing a great Part of the Phænomena of Nature? 

But the discussion following this query went well beyond this question.  Newton started 

by considering the forces of attraction and the properties of bodies, describing various 

places in nature where these phenomena occur.  Along the way, he raised further 

questions, such as “when Salt of Tartar runs per Deliquium, is not this done by an 

Attraction between the Particles of the Salt of Tartar, and the Particles of the Water 

which float in the Air in the form of Vapours?”(Newton, 1952: 376-377)  He then 

considered the goals and methodology of natural philosophy, and then the nature and 

power of God.  The discussion ended with a statement about the methods of analysis 

and synthesis, and their use in the Opticks.  He concluded: 

And if natural Philosophy in all its Parts, by pursuing this Method, shall at length be perfected, the 

Bounds of Moral Philosophy will be also enlarged.  For so far as we can know by natural 

Philosophy what is the first Cause, what Power he has over us, and what Benefits we receive from 

him, so far our Duty towards him, as well as that towards one another, will appear to us by the 

Light of Nature (Newton, 1952: 405). 

3.3.2 Hypotheses in the Opticks 

Newton’s queries have been heavily criticised for their speculative content and the fact 

that these assertions are disguised as questions – and not even very carefully or 

convincingly.  As Cohen has pointed out in his Preface to the Dover edition of the 

Opticks, the hypothetical nature of queries is barely obscured by the fact that he wrote 

them as questions rather than propositions (Newton, 1952: xxxv).  Thus, commentators 
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have often accused Newton of using queries to slip hypotheses into his work under a 

more respectable guise. 

In chapter 2 we saw that, in his early optical work, Newton had a clear notion of 

hypotheses.  This notion was two-pronged.  The first prong concerned content, and I 

identified three disjunctive criteria that define ‘hypothesis’ in contrast to ‘theory’.  The 

second prong concerned method, and I identified two acceptable roles for hypotheses in 

Newton’s early natural philosophical method.  In this section, I consider the extent to 

which this early notion of hypotheses was operative in the Opticks. 

Firstly, recall Newton’s early definition of a ‘hypothesis’.  A proposition is a 

hypothesis iff it meets at least one of the following criteria: 

H1. It is, at best, only highly probable; or 

H2. It is a conjecture or speculation – something not based on empirical 

evidence; or 

H3. It is concerned with the nature of the thing, rather than its observable, 

measurable properties. 

Recall that this definition is basically the negation of the definition for calling a 

proposition a ‘theory’.  Thus, a proposition is either a theory or a hypothesis.  Moreover, 

we saw that hypotheses played a specific supporting role in Newton’s quest for theories 

that were certainly true.  He identified two methodological roles for hypotheses: 

1) To suggest experiments; and 

2) To illustrate the theory. 

So correct usage of a hypothesis involved using it for one of two specific purposes: either 

to suggest some experiments that would provide clearer insight into the phenomena, or 

to illustrate the theory, thus making it less abstract and easier to understand.  An 

important feature of these supporting roles is that the epistemic status of a hypothesis 

was not the issue.  Newton had noted that hypotheses were underdetermined by the 

evidence.  And for this reason, it was not possible to establish the truth of one 

hypothesis above all the others fitting the same evidence.  Therefore, hypotheses had 

little value in their own right, and were to be employed only insofar as they could 

facilitate the development and justification of the theory.  Moreover, they were only to be 

introduced in such a way that they would not directly influence the epistemic status of a 

theory.  To put a modern spin on this point, a hypothesis was not to be treated as 
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evidence to be taken into account when updating the credence value of a theory.  A 

hypothesis could only support a theory in two ways: firstly, by helping to discover some 

new empirical evidence that might, in turn, raise the credence value of the theory; and 

secondly, by increasing the conceivability of the theory.126  Thus, hypotheses were to be 

treated as temporary scaffolding: they were to be removed in the final presentation of the 

theory.  This means that hypotheses had a purely instrumental role in Newton’s 

methodology.  In chapter 2, we saw this method in practice in Newton’s 1675 

‘Hypothesis’ paper. 

I now consider Newton’s use of hypotheses in the Opticks in order to argue that the 

same notion of hypothesis was operative.  In book 2, Newton introduced a hypothesis in 

his discussion of proposition 12 part III, Every Ray of Light in its passage through any refracting 

surface is put into a certain transient constitution or State, which in the progress of the ray returns at 

equal Intervals, and disposes the Ray at every return to be easily transmitted through the next refracting 

Surface, and between the returns to be easily reflected by it (Newton, 1952: 278).  To support this 

proposition, Newton drew on his observations from part I.  He argued, firstly, that 

observations 5, 9, 12 and 15 showed that rays of equal incidence were alternately 

reflected and transmitted, and that this alternating was periodic, increasing in an 

arithmetical progression.  Secondly, that observation 24 showed that this alternation 

continues “without end or limitation” (Newton, 1952: 279).  Thirdly, that observation 21 

showed that this alternation depends on both surfaces of the thin plate, because if either 

surface changed, then the phenomenon changed.  Therefore, the alternation was 

performed on both surfaces (otherwise it would be performed on one surface and not 

the other). 

Newton recognised that, in the abstract, this was not an easy concept to grasp.  In 

particular, he thought that some readers would be concerned about finding a physical 

mechanism to explain this kind of alternation.  So he provided a hypothetical 

explanation.  He began with a disclaimer: it was not his purpose to inquire into the nature 

of the action or disposition (i.e. “Whether it consists in a circulating or a vibrating 

motion of the Ray, or of the Medium, or something else” (Newton, 1952: 280)).  

                                                 

126 Here I am distinguishing between epistemic support and other kinds of, non-truth-related, 

support.  The former can increase the probability or credence of a theory, but the latter can only influence 

the plausibility or conceivability of a theory. 
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However, for the benefit of those who needed to be assured that some hypothesis could 

explain this disposition, he proceeded to outline his hypothesis.  He directed his readers 

to consider how, when stones fall on water, they create ripples in the water.  He 

suggested that rays of light might cause the medium or substance of a reflecting or 

refracting surface to vibrate in a similar way.  This vibration, in turn, agitates the solid 

parts of the reflecting or refracting body, causing the body to grow warm or hot.  The 

vibrations are propagated through the medium (like sound through air), and move faster 

than the rays, thus overtaking them.  So when the ray is in a vibration that is moving in 

the same direction, it will easily pass through the refracting surface, and thus be 

transmitted through the adjacent medium.  However, when a ray is in a vibration that is 

moving in a different direction, instead of being transmitted, it will reflect off the surface. 

Newton was careful to maintain epistemic distance from this explanation.  He wrote: 

But whether this Hypothesis be true or false I do not here consider.  I content my self with the bare 

Discovery, that the Rays of Light are by some cause or other alternately disposed to be reflected or 

refracted for many vicissitudes (Newton, 1952: 280-281). 

Moreover, to emphasise this point, he introduced a new definition: 

DEFINITION. 

The returns of the disposition of any Ray to be reflected I will call its Fits of easy Reflexion, and those of its 

disposition to be transmitted its Fits of easy Transmission, and the space it passes between every return and the 

next return, the Interval of its Fits (Newton, 1952: 281). 

By introducing this definition, Newton was trying to avoid using hypothesis-loaded 

language to explain (what he saw as) a hypothesis-free physical concept. 

This usage of a hypothesis followed Newton’s early method to the letter.  Firstly, it 

met all three conditions for calling something ‘hypothesis’.  Secondly, it played one of the 

accepted roles: it illustrated the theory.  It was introduced for a specific purpose: to make 

the theory more plausible by suggesting a hypothetical mechanism based on an analogy 

with a known physical concept.  Thirdly, Newton emphasised that the truth-value of the 

hypothesis was irrelevant, since it had no impact on the epistemic status of the 
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proposition it was introduced to support.127  Newton explicitly and precisely defined the 

scope and purpose of the hypothesis.  And then, by introducing the definition, signalled 

the end of the speculation and the removal of the hypothesis from consideration.128 

What this case shows us is that Newton still conceived of ‘illustration’, in a carefully 

controlled way, as an acceptable role for hypotheses.  Hypotheses continued to perform 

a specific supporting role for theories.  One in which their truth or falsity was irrelevant. 

3.3.3 The role of queries in the Opticks 

I shall now argue that the queries in the Opticks fit Newton’s early definition of 

‘hypothesis’, but they performed a function that was incompatible with Newton’s early 

method of hypotheses. 

Consider the first prong of Newton’s notion of hypothesis: content.  There is an 

obvious semantic difference between the queries of the Opticks and Newton’s 

hypotheses: the hypotheses are propositions, whereas the queries are questions.  

Propositions can be truth-bearers, but, if we take them at face value, questions cannot.  

This distinction between questions and propositions becomes fuzzy when we notice that 

commentators have usually interpreted these queries as propositions.  For example, in 

the 1952 Dover edition of the Opticks (Newton, 1952), the analytical table of contents 

paraphrases the queries as propositions, not questions.  For example, “Query 1. Bodies act 

upon light at a distance, thereby bending rays...” (Newton, 1952: cvii).  Cohen has 

pointed out that, while they are, grammatically speaking, questions, the queries are not 

“truly interrogatory” (Newton, 1952: xxxv).  Thus, he takes the queries as assertions 

rather than questions. 129  So for these reasons, we can read them as propositions. 

                                                 

127 The truth-value of this hypothesis was irrelevant to the present discussion.  However, it can be 

seen by his discussion in query 17 that Newton was in fact quite committed to it. 

128 Some commentators have argued that this removal was incomplete (e.g. Shapiro, 2001). 

129 There is an extensive literature on this idea of questions having the force of assertions.  Questions 

such as the ones Newton labels ‘queries’ may be analysed as ‘indirect assertions’.  A speech act is indirect 

when the illocutionary force of the speech is different to the one standardly correlated with the sentence 

type.  A standard example is the question “can you pass the salt?”.  The direct speech act is a request for 

information: ‘are you able to pass the salt?’.  However, this question is almost universally interpreted as a 

request: ‘pass the salt to me’.  This interpretation is regarded as an indirect speech act.  For discussions on 

indirect assertions, see (Levinson, 1983, Pagin, 2014). 
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If we can read the queries as propositions, despite their semantic structure, then we 

should read them as hypotheses, rather than theories.  Newton did not assert them with 

certainty, so it is clear that they are, at best, only highly probable.  So they meet the first 

condition of the early definition of ‘hypothesis’, H1.  They are not reliably inferred from 

experiment – the only evidence is by analogy – so they are conjectures or speculations.  

So they also meet H2.  Finally, many of them do not concern the observable measureable 

properties of light but its nature, so they meet H3.  So the queries fit the first prong of 

Newton’s notion of hypothesis: their content is hypothetical. 

I now turn to the second prong, and consider the role these queries played in Book 

3.  Book 3 ostensibly concerned diffraction.  It began with eleven observations exploring 

the phenomenon of coloured fringes that appear on the edges of shadows.  Evidently, 

Newton had hoped to give an account of this phenomenon using his theory of light and 

colour from book 1, along with his theory of fits from book 2.  However, Newton had 

reached an impasse.  He had tried to explain the phenomenon under investigation by 

reducing the observational data to a clear, simple, straightforward set of propositions.  

But in this, he had failed.130  His solution was to introduce the queries.  He wrote: 

When I made the foregoing Observations, I design’d to repeat most of them with more care and 

exactness, and to make some new ones for determining the manner how the Rays of Light are bent 

in their passage by Bodies for making the Fringes of Colours with the dark lines between them.  

But I was then interrupted, and cannot now think of taking these things into farther Consideration.  

And since I have not finish’d this part of my Design, I shall conclude with proposing only some 

Queries, in order to a farther search to be made by others (Newton, 1952: 338-339). 

While he could have carried out some more experiments (as we have seen, by experientia 

literata, Newton could have continued to explore the phenomenon indefinitely), instead 

of persisting with the series and producing more observations, he introduced the queries. 

In the above quote, we see that the explicit purpose of the queries was to propose 

some avenues of inquiry to be investigated by others.  This stands in clear contrast to the 

hypothesis introduced in book 2.  The hypothesis was introduced merely to show that it 

was possible to tell a plausible story about the underlying mechanism of fits.  Whether or 

not the story was true was explicitly irrelevant.  Newton had made it clear that truth or 

falsity of the hypothesis was besides the purpose of its introduction.  In contrast, the 

                                                 

130 Cohen has described Newton as “baffled” by the observational data (Newton, 1952: xlix). 
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queries were introduced to stimulate inquiry and further the research.  To this end, 

whether or not they were true was the motivating issue.  The queries were stated and 

discussed so that others might come along and establish their truth (or falsity). 

In some cases, a query was raised and then answered in the course of the discussion.  

For example, query 25, “Are there not other original Properties of the Rays of Light, 

besides those already described?” (Newton, 1952: 354).  Four pages later, after describing 

some experiments involving Island Crystal, Newton concluded: 

And therefore there is an original difference in the rays of Light, by means of which some Rays are 

in this Experiment constantly refracted after the usual manner, and others constantly after the 

unusual manner […](Newton, 1952: 358) 

But this query ends with another inquiry. 

And it remains to be enquired, whether the Rays have not more original Properties than are yet 

discover’d (Newton, 1952: 358). 

Thus, leaving still more work to be done. 

From this analysis we can see that the main difference between hypotheses and 

queries in the Opticks seems to be the relevance of their respective truth-values.  We saw 

that Newton introduced a hypothesis in a situation where its truth or falsity was not at 

issue.  He introduced it in order to ‘illustrate’ his theory by describing a plausible, but 

possibly fictitious physical mechanism by analogy with a known physical mechanism.  

But he tried to use the hypothesis in such a way that its truth or falsity would have no 

direct effect on the epistemic status of the theory it was introduced to support.  This use 

of the hypothesis is remarkable, because this is exactly how Newton said they should be 

used.  In contrast, the truth-values of the queries in the Opticks were relevant.  The queries 

were introduced so that eventually they might be resolved.  So, while the queries of the 

Opticks were hypothetical in content, they were not hypothetical in function: they did not 

conform to Newton’s early method of hypotheses. 

3.3.4 The Opticks and Newton’s early queries  

So far, we have seen that the queries in the Opticks have similar content to the early 

hypotheses, but differ in function.  I shall now compare these queries to the early queries. 

In chapter 2 we saw that, in Newton’s early work on optics, queries and hypotheses 

tended to be clearly differentiated.  Queries raised questions regarding the observable, 



 

 123 

measurable properties of light, whereas the hypotheses tended to concern the nature of 

light.  It was easy to see that queries were not just hypotheses under a different name; 

they were empirical questions that were to be resolved by experiment.  While the early 

queries fit H1 of the early definition of ‘hypothesis’, they played a different role to 

hypotheses.  The early queries performed two functions in Newton’s methodology.  

Firstly, they provided a proper way to test and develop the theory, by identifying the 

empirical consequences of the theory.  Secondly, they framed a theoretical dispute in 

experimental terms in order to steer the debate towards an empirical solution.  We have 

seen that the queries of the Opticks function in quite a different way.  Where the early 

queries seemed to be tied to a specific experimental program, and the questions 

addressed specific theoretical points, the queries in the Opticks explored a broader range 

of ideas.  The latter queries were stated to set out a research program. 

While the specific functions were different, there were three general similarities 

between the early queries and the ones in the Opticks.  Firstly, they displayed a similar 

semantic redundancy.  As we saw in chapter 2, the early queries could be interpreted as 

propositions, because of the rhetorical way in which they were raised.  Nevertheless, they 

were not certainly true, but were raised in order to provide the means for establishing the 

certainty of theories via experiments.  The early queries tended to take the form, ‘whether 

it is the case that p?’  And the queries in the Opticks took the form, ‘is it not the case that 

p?’  While the latter might be a slightly stronger form of indirect assertion or suggestive 

question, they both function in this way. 

Secondly, related to the first point, the early and later queries shared a concern with 

truth-value.  While we can regard them as propositions, they were information-seeking.  

In both cases, queries are stated in order to be resolved: the truth-value of p was relevant.  

This is an important methodological feature that seems to connect the two groups of 

queries, and to demarcate them from Newton’s (explicitly labelled) hypotheses. 

Finally, they shared a general experimental outlook, concerned with steering the 

discussion towards an empirical solution.  The role of the early queries was to identify 

the testable consequences of theories and hypotheses, and thus, to steer theoretical 

debates towards empirical solutions.  In the Opticks, despite the speculative content and 

concern with the nature of light, these were experimental research programs.  Some 

queries contained lots of discussion of observation and experiment, others, little or none.  

Moreover, the experimental discussion was, for the most part, sketchy and qualitative.  
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The purpose of experimental discussion in these queries seems to have been to show that 

these were plausible lines of inquiry, and to suggest ways in which the empirical research 

might be carried out.  Anstey (Anstey, 2004) has argued that many of the queries that 

appeared in the first edition of the Opticks (i.e. queries 1-16) look like contributions to an 

experimental natural history.  These queries were being used to stimulate the gathering of 

observational evidence.  That this was an ongoing concern for Newton can be seen by 

the addition of new observations to several of the queries in the second edition.  It is also 

significant that query 28 ended with a methodological statement decrying the feigning of 

hypotheses, followed by a list of fourteen queries that “set out a desiderata for natural 

philosophical inquiry” (Anstey, 2004: 265). 

3.3.5 Summary 

I have examined the claim that the queries introduced in book 3 of the Opticks were 

hypotheses in disguise.  Drawing on my earlier discussions of the definitions and roles of 

hypotheses and queries in Newton’s early optical work, I have argued that these queries 

may be considered hypotheses in terms of content, but not function.  I argued that, while 

they fit Newton’s early definition of ‘hypothesis’, they do not follow Newton’s method 

of hypotheses.  So, in the context in which they appear in the Opticks, they should be 

regarded as queries: that is, as something functionally distinct from hypotheses.  

Therefore, I argued that, in Newton’s methodology, it was context and function, more 

than content, that decided whether a proposition would be presented as a query or 

hypothesis. 

In 1715, in his anonymous account of the Commercium Epistolicum, Newton wrote: 

The Philosophy which Mr. Newton in his Principles and Optiques has pursued is Experimental; and it is 

not the Business of Experimental Philosophy to teach the Causes of things any further than they 

can be proved by Experiments.  We are not to fill this Philosophy with Opinions which cannot be 

proved by Phænomena.  In this Philosophy Hypotheses have no place, unless as Conjectures or 

Questions proposed to be examined by Experiments.  For this Reason Mr. Newton in his Optiques 

distinguished those things which were made certain by Experiments from those things which 

remained uncertain, and which he therefore proposed in the End of his Optiques in the Form of 

Queries (Newton, 1715: 222). 

As we have seen, this is exactly what he was doing!  According to Newton’s 

methodology, there were only two good reasons to introduce a speculative claim (i.e. a 

hypothesis).  Either: 



 

 125 

1) To provide some indirect support for the theory; or 

2) To give directions for further research. 

When the aim is to introduce a conjecture to provide indirect support for a theory, then 

one must be careful not to assert that conjecture in such a way that its truth or falsity is 

irrelevant.131  Alternatively, when the aim is to give directions for further research, then 

those directions should be stated as questions, so that its truth or falsity is relevant but 

not assumed.  So it is entirely possible to find the same speculative claim included as 

both a hypothesis and a query.  We should not look at Newton as disingenuous for using 

queries in this way.  Rather, we should read Newton as following a methodology in 

which he carefully delineated between propositions that were used for different 

purposes. 

3.4 Epistemic Triad and the Opticks 

In chapter 2, I argued that, in Newton’s early optical work, his broad methodological 

framework could be characterised as an epistemic triad.  This epistemic triad drove 

Newton’s scientific investigations towards certainty.  His goal was to produce 

determinate natural philosophical claims.  Hypotheses and queries performed auxiliary 

functions in the trajectory towards theories that are certainly true.  I set out these general 

features in the following four claims: 

E1. The epistemic triad drives Newton’s natural philosophical research in a trajectory 

from experiment to certainty, using mathematical reasoning; 

E2. The fundamental distinction between the three key methodological terms – theory, 

hypothesis, and query – is epistemic, and turns on the level of certainty; 

E3. Hypotheses play a supporting role to theories in which the truth of the hypothesis 

is irrelevant; and 

E4. Queries play a supporting role to theories in which the object is to resolve the 

query. 

In this section, I shall argue that these methodological features were present in the 

Opticks. 

                                                 

131 Recall that a speculative conjecture can never provide direct support for a theory. 
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3.4.1 Mathematics and the aim of certainty 

We have seen that, in Newton’s early work, his goal was to create a mathematical science, 

the product of which would be certainty.  Newton aimed to reason from certain 

principles and axioms to propositions, without epistemic loss.  Following Isaac Barrow, 

he thought he could achieve certainty in natural philosophy by starting with certain 

physical principles and reasoning, in a quasi-geometrical fashion, to certain propositions. 

We have seen that these early methodological features were also present in the 

Opticks.  Firstly, Newton intended the Opticks to have a certain amount of mathematical 

rigour.  This can be seen, for example, in book 1, where Newton tried define ‘ray’ in such 

a way that it would be compatible both with the geometry described in the axioms, and 

also, so that it could be applied to physical rays.  Moreover, many of the methodological 

passages found in the Opticks bear a striking resemblance to those in Newton’s early 

optical work.  For example, in book 1 part II, he wrote: 

And these Theorems being admitted into Opticks, there would be scope enough of handling that 

Science voluminously after a new manner, not only by teaching those things which tend to the 

perfection of Vision, but also by determining mathematically all kinds of Phænomena of Colours 

which could be produced by Refractions (Newton, 1952: 131). 

And in book 2 part II, he wrote: 

And in this respect the Science of Colours becomes a Speculation as truly Mathematical as any 

other part of Opticks (Newton, 1952: 244). 

That these methodological passages are found in the Opticks shows us that Newton’s 

natural philosophical method continued to have strong mathematical bent. 

Secondly, while the claims to certainty were slightly more muted, we can see that 

Newton still aimed for (and thought he had achieved) truth: 

And the Demonstration being general, without determining what Light is, or by what kind of Force 

it is refracted, or assuming anything farther than that the refracting Body acts upon the Rays in 

Lines perpendicular to its Surface; I take it to be a very convincing Argument of the full truth of 

this Proposition (Newton, 1952: 81-82). 

And: 

Now as all these things follow from the properties of Light by a mathematical way of reasoning, so 

the truth of them may be manifested by Experiments (Newton, 1952: 240). 
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Compare these with what Newton wrote to Hooke in 1672: 

And that this whitenesse is produced onely by a successive intermixture of the colours without their 

being assimilated or reduced to any uniformity, is certainly beyond all possibility of 

doubting…(Newton, 1959-1977: Vol. 1, 182-183) 

In the Opticks, Newton repeatedly asserted the truth of his propositions, but not the 

emphatic certainty that we saw in his early work.  Perhaps Newton had at last learned to 

be cautious! 

3.4.2 Observation and experiment 

In Newton’s early work, the manner in which experiments were carried out, and 

observations made, was closely related to his aim of certainty.  So it is not surprising to 

find a similarly strong emphasis on experiment and observation in the Opticks.  I have 

argued that Newton was working with a distinction between experiment and observation.  

Typically, the distinction between experiment and observation turns on the level of 

intervention involved.  But Newton’s usage of these terms did not fit this distinction. 

In the Opticks, both observation and experiment displayed high levels of 

intervention: he employed instruments in order to isolate explanatory targets, create 

novel scenarios, and manipulate variables.  I have argued that a different kind of 

distinction was operative in Newton’s use of the terms ‘experiment’ and ‘observation’.  

Where the standard definition concerns content, Newton’s definition concerned 

function.  In very general terms, observations were involved in the process of discovery, 

but experiments were involved in the process of justification. 

Newton’s observations seem to follow Bacon’s method of experientia literata, the 

method by which Baconian natural histories are generated.  In contrast, Newton’s 

experiments seem to be instances of special power.  They are particularly illuminating 

cases that are introduced to provide support for specific propositions.  Book 2 provides a 

striking example of conformity to the method of experimental philosophy that was 

followed by the Royal Society: it leads the reader from observations, to tables of facts, to 

propositions.  Moreover, that it ends with a further series of observations makes it look 

like a work in progress. 

3.4.3 Hypotheses and queries 

In Newton’s early work, he employed a distinction between theories, which were 

certainly true, and hypotheses, which were uncertain and speculative.  Newton avoided 
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using hypotheses in his work – not wanting to “mingle conjectures with certainties” 

(Newton, 1959-1977: Vol. 1, 100).  We have seen that, in the Opticks, Newton’s 

distinction between certain and uncertain propositions continued to be operative.  

However, Newton’s careful avoidance of hypotheses and his aim of certainty are called 

into question by the presence of the queries in book 3. 

I have examined the claim that the queries introduced in book 3 of the Opticks were 

hypotheses in disguise.  These queries fit Newton’s early definition of ‘hypothesis’.  So in 

terms of content, they may be regarded as hypotheses.  However, they do not follow 

Newton’s method of hypotheses.  So, in the context in which they appear in the Opticks, 

they should be regarded as queries: that is, as something functionally distinct from 

hypotheses.  In his 1715, anonymous account of the Commercium Epistolicum, Newton 

explained his decision to use the label ‘query’.  He wrote, “In this Philosophy Hypotheses 

have no place, unless as Conjectures or Questions proposed to be examined by 

Experiments” (Newton, 1715: 222).  Thus, according to Newton, there were only two 

good reasons to introduce a speculative claim (i.e. a hypothesis).  Either: 

1) To provide some indirect support for the theory; or 

2) To give directions for further research. 

If one’s aim is (1), then they should assert the hypothesis in such a way that its truth or 

falsity is irrelevant.  If one’s aim is (2), then they should state the hypothesis as a 

question, so that its truth or falsity is relevant but not assumed.  So it is entirely possible 

to find the same speculative claim included as both a hypothesis and a query.  We should 

not look at Newton as disingenuous for using queries in this way.  Rather, we should 

read Newton as following a methodology in which he carefully delineated between 

propositions that were used for different purposes. 

Anstey (2004) has argued that Newton found three different uses for his queries: 

1. As general questions arising from reflection on problems of natural philosophy (as 

seen in the Trinity notebook – and there is evidence that he continued to use queries 

in this way until late in life); 

2. As intermediate heuristic devices for steering an established experimental program 

(e.g. in his letter to Oldenburg – 6 July 1672); and 

3. As de facto hypotheses on which he elaborated in a discursive, even speculative, 

manner. 
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I don’t think any of what I have said contradicts Anstey’s claims about the different uses 

of queries in Newton’s work.  Rather, by deploying the distinction between content and 

function, I have taken the analysis further. 

3.4.4 Lessons from the methodology of the Opticks 

We have seen that, in the Opticks, Newton continued to negotiate the tension between 

certainty and principles drawn from experiment.  In book 1, Newton provided 

propositions, the certainty of which was seen by his method of ‘proof by experiments’.  

In book 2, Newton provided a series of ‘observations’ in part I, which, in part II he 

sorted into tables of numbers.  These tables became the facts which, along with the 

propositions from book 1, allowed him to infer the propositions in part III.  Newton’s 

claims to truth and his emphasis on experiment and observation show that, like his early 

optical work, Newton’s methodology in the Opticks drove his scientific investigation from 

observation and experiment to propositions, via mathematical reasoning. 

Despite this methodology, we have seen that, with regard to his own goals, Newton’s 

investigations failed.  In book 3, instead of propositions deduced from the observations, 

he provided queries: speculative propositions that suggested a framework for a future 

research program.  Newton’s use of queries has often been considered disingenuous: 

commentators have argued that Newton was using queries as a way of slipping 

hypotheses into his work under a different guise.  I have argued that, in the Opticks, while 

hypotheses and queries are similar in content, they perform different functions.  

Therefore, in Newton’s methodology, context and function, more than content, decided 

whether something was presented as a query or hypothesis. 

There are two general points we can draw from Newton’s methodology in the 

Opticks.  Firstly, Newton continued to distinguish between things that were certain and 

things that were uncertain.  Hence, we find propositions on one side of the divide, and 

hypotheses and queries on the other.132  Secondly, Newton applied labels to different 

theoretical entities based primarily on their function, rather than their content.  Hence, 

we find distinctions between hypotheses and queries, and between experiments and 

observations.  This second point gives us some insight into Newton’s distinctive 

rhetorical style.  He took familiar terms, such as ‘hypothesis’, ‘query’ and ‘observation’, 

                                                 

132 That is, things explicitly labelled as such. 
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and used them in almost-familiar ways.  He bent them to his needs, and subtly changed 

their meanings.  This rhetorical style can be seen even more clearly in Newton’s Principia, 

which I shall discuss in the next chapter.
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4 The Principia 

 

In this chapter, I turn from Newton’s optical work to consider another facet of his 

natural philosophy: celestial mechanics (Newton called it ‘rational mechanics’).  Drawing 

on my conclusions from chapters 2 and 3, I consider Newton’s Principia, which was first 

published in 1687. 

The Principia is usually considered to be a very different type of work to the Opticks.  

Where the Opticks is experimental, Principia is mathematical.  Where the Opticks was 

published in English, Principia was published in Latin.  And, where the Opticks has often 

been regarded as unsuccessful and uncompleted, due to the speculative tone of its 

conclusions, the Principia is usually seen as enormously successful.  In this chapter, 

however, we shall see that there are some common features between the Principia and the 

Opticks.  In section 4.1, I give an overview of the Principia, and make some general 

remarks about the epistemic goals and methodological aspects of this work.  In section 

4.2, I give an account of Newton’s use of hypotheses in the Principia.  I argue that 

Newton’s use of hypotheses in the Principia, bears a far closer resemblance to the method 

of hypotheses we see in his optical work, than has traditionally been recognised.  In 

section 4.3, I attempt to reconcile Newton’s concept of ‘phenomena’ with his description 

of the Principia as a work of experimental philosophy, giving an account of the 

phenomena as explananda but not appearances.  In section 4.4, I consider Newton’s 

epistemic aims and achievements in the Principia, giving an account of Newton’s laws of 

motion and his aim of certainty.  Finally, in section 4.5, I conclude by giving an account 

of the epistemic triad as it appears to operate in the Principia. 

4.1 The Principia: An Overview 

The full title of the Principia is Philosophiae Naturalis Principia Mathematica, or Mathematical 

Principles of Natural Philosophy.  First published in 1687, revised editions appeared in 1713 

and 1726 (just one year before Newton’s death in 1727).  In contrast to the Opticks, 

which was written over several decades, the first edition of the Principia was written in a 
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short productive burst between 1684 and 1687.133  The Principia had been originally 

conceived of as a much smaller work on the motion of bodies.  This work, usually 

referred to as ‘De motu’ (‘On motion’) was concerned with the motions of bodies in orbit, 

and specifically dealt with Keplerian motion.134  De motu progressed through several 

versions.135  The end result was much bigger than planned – a three-volume work that 

went well beyond the initial De motu tract.  It had three major goals: 

1) To lay the mathematical foundations for a new rational mechanics; 

2) To reveal a new natural philosophy; and 

3) To develop a new system of the world, based on gravitational celestial 

mechanics. 

In this section, I outline the structure of the Principia, some key methodological features 

of the Principia, and finally give an overview of this chapter. 

4.1.1 Structure of the Principia 

The Principia comprised of three books.  Book 1 concerns the motion of bodies in a 

resistance free medium.  Book 2 concerns the motion of bodies in resisting mediums.  

And book 3 builds on the principles established in books 1 and 2, applying them to 

motions of natural bodies. 

Two sections precede book 1.  The first section contains the definitions (see table 

4.1 below).  Here, Newton introduced and discussed the fundamental concepts of his 

theoretical framework, including his concept of centripetal force. 

                                                 

133 See e.g. (Westfall, 1980: ch. 10) and (Hall, 1992: ch. 8) for an account of the circumstances that led 

to the composition of the Principia. 

134 Keplerian motion can be defined by three laws now known as ‘Kepler’s laws’: 

1. The orbit of a planet is an ellipse, with the sun at one of the two foci; 

2. A line segment joining a planet and the Sun sweeps out equal areas in equal times (this is often 

called the ‘area rule’, see Figure 4.2 below); and 

3. The square of the orbital period of a planet is proportional to the cube of the semi-major axis of 

its orbit (this is often called the ‘harmonic rule’ or the ‘3/2 power rule’, see Figure 4.3 below). 

See (Wilson, 2000) for an account of how these propositions came to be regarded as ‘laws’. 

135 For various versions of this manuscript, with translations and commentary, see (Hall & Hall, 1962), 

(Herivel, 1965), (Newton, 1967-1981: vol. 6). 
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Definition 1 Quantity of matter is a measure of matter that arises from its density and 

volume jointly. 

Definition 2 Quantity of motion is a measure of motion that arises from the velocity and the 

quantity of matter jointly. 

Definition 3 Inherent force of matter is the power of resisting by which every body, so far as 

it is able, perseveres in its state either of resting or of moving uniformly straight 

forward. 

Definition 4 Impressed force is the action exerted on a body to change its state either of 

resting or of moving uniformly straight forward. 

Definition 5 Centripetal force is the force by which bodies are drawn from all sides, are 

impelled, or in any way tend, toward some point as to a centre. 

Definition 6 The absolute quantity of centripetal force is the measure of this force that is 

greater or less in proportion to the efficacy of the cause propagating it from a 

centre through the surrounding regions. 

Definition 7 The accelerative quantity of centripetal force is the measure of this force that is 

proportional to the velocity which it generates in a given time. 

Definition 8 The motive quantity of centripetal force is the measure of this force that is 

proportional to the motion which it generates in a given time. 

 Definitions, the Principia136 

The scholium following the definitions discusses time, space, place and motion.  Newton 

wrote: 

Although time, space, place, and motion are very familiar to everyone, it must be noted that these 

quantities are popularly conceived solely with reference to the objects of sense perception.  And 

this is the source of certain preconceptions; to eliminate them it is useful to distinguish these 

quantities into absolute and relative, true and apparent, mathematical and common (Newton, 1999: 

408). 

The purpose of this work being “to determine true motions from their causes, effects, 

and apparent differences, and conversely, of how to determine from motions, whether 

true or apparent, their causes or effects” (Newton, 1999: 415), Newton gave a short 

explanation of how to distinguish true from apparent motion: 

It is certainly very difficult to find out the true motions of individual bodies and actually to 

differentiate them from apparent motions, because the parts of that immovable space in which the 

bodies truly move make no impression on the senses.  Nevertheless, the case is not utterly hopeless.  

                                                 

136 (Newton, 1999: 403-407) 
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For it is possible to draw evidence partly from apparent motions, which are the differences between 

true motions, and partly from the forces that are the causes and effects of the true motions 

(Newton, 1999: 414). 

The second section is the “Axioms, or the Laws of Motion” (see table 4.2 below).  

Newton apparently regarded these as empirical propositions, but sufficiently well-

established to function as the axioms of his system.  I shall discuss these in more detail in 

section 4.4. 

Law 1137 Every body perseveres in its state of being at rest or of moving uniformly straight 
forward, except insofar as it is compelled to change its state by forces impressed. 

Law 2 A change in motion is proportional to the motive force impressed and takes place along 
the straight line in which that force is impressed. 

Law 3138 To any action there is always an opposite and equal reaction; in other words, the 
actions of two bodies upon each other are always equal and opposite in direction. 

 Newton’s Axioms or Laws of Motion139 

Book 1 contains fourteen sections.  Section 1 sets out Newton’s mathematical 

machinery – a geometrical form of infinitesimal calculus.  Sections 2 and 3 address the 

laws and effects of centrally directed forces.140  Sections 4 and 5 deal with the geometry 

of conics.141  Section 6 addresses the problem of how to find the position of an orbiting 

body at any given time.  Newton’s focus was on orbits found in nature, so he was 

concerned with parabolas and ellipses.  From curved motion in section 6, there is a shift 

                                                 

137 See (Newton, 1999: 416, n.bb & n.cc) for edits to this law. 

138 The formulation of this law remains the same in all three editions of the Principia.  However, in the 

second edition, Newton added a final sentence to the discussion immediately following the statement of 

the law: “This law is valid also for attractions, as will be proved in the next scholium” (Newton, 1999: 417). 

139 (Newton, 1999: 416-417) 

140 At the start of book 3, Newton included an introduction recommending that general readers just 

read the definitions, axioms and the first three sections of book 1, and then turn straight to book 3 

(Newton, 1999: 793). 

141 In his ‘Guide to Newton’s Principia’, Cohen pointed out that “Newton was aware that these two 

sections, however important they might be for the subject of geometry, were really out of place in the 

Principia, that they distracted the attention of a reader concerned with dynamics, whose course of study 

would lead directly from sec. 3 to sec. 6.” (Newton, 1999: 137).  This guide precedes the Cohen and 

Whitman translation of the Principia (Newton, 1999). 
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to rectilinear motion.  Section 7 deals with the rectilinear ascent and descent of bodies 

under various conditions of force.  Section 8 addresses the problem of finding the orbit 

produced by the action of any centripetal force.  This section includes the famous 

proposition 41, problem 28: to find the orbit in which a body moves when acted on by a 

given centripetal force and then to find the orbital position at any specified time.142  Here 

Newton demonstrated his mastery of differential and integral calculus, as well as the 

power of his mathematical machinery to solve problems of great generality.143  Section 9 

turns from stationary to movable orbits, introducing the problem of the motion of 

apsides.144  Section 10 concerns the motion of bodies on smooth planes under the action 

of forces whose centres are not on those planes.  In this section, Newton discussed 

motion on curved surfaces, epicycles and hypocycles, and pendulums.  Section 11 

concerns the mutual attractions of bodies.  This section is primarily of interest for its 

application to planetary motion.  It includes the famous proposition 66 with its 22 

corollaries, which deals with what is now known as the three-body problem: the problem 

of the movements of three massive bodies subject to their mutually perturbing 

gravitational attraction.  In section 12, Newton introduced a change in the way he had 

been considering bodies.  In sections 1-10, for the most part, Newton had considered 

bodies as mass points, that is, as bodies without dimensions, shape or composition.  

Now, Newton introduced physical dimensions by exploring the dynamics of spherical 

bodies.  In section 13, Newton considered non-spherical bodies.  Section 14 deals with 

the motion of minimally small bodies.  In the scholium to this section, Newton explained 

that there is an analogy between his mathematical exploration of the motion of minimally 

small bodies and the propagation of light – so some of the propositions in this section 

have explicit application in optics. 

Book 2 contains nine sections, and examines different conceivable laws of resistance.  

Section 1 considers the simplest situation: motion in a medium where resistance is 

                                                 

142 For a gloss on this proposition, see section 10.12 of Cohen’s Guide in (Newton, 1999: 334-345). 

143 Cohen has described proposition 41 as the most celebrated proposition in this section: “Historians 

of science have recognized that prop. 41 represents a climax, a high peak, in the development of dynamics 

in the Principia” (Newton, 1999: 141). 

144 Cohen has noted that “This is one of two places in book 1 where Newton produces mathematical 

results of direct potential use in dealing with the motion of the moon” (Newton, 1999: 147). 
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directly proportional to velocity.  Section 2 considers a more complex situation where 

resistance is proportional to the square of the velocity.  Section 3 considers the even 

more complex situation of motion in a medium where resistance is partly directly 

proportional to velocity and partly proportional to the square of the velocity.  Section 4 

concerns spiral motion in a resisting medium.  Section 5 addresses hydrostatics and the 

density and compression of fluids.  Section 6 studies the effects of air resistance on 

pendulums.  The section ends with a General Scholium in which several experiments on 

resistance are discussed, which reveal Newton to be a skilled experimenter.  The final 

part of the scholium describes experiments designed by Newton to test for æthereal 

resistance.  Newton concluded that æther causes negligible resistance, and hence, does 

not need to be accounted for mathematically.  Section 7 considers some general 

problems of the resistance of fluids to the motion of bodies.  Section 8 concerns wave 

motion and the motion of sound.  In the scholium, Newton argued that the propositions 

in this section “apply to the motion of light and of sounds” (Newton, 1999: 776).  The 

final section, section 9, deals with the physics of vortices.  The purpose of this 

investigation is to see if celestial phenomena can be explained by vortices.  Newton 

argued that the motion of vortices is inconsistent with the motions of the planets: 

Therefore the hypothesis of vortices can in no way be reconciled with astronomical phenomena 

and serves less to clarify the celestial motions than to obscure them.  But how those motions are 

performed in free spaces without vortices can be understood from book 1 and will now be shown 

more fully in book 3 on the system of the world (Newton, 1999: 790). 

This section might be interpreted as the main objective of the book.  But Cohen has 

argued that we should not regard it in this way.  Rather, we should see the purpose of 

book 2 as primarily to examine the effects of resistance in order to deal with such effects 

in nature (Newton, 1999: 165).145 

Book 3 opens with a statement by Newton, indicating that a shift is about to take 

place: 

                                                 

145 It may be that Newton’s view of the significance of section 9 changed from the first to the second 

edition of the Principia.  Cotes’ Preface and the ‘General Scholium’, both added in the second edition, are 

full of anti-Cartesian and (in particular) anti-vortex theory claims. 
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In the preceding books I have presented principles of philosophy that are not, however, 

philosophical but strictly mathematical […]  It still remains for us to exhibit the system of the world 

by these same principles (Newton, 1999: 793). 

Thus, book 3 involves the application of the previous propositions (primarily those from 

sections 2 and 3, book 1) to natural phenomena such as planets.  The resulting natural 

philosophical theorems are then extended to other phenomena, such as tides and comets. 

The first section of this book provides ‘Rules for the study of natural philosophy’.  

The second section provides the ‘Phenomena’ on which this system of the world is 

based.  I shall discuss these sections, their roles and development, in sections 4.2 and 4.3.  

In the third section, mathematical principles from book 1 are applied to celestial 

phenomena.  From the mathematical principles, the motions of the planets and the 

moon, and the phenomenon of the tides are explained, and the theory of universal 

gravitation is introduced.  The next section applies universal gravitation to other 

phenomena such as the shape of the Earth and the precession of the equinoxes.  The 

final part of book 3 is an extended discussion of comets.  This chapter will focus 

primarily on the methodological features of book 3. 

In the first edition, the discussion of comets concludes the Principia.  But in the 

second edition, a General Scholium was added.  The General Scholium opens by 

recapping Newton’s arguments against Cartesian vortices.  It then puts forward an 

argument from design: 

This most elegant system of the sun, planets, and comets could not have arisen without the design 

and dominion of an intelligent and powerful being.  And if the fixed stars are the centers of similar 

systems, they will all be constructed according to a similar design and subject to the dominion of 

One, especially since the light of the fixed stars is of the same nature as the light of the sun, and all 

the systems send light into all the others.  And so that the systems of the fixed stars will not fall 

upon one another as a result of their gravity, he has placed them at immense distances from one 

another (Newton, 1999: 940). 

The General Scholium concludes by enumerating the achievements of book 3, and giving 

an account of the methodology.  In this discussion, Newton explicitly identified his work 

with the experimental philosophy, and (in)famously declared “I do not feign hypotheses” 

(Newton, 1999: 943).  I shall discuss this passage in section 4.5.4. 
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4.1.2 Methodology of the Principia and Cohen’s ‘Newtonian Style’  

Newton saw one of the main contributions of the Principia as methodological.  As he 

explained in his preface to the first edition: 

And therefore our present work sets forth mathematical principles of natural philosophy.  For the 

basic problem [lit. whole difficulty] of philosophy seems to be to discover the forces of nature from 

the phenomena of motions and then to demonstrate the other phenomena from these forces.  It is 

to these ends that the general propositions in books 1 and 2 are directed, while in book 3 our 

explanation of the system of the world illustrates these propositions.  For in book 3, by means of 

propositions demonstrated mathematically in books 1 and 2, we derive from celestial phenomena 

the gravitational forces by which bodies tend toward the sun and toward the individual planets.  

Then the motions of the planets, the comets, the moon, and the sea are deduced from these forces 

by propositions that are also mathematical (Newton, 1999: 382 – brackets indicate translators’ 

note). 

Newton developed his system mathematically, developing a mathematical model that 

mirrored certain salient aspects of the world.  Newton’s distinction between 

mathematical and physical considerations is demonstrated in the following quote from 

book 2: 

Whether elastic fluids consist of particles that repel one another is, however, a question for physics.  

We have mathematically demonstrated a property of fluids consisting of particles of this sort so as 

to provide natural philosophers with the means with which to treat that question (Newton, 1999: 

699). 

Cohen has characterised Newton’s methodology in the Principia in terms of what he calls 

the ‘Newtonian style’.146  The Newtonian style is a three-stage program, which takes 

Newton from mathematical principles to a physical system in a step-by-step fashion (see 

table 4.3 below). 

Cohen has argued that, while he invented the names ‘Newtonian style’, ‘stage 1’, 

‘stage 2’, etc., he thinks that this process accurately characterises the way Newton 

proceeded in the Principia.  In book 1, Newton started at stage 1, by providing a set of 

axioms (the laws of motion).  These provided the fundamental mathematical conditions 

from which the system would be built.  He then proceeded, through the first few 

                                                 

146 For Cohen’s explication of his Newtonian style see, for example, his Guide to the Principia 

(Newton, 1999: 148-151) and (Cohen, 1980: ch. 3). 
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sections, to explore the mathematical consequences of these basic conditions.  Newton’s 

initial mathematical model was extremely simple, dealing with motion in a one-body 

system, where the body is a mass point, lacking dimension, shape and composition.  

Newton then proceeded to stage 2, adding more bodies.  Returning to a revised stage 1, 

Newton explored the consequences of this additional factor, taking mutual attraction 

into account.  Proceeding again to stage 2, he gave his body dimension, turning it from a 

mass point into a massive sphere.  And again returned to stage 1 to explore the 

consequences.  Then he added a resisting medium, and so on.  Each time he added a new 

factor for consideration, he effectively returned to step 1, and explored the mathematical 

consequences of the new condition.  This procedure carried Newton through books 1 

and 2,147 but in book 3, Newton shifted to stage 3, applying his mathematical model to 

real world phenomena. 

Stage 1 Start with a set of mathematical conditions and proceed to explore their mathematical 
consequences. 

Stage 2 Introduce factors to increase the complexity of the mathematical system, thus, 
increasing the analogue between the mathematical model and the world.  (Return to a 
revised stage 1.) 

Stage 3 Shift away from the mathematical to the physical level by applying the analysis and 
results of the mathematical model to the phenomena of the world. 

 The 3 Stages of Cohen’s ‘Newtonian Style’ 

According to Cohen (Newton, 1999: 149), the Newtonian style illuminates the two 

basic features of Newton’s methodology that led to its success.  Firstly, Newton began 

with an extremely simple system, and added complexity in a careful step-by-step way.  

This allowed him to take account of each factor individually, rather than dealing with 

multiple factors all at once.  Secondly, Newton constructed an abstract mathematical 

model, which allowed him to explore any kind of mathematical relationship between 

force and motion, without having to consider physical possibility.  This meant that he 

wasn’t restricted to concepts of forces that were conceivable.  Rather, he could explore 

mathematically the properties of a centrally directed force of attraction.  This was an 

important advantage, given how problematic a concept this was! 

Ducheyne has identified two possible versions of the Newtonian style: a strong 

version and a weak version (Ducheyne, 2012: 66).  The distinction turns on whether or 

                                                 

147 See (Smith, 2001) for a useful discussion of the Newtonian style in book 2. 
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not the increasing complexity of mathematical models in stage 2 is the direct result of 

comparison between the model and the world.  The strong version states that the source 

of increasing complexity in stage 2 is the direct and successive comparison of the model 

with the world.  The weak version states that the increasing complexity in stage 2 is 

informed by, but not directly influenced by, the world. 

Ducheyne has argued that Newton’s mathematical models were “not as strongly 

data-driven as the strong version of Cohen’s ‘Newtonian Style’ suggests” (Ducheyne, 

2012: 63).  So he has argued that the weak version more accurately characterises 

Newton’s methodology.  He has denied that astronomical observations directly influence 

the process of increasing complexity.  Rather, Newton systematically varied the 

mathematical parameters and examined their consequences.  The reason why the models 

seem to be directed by astronomical observations is that Newton had an agenda, which 

was ultimately to explain the system of the world.  This agenda influenced which 

mathematical models he would pay attention to – Newton gave considerable attention to 

the models that appeared to be relevant to studying the system of the world – but it did 

not influence the variation of parameters.  To support his position, Ducheyne has 

pointed out that Newton was careful to make no ontological commitments until book 3.  

In particular, only in book 3 did Newton commit himself to the existence of centripetal 

force (Ducheyne, 2012: 67).  Ducheyne has thus concluded that the increasing 

complexity in stage 2 is not the result of direct and successive comparison, but 

theoretical exploration of increasingly complex mathematical conditions. 

In contrast, George Smith (Smith, 2001) has emphasised the direct relevance of 

empirical considerations to the development of increasingly complex mathematical 

models in Newton’s system.  Firstly, he has offered an account of the role of idealised 

models, arguing that “even the simplest of idealizations was more than just a 

mathematical stepping stone to the next” (Smith, 2001: 250).  He argued that each time a 

new factor was introduced, increasing the complexity of the model, it counted as a test of 

the model (Smith, 2001: 250).  I shall discuss this notion of ‘idealisations as tests’ further 

in section 4.4.  Secondly, Smith has offered an empirical requirement that Newton’s 

idealisations were expected to satisfy: each model needed to approximate the world in 

such a way that any discrepancy between the model and the world could become 

evidence for the next model in the sequence.  In this way, the sequence of idealisations 

could be empirically driven (Smith, 2001: 251).  Thus, Smith appears to favour the strong 

version of Cohen’s Newtonian style. 
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It is not my intention to take sides in this dispute.  What I take from these 

contrasting views, is that there is a tension between Newton’s use of experiment and 

astronomical observations on the one hand, and his use of mathematical-style inference 

on the other that is difficult to resolve.  In this chapter, I shall focus on three 

methodological features related to this tension – Newton’s use of hypotheses, his 

phenomena, and his aim of certainty – in order to understand the epistemic tension 

between the mathematical and experimental aspects of this work. 

In section 4.2, I consider Newton’s use of hypotheses in the Principia.  In the first 

edition of the Principia, book 3 began with a list of nine hypotheses.  In the second 

edition, the majority of these were re-labelled either ‘rules of philosophising’ or 

‘phenomena’, and the remaining hypotheses were removed to the body of book 3, to be 

introduced just when they were needed.  The traditional view is that these changes mark 

a significant development in Newton’s methodology.  I examine these changes in light of 

my earlier discussions of Newton’s method of hypotheses (in chapters 2 and 3).  I argue 

that, when we compare editions 1 and 2 in this respect, edition 2 is much closer to the 

method we saw in Newton’s optical work.  I argue, therefore, that the restructuring of 

Newton’s hypotheses in the second edition should be seen as corrective, rather than 

transformative.  This suggests that Newton’s attitude towards hypotheses was much 

more consistent than is usually appreciated by commentators. 

In section 4.3, I attempt to reconcile the phenomena in book 3 with Newton’s 

description of the Principia as a work of experimental philosophy.  In book 3, Newton 

introduced six phenomena: propositions describing patterns of motion, generalised from 

astronomical observations.  However, these do not fit any standard definition of 

‘phenomenon’.  Drawing on Bogen and Woodward’s distinction between data, 

phenomena and theories (Bogen & Woodward, 1988), I argue that Newton’s phenomena 

were explanatory targets drawn from raw data.  Viewed in this way, the phenomena of 

the Principia and the experiments from the Opticks look like different routes to the same 

end: isolating explananda.  This suggests that Newton’s Principia indeed counts as a work 

of experimental philosophy. 

In section 4.4, I address the claims made by Alan Shapiro (e.g. (Shapiro, 1989: 225), 

(Shapiro, 1993: 14)) and Niccolò Guicciardini (Guicciardini, 2011: 14 & 20) that, later in 

life, Newton adopted probabilism.  My reply involves a close reading of Rule 4, 

introduced in the third edition of the Principia.  I argue that this rule should be read as an 
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account, not of updating epistemic warrant, but of updating the scope of the theory.  I 

then consider the epistemic status of the laws of motion, which Newton designated as 

the axioms of his system.  Newton presented them as certainly true, and yet he failed to 

justify them adequately.  I suggest that, contrary to what Newton says, his laws gain their 

epistemic status by virtue of their relationship to the propositions they entail. 

Finally, in section 4.5, I conclude this chapter by giving an account of the epistemic 

triad as it appeared to operate in the Principia.  In chapter 2 we saw that, in his early 

optics, Newton was working with a three-way epistemic distinction between theories, 

which are certain and inferred from experiment, hypotheses, which are uncertain and 

speculative, and queries, which are not certain, but provide the proper means to establish 

experimentally the certainty of theories.  I call this general framework an ‘epistemic triad’.  

Central to Newton’s methodology were his experimental focus and his aim of certainty.  

In his early optics, Newton’s hypotheses and queries provided vital and distinctive 

support towards bridging the epistemic gap between experiment and a certain theory.  In 

chapter 3, we saw that these features were present in the Opticks.  That Newton’s 

epistemic triad is operative in the Principia is not obvious.  Firstly, there are no queries in 

any edition of the Principia.  Secondly, Newton’s use of hypotheses in the Principia was 

somewhat enigmatic, and his attitude here could be interpreted as being inconsistent with 

his earlier methodology.  Thirdly, the focus of the Principia is not obviously experimental in 

the way that Newton’s optical work was.  However, in the final section of this chapter, I 

argue that this epistemic triad was operative in the Principia.  I conclude this section, and 

hence the chapter, by giving an account of the methodological passage at the end of the 

General Scholium. 

4.2 Hypotheses in the Principia 

In this section I discuss the use (and alleged abuse) of hypotheses in the Principia.  In the 

first edition of the Principia (1687), book 3 opened with a list of nine hypotheses, which 

were employed as premises in Newton’s inferences throughout the book.  In the second 

edition (1713), however, Newton made two significant changes to his treatment of 

hypotheses, both concerning book 3.  Firstly, he restructured book 3 so that most of the 

‘hypotheses’ had been relabelled ‘rules’ or ‘phenomena’, and the remaining hypotheses 

were relegated to less prominent parts of the book.  Secondly, he added the General 
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Scholium as the conclusion of the entire work.  It was here that Newton included the 

famous passage, Hypotheses non fingo (“I do not feign148 hypotheses” (Newton, 1999: 943)). 

Traditionally, commentators (most notably149 Cohen (Cohen, 1969)) have taken these 

changes to mark a crucial shift in Newton’s attitude to hypotheses.  Thus, the anti-

hypothetical stance, recognisable in Newton’s later work, is usually considered to have 

originated in the 1690s, when Newton began to work on the second edition of the 

Principia.  There are two difficulties with this traditional view.  Firstly, it cannot account 

for the anti-hypothetical remarks that were present in Newton’s earliest publications (as 

we saw in chapter 2).  Secondly, it makes Newton’s use of hypotheses in the second and 

third editions of the Principia somewhat enigmatic: Newton condemned the use of 

hypotheses, and yet continued to employ them explicitly (albeit, in a more limited way 

than in the first edition). 

Drawing on my analysis of Newton’s method of hypotheses in chapters 2 and 3, I 

give a different interpretation of the changes to hypotheses in the second edition.  As we 

saw in chapter 2, Newton’s attitude to hypotheses in the 1670s was part of a distinctive 

and coherent methodology.  And, as we saw in chapter 3, Newton’s use of hypotheses 

and his attitude towards them were consistent in his optical work between the early 

1670s and (at least) 1704.  This consistency should lead us to regard the idea, that 

Newton’s general views on hypotheses were substantially transformed in the 1690s, with 

suspicion. 

I shall argue that the differences are not as substantial as they first appear to be.  I 

examine Newton’s use of hypotheses in each edition of the Principia.  I argue that the 

changes in the second edition bring the Principia into closer agreement with the 

methodology we have seen in his optical work.  Therefore, instead of regarding these 

                                                 

148 While ‘fingo’ has been variously translated as ‘frame’, ‘make’, ‘imagine’ and ‘devise’, I Bernard 

Cohen (Cohen, 1962) and Alexandre Koyré (Koyré, 1965) have argued that ‘feign’ is the most appropriate 

translation.  While ‘feign’ has a variety of meanings, such as to form, to invent, to forge, or to suppose 

erroneously, the word ‘feign’ also carries the nuance of pretence, counterfeit, or sham. 

149 Andrew Janiak has expressed a similar view, saying, “As is well known Newton’s attitude toward 

‘hypotheses’ shifts remarkably overtime, and certainly may not be consisted through all of his writings even 

in a single period of his career” (Janiak, 2008: 18).  In support of this claim, Janiak cites Cohen (Cohen, 

1969), and I have found no other sources for this claim. 
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edits as transformative, I argue that we should see them as reformative.  I draw two 

conclusions from this case.  Firstly, I conclude that we should regard the changes, which 

began in the 1690s, in the same way that we regard Newton’s other Principia-edits: they 

are corrections, rather than major conceptual shifts.  Secondly, I conclude that Newton’s 

use of hypotheses and his attitude towards them were much more consistent than 

Cohen’s view allows. 

4.2.1 Relabelling the hypotheses 

In the first edition of the Principia, book 3 started with a list of nine hypotheses, and there 

was also one hypothesis in book 2 (see table 4.4 below).150  In his Guide to the Principia, 

Cohen pointed out that “the ‘hypotheses’ of the first edition constitute a curious 

grouping” (Newton, 1999: 199).  He called them a “motley” collection (Newton, 1999: 

199), and indeed they are.  The list of hypotheses includes methodological rules, 

simplifying assumptions, and claims about the motion of the planets. 

When the second edition of the Principia appeared in 1713, Newton had restructured 

book 3, so that most of the ‘hypotheses’ had been relabelled ‘rules’ or ‘phenomena’, and 

the remaining hypotheses were relegated to less prominent parts of the book.  (See table 

4.5 below for an outline of these changes between the first and second editions.)  There 

were no changes to the hypothesis in book 2. 

                                                 

150 Cohen has claimed that there were at least nine different kinds of hypotheses in the Principia 

(Cohen, 1956: 575-584).  However, in his list, he includes things that Newton did not explicitly label 

‘hypothesis’.  As I pointed out in chapter 3, there is a broad sense in which all propositions are either 

theories or hypotheses.  But here, I am only interested in the hypotheses that Newton explicitly labelled as 

such. 
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Book 2  

Hypothesis The resistance that arises from the friction of the parts of a fluid is, other things 
being equal, proportional to the velocity with which the parts of the fluid are 
separated from one another. 

Book 3  

Hypothesis 1 No more causes of natural things should be admitted than are both true and 
sufficient to explain their phenomena. 

Hypothesis 2 Therefore, the causes of natural effects of the same kind are the same. 

Hypothesis 3 Every body can be transformed into a body of any other kind and successively 
take on all the intermediate degrees of qualities. 

Hypothesis 4 The centre of the system of the world is at rest. 

Hypothesis 5 The circumjovial planets, by radii drawn to the centre of Jupiter, describe areas 
proportional to the times, and their periodic times are as the 3/2 powers of their 
distances from that centre. 

Hypothesis 6 The orbits of the five primary planets – Mercury, Venus, Mars, Jupiter, and 
Saturn – encircle the sun. 

Hypothesis 7 The periodic times of the five primary planets and (of either the sun about the 
earth or) the earth about the sun are as the 3/2 powers of their mean distances 
from the sun. 

Hypothesis 8 The primary planets, by radii drawn to the earth, describe areas in no way 
proportional to the times but, by radii drawn to the sun, traverse areas 
proportional to the times. 

Hypothesis 9 The moon, by a radius drawn to the centre of the earth, describes areas 
proportional to the times. 

 Hypotheses in the First Edition of the Principia151
 

The first two hypotheses became ‘rules’, and were listed in a separate section at the 

beginning of book 3, under the heading ‘Rules for the Study of Natural Philosophy’ 

(Regulae Philosophandi).  To these two rules, Newton added a third:152 

Those qualities of bodies that cannot be intended and remitted and that belong to all bodies on which experiments can 

be made should be taken as qualities of all bodies universally (Newton, 1999: 795).153 

                                                 

151 Translations are based on (Newton, 1972a, 1972b, 1999). 

152 I agree with Cohen (Newton, 1999) that rule 3 should not be seen simply as a ‘rewriting’ of 

hypothesis 3 for two reasons.  Firstly, at various points during the editing process, Newton’s list of 

hypotheses included both propositions, suggesting that he considered them separately (Cohen, 1969: 305).  

Secondly, although both propositions were employed in support of the same inference, they performed 

different roles (Newton, 1999: 809). 

153 Traditionally, this rule has been interpreted as referring to ‘qualities that cannot be increased or 

diminished’.  This view has been expressed, for example, by Westfall (Westfall, 1980: 731) and Cohen 

(Newton, 1999: 199).  Ducheyne, however, has argued recently that this rule is better understood as 
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‘Hypothesis 4’ became ‘hypothesis 1’, and was removed further into book 3, where it was 

introduced just before proposition 11, where it was required.  ‘Lemma 3’ became 

‘hypothesis 2’: 

If the ring discussed above were to be carried alone in the orbit of the earth about the sun with an annual motion 

(supposing that all the rest of the earth were removed from it), and if this ring revolved at the same time with a daily 

motion about its axis, inclined to the plane of the ecliptic at an angle of 23½ degrees, then the motion of the 

equinoctial points would be the same whether that ring were fluid or consisted of rigid and solid matter (Newton, 

1999: 885). 

This hypothesis was also introduced just when it is required, before proposition 39.  

Finally, hypotheses 5-9 became phenomena 1 and 3-6.  A new phenomenon was 

introduced, phenomenon 2: 

The circumsaturnian planets, by radii drawn to the center of Saturn, describe areas proportional to the times, and 

their periodic times are as the 3/2 powers of their distances from that center.154 

The six phenomena were listed after the rules in a separate section under the heading 

‘Phænomena’. 

The relabeling of these hypotheses has often been seen as disingenuous.  That is, 

when faced with criticism from his contemporaries, and engaged in a dispute with 

Leibniz, Newton was forced to express an increasingly negative attitude to hypotheses.  

He then needed to restructure his work to reflect this attitude.  However, finding that he 

was unable to deduce his propositions without the help of some hypothetical 

assumptions, he did the next best thing: he hid them in plain sight, under layers of 

rhetoric.  In what follows, I shall argue against this account.155  Firstly, I shall recap 

Newton’s notion of hypotheses and their role in his optical work.  Then I shall examine 

the hypotheses, rules and phenomena of the Principia in light of Newton’s method of 

                                                 

referring to ‘qualities that cannot be introduced or taken away’ (Ducheyne, 2012: 117-118).  Ducheyne 

(correctly, I think) points out that his interpretation of the rule better fits its usage in the Principia. 

154 Translation based on (Newton, 1999) and (Newton, 1972b). 

155 See (Westfall, 1980) for a discussion of the claim that ‘Hypotheses non fingo’ and Newton’s other 

methodological statements were motivated, at least in part, by Leibnizian criticisms and Cotes’ editorial 

comments.  Westfall argues that Leibniz’s criticisms didn’t cause the changes to the 2nd edition; rather, 

many of these changes had already been made prior to the dispute really heating up (Westfall, 1980: 731). 
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hypotheses.  We shall see that, while the labels changed, the roles performed by these 

entities did not.  This suggests that the restructuring of book 3 should be seen as 

relatively superficial.  That is, it does not affect the structure of the inferences.  I shall 

argue, furthermore, that these edits are corrective: they bring the methodology of the 

Principia into agreement with the method of hypotheses found in Newton’s optical work.  

And so, these edits do not transform Newton’s methodology. 

1st edition 2nd edition 

Hypothesis 1 Rule 1 

Hypothesis 2 Rule 2 

Hypothesis 3 - 

- Rule 3 

Hypothesis 4 Hypothesis 1 

Hypothesis 5 Phenomenon 1 

- Phenomenon 2 

Hypothesis 6 Phenomenon 3 

Hypothesis 7 Phenomenon 4 

Hypothesis 8 Phenomenon 5 

Hypothesis 9 Phenomenon 6 

Lemma 3 Hypothesis 2 

 Re-structuring of the Principia, Book 3 between the 1st and 2nd editions156 

4.2.2 Recap: Newton’s notion of hypotheses  

In chapter 2, we saw that Newton used the term ‘hypothesis’ in several different ways.  

He used it to describe the lack of precision of the sine law.  He contrasted ‘hypothesis’ 

with ‘rigid consequence’, to argue for the certainty of his theory of light and colours.  

And he used the term to refer to explanations that postulated unobservable physical 

entities, i.e. underlying mechanisms or substances.  From this early use of the term, we 

have gleaned the following definition.  A proposition is a ‘hypothesis’ iff it meets one or 

more of the following conditions: 

                                                 

156 Adapted from Cohen’s note in (Newton, 1999: 794). 
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H1. It is, at best, only highly probable; or 

H2. It is a conjecture or speculation – something not based on empirical evidence; or 

H3. It is concerned with the nature of the thing, rather than its observable, measurable 

properties. 

Recall that, since this definition is disjunctive, for a proposition to fit the definition of 

‘hypothesis’, it only needs to meet one of the above conditions.  (Of course, a 

proposition will also fit the definition if it meets more than one condition.  But one 

condition is the minimum requirement for something to be considered a hypothesis.) 

We have seen that in Newton’s optical work hypotheses could play supporting roles 

in his quest for propositions that were certainly true (i.e. theories).  Newton identified 

two methodological roles for hypotheses: 

1) To suggest experiments; and 

2) To illustrate the theory. 

So correct usage of a hypothesis involved using it for one of two specific purposes: either 

to suggest some experiments that would provide clearer insight into the phenomena, or 

to illustrate the theory, thus making it less abstract and easier to understand.  An 

important feature of these supporting roles is that the epistemic status of the hypothesis 

was not at issue.  Hypotheses had little value in their own right, and were to be employed 

only insofar as they could facilitate the development and justification of the theory.  

Moreover, they were only to be introduced in such a way that they would not directly 

influence the epistemic status of a theory.  Hypotheses were to be treated as temporary 

scaffolding: they may be employed in the discovery or development of the theory, but 

were excluded from the demonstration or justification of that theory.  This means that 

hypotheses had a purely instrumental role in this methodology. 

We have seen that, in Newton’s optical work, both hypotheses and queries fitted the 

definition of ‘hypothesis’.  However, the hypotheses performed a different function to 

the queries.  In chapter 2, we saw the method of hypotheses in operation in Newton’s 

1675 ‘Hypothesis’ paper, but not in his 1672 ‘Queries’ paper.  And in chapter 3, we saw 

that the hypothesis introduced in book 2 of the Opticks performed the function of a 

hypothesis, but the queries introduced in book 3 did not.  This shows us that, when 

examining Newton’s hypotheses, function is more informative than content.  In the 

following sections, we shall see that the only first-edition hypotheses that followed 
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Newton’s method of hypotheses, were the ones that remained hypotheses in the second 

edition. 

4.2.3 The rules of philosophising 

In the second edition, hypotheses 1 and 2 became ‘rules of philosophising’.  Newton 

provided very little explanation or justification for these rules.  Rule 1157 is a 

methodological principle of parsimony, which Newton justified by making a 

metaphysical claim: “For nature is simple and does not indulge in the luxury of 

superfluous causes” (Newton, 1999: 794).  In the second edition, he added “As the 

philosophers say: Nature does nothing in vain, and more causes are in vain when fewer 

suffice” (Newton, 1999: 794).158  Newton did not give a separate justification for rule 2, 

because it was entailed by rule 1.159  He simply clarified its meaning with some examples: 

Examples are the cause of respiration in man and beast, or of the falling of stones in Europe and 

America, or of the light of a kitchen fire and the sun, or the reflection of light on our earth and the 

planets (Newton, 1999: 795). 

Since they have imperative force, rules 1 and 2 are not truth-apt, so they cannot meet 

definition H1.  However, they appear to meet the definition of ‘hypothesis’ on conditions 

H2 and H3.  That is, they are conjectural, and they concern the underlying nature of 

                                                 

157 In this discussion, unless otherwise indicated, I shall refer to the hypotheses, rules and phenomena 

by their second and third edition labels. 

158 In the early modern period, many philosophers took it for granted that this explanation is the 

correct one.  They believed that the basic laws of nature were simple.  This was considered a good 

argument for Occam’s Razor.  Nowadays, it is recognised that this is not a good argument, due to 

problems of epistemic access.  Whether or not it is possible to prove empirically that nature is simple, the 

fact remains that no one has done so.  For discussion on the theoretical virtue of simplicity, see e.g. 

(Hempel, 1998, Nozick, 1997, Schlesinger, 1963, Sober, 1981). 

159 In the first and second editions, rule 2 appears to be a metaphysical statement “Therefore, the 

causes of natural effects of the same kind are the same” (Ideoque effectuum naturalium ejusdem generis eaedem sunt 

causae).  In the third edition, it becomes a methodological statement: “Therefore, the causes assigned to 

natural effects of the same kind must be, so far as possible, the same” (Ideoque effectuum naturalium ejusdem 

generis eaedem assignandae sunt causae, quantenus fiery potest).  However, given that rule 1 is a methodological 

claim, and rule 2 is intended as a corollary of rule 1 (note: “ideoque”), I take it that rule 2 was similarly 

intended to be methodological.  Therefore, I see the third-edition change as corrective rather than 

developmental. 
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things.  However, as we shall now see, they were not employed in a way that conforms to 

Newton’s method of hypotheses. 

Rules 1 and 2 were assumed in support of proposition 4: 

The moon gravitates toward the earth and by the force of gravity is always drawn back from rectilinear motion and 

kept in its orbit (Newton, 1999: 803). 

To arrive at this proposition, Newton argued that the force that draws the moon towards 

the earth, and thus, prevents it from flying off into space, is the same force that draws, 

say, an apple to the ground.  He argued that this force is gravity, which until that point 

had been exclusively considered a terrestrial force.  Extending terrestrial gravity to the 

moon was an important step in Newton’s argument for universal gravitation.  For the 

next step (proposition 5), Newton extended gravity from the moon to all the planets.  

Newton’s argument for proposition 4 took the following form: 

P1. In system S1, effect E is caused by G. 

P2. The same effect E also occurs in system S2. 

P3. Whenever the same effect occurs, we should infer the same cause. 

P4. G is sufficient to cause E in system S2. 

P5. If G is sufficient to cause effect E in system S2, then we should infer G, and no 

other causes of E. 

C. In system S2, effect E is caused by G, and no other causes (from P1, P2, P3, 

P4 & P5). 

To support his conclusion (C), Newton needed to establish two things.  Firstly, he 

needed to establish P2: that the effect (E) exhibited by the moon in its orbit (S2) was, in 

some sense, the same as the effect (E) exhibited by terrestrial objects when they fall (S1).  

Secondly, he needed to establish P4: that the terrestrial force of gravity (G) was sufficient 

to explain this effect exhibited by the moon. 

Newton started with proposition 3 book 3: 

The force by which the moon is maintained in its orbit is directed toward the earth and is inversely as the square of the 

distance of its places from the center of the earth (Newton, 1999: 802). 

This proposition established that the moon was acted upon by a centripetal force 

directed towards the earth, and that that force diminishes with the square of the distance 
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between the moon and the earth.  From this proposition, Newton demonstrated P2 in 

two different ways.  Firstly, in the more formal discussion immediately following the 

statement of proposition 4, he performed calculations to establish the following: 

1. If the moon is deprived of all forward motion then, from its present position, in 

the space of 1 minute it would fall 15½ Paris feet160 towards the earth. 

2. Since the moon is 60 earth-radii from the earth’s centre, and (from proposition 3) 

the force that draws the moon to the earth diminishes by the inverse-square law, 

at the earth’s surface, that force would be 60x60 greater than at the moon. 

3. So a moon at the surface of the earth should fall freely at a rate of 60x60x15½ 

Paris feet in one minute. 

4. Terrestrial bodies (i.e. bodies at the surface of the earth) fall freely at a rate of 

approximately 60x60x15½ Paris feet in one minute. 

From these calculations, Newton argued that the force that causes the moon to fall 

towards the earth is equal to the force that causes terrestrial objects to fall to the ground.  

Therefore, they exhibit the same effect.  Once he had established this sameness of effect, 

Newton was able to invoke rule 2 (P3), and infer sameness of cause: 

And therefore that force by which the moon is kept in its orbit, in descending from the moon’s 

orbit to the surface of the earth, comes out equal to the force of gravity here on earth, and so (by 

rules 1 and 2) is that very force which we generally call gravity (Newton, 1999: 804). 

In a less formal discussion in the scholium to proposition 4, Newton provided 

another argument for P2.  This time, he conducted a thought experiment: 

If several moons were to revolve around the earth, as happens in the system of Saturn or of Jupiter, 

their periodic times (by the argument of induction) would observe the law which Kepler discovered 

for the planets, and therefore their centripetal forces would be inversely as the squares of the 

distances from the centre of the earth, by prop. 1 of this book 3 (Newton, 1999: 805). 

He went on to consider one of these hypothetical moons.  He argued that, if the moon 

closest to the earth was small and nearly touched the tops of the highest mountains, then 

its centripetal force would be almost equal to the gravity of terrestrial objects on the tops 

                                                 

160 The Paris foot is equal to 1.066 English feet (Harris, 1708). 
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of the mountains.  Thus, if that moon were to lose its forward momentum, it would fall 

to the earth with the same velocity as those terrestrial objects: 

And this centripetal force would cause this little moon, if it were deprived of all the motion with 

which it proceeds in its orbit, to descend to the earth – as a result of the absence of the centrifugal 

force with which it had remained in its orbit – and to do so with the same velocity with which 

heavy bodies fall on the tops of those mountains, because the forces with which they descend are 

equal (Newton, 1999: 805). 

Having established sameness of effect, by this thought experiment, Newton was able to 

apply rule 2, and infer sameness of cause. 

That the terrestrial force of gravity was sufficient to explain this effect exhibited by 

the moon (P4), was simply taken to follow from the sameness of effect (P2).  This 

allowed Newton to invoke rule 1.  But Newton also gave another reason for limiting the 

number of causes.  In his first discussion, he put forward the following counter-factual: 

For if gravity were different from this force, then bodies making for the earth by both forces acting 

together would descend twice as fast, and in the space of one second would by falling describe 

301/6 Paris feet, entirely contrary to experience (Newton, 1999: 804). 

Here, Newton was deciding between two possibilities: either these effects are caused by 

two difference forces, or they are caused by the same force.  If the former is the case, 

that is, if the moon and terrestrial objects are acted upon by different forces, then in 

theory both could act on the same object (i.e. the moon).  If this happened, rather than 

overdetermining the effect, the forces would act together to increase the effect.  

Therefore, Newton argued, we should attribute both effects to the same cause.  At the 

end of the scholium, he gave a similar argument: 

And if the force by which the lowest little moon descends were different from gravity and that little 

moon were also heavy toward the earth in the manner of bodies on the tops of the mountains, this 

little moon would descend twice as fast by both forces acting together (Newton, 1999: 805). 

From this discussion we have seen that Newton relied heavily on rules 1 and 2 to 

establish his conclusion.  He provided two different ways to get there –formal 

calculations, and a thought experiment – but he invoked both rules in each argument.  

So, unlike the hypotheses in Newton’s optical work, the truth of rules 1 and 2 were 

relevant to the argument.  Moreover, these rules did not perform either of the roles 

identified by Newton: they neither suggested experiments, nor illustrated the theory.  
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They provided important supporting roles: as subordinate premises, they allowed 

Newton to reason from one proposition to another.  But they could not be extracted 

from the argument without affecting its cogency.161 

4.2.4 The hypotheses 

Now let’s consider the second-edition hypotheses.  In the second edition, the hypothesis 

in book 2 remained a hypothesis, and in book 3, hypothesis 4 became hypothesis 1 and 

lemma 3 became hypothesis 2.  In this section, I shall give detailed accounts of 

hypothesis 1 (book 3) and the hypothesis in book 2.  Hypothesis 2 (book 3) provides a 

similar function to the hypothesis in book 2. 

Hypothesis 1, book 3 

When Newton introduced hypothesis 1, he explained that “No one doubts this [Hoc ab 

omnibus concessum est], although some argue that the earth, others that the sun, is at rest in 

the center of the system” (Newton, 1999: 816).  He did not provide any empirical 

evidence, and made it clear that there was disagreement over the precise nature of the 

claim.  Thus, this hypothesis meets both H1 and H2, but not H3, since the proposition 

concerns observable, measurable properties of things. 

Newton used hypothesis 1 to infer propositions 11 and 12 book 3: 

Proposition 11. The common center of gravity of the earth, the sun, and all the planets is at rest (Newton, 1999: 

816) 

Proposition 12. The sun is engaged in continual motion but never recedes far from the common center of gravity of 

all the planets (Newton, 1999: 816) 

In this sequence of propositions, Newton addressed the ‘two chief world systems 

problem’: whether the universe is heliocentric or geocentric.162  As we shall see, he 

resolved this problem in a way that was surprising at the time – by rejecting both sides of 

the debate.  Firstly, he established that the common centre of gravity of the planets and 

                                                 

161 One might argue that Newton did not require rule 1 in order to justify his inference for a limited 

number of causes.  His argument from increasing effects was sufficient for this inference.  However, rule 1 

justifies rule 2, so the truth of rule 1 was relevant to the argument, whether or not it was explicitly invoked. 

162 See (Harper, 2011: 304-313) for a detailed discussion of this problem, and Newton’s solution to it. 



 

 154 

the sun is at rest (proposition 11).  Secondly, he established that this centre of gravity is 

the only thing at rest in the system (proposition 12). 

Newton’s reasoning to proposition 11 can be reconstructed as a modus tollens (see 

Appendix A for more detail): 

P1. For any system Sx, if the centre of gravity G moves, then the centre of the 

system C moves. 

P2. In system S1, C does not move. 

C. In system S1, G does not move (from P1 and P2). 

Having established proposition 11, Newton then turned to proposition 12 and its 

corollary, “the common center of gravity of the earth, the sun, and all the planets is to be 

considered the center of the universe” (Newton, 1999: 817).  As Newton pointed out 

when he introduced it, hypothesis 1 is a very general claim, in that it is consistent with 

heliocentric and geocentric models.  But it also allows for a third option: that something 

other than the earth or the sun might be at the centre of the system of the world.  And 

so in proposition 12, Newton took this third option.  He argued that neither the sun nor 

the earth is at the centre of the system.  Rather, this position is taken by the common 

centre of gravity. 

Newton demonstrated that the sun was close to the centre of gravity.  He did this by 

calculating the common centres of gravity between the sun and each of the planets 

individually.  Then he argued that: 

[…] if the earth and all the planets were to lie on one side of the sun, the distance of the common 

center of gravity of them all from the center of the sun would scarcely be a whole diameter of the 

sun.  In other cases the distance between those two centers is always less (Newton, 1999: 817). 

In this way, Newton had considered the most extreme scenario, in which all the planets 

were lined up on one side of the sun.  He had calculated the furthest possible distance 

between the centre of the sun and the common centre of gravity, and had shown that the 

centre of gravity was still closer to the sun than to any of the other planets.  Since (by 

proposition 11) the centre of gravity is always at rest, the sun must be always in motion 

(by the 3rd law of motion).  But, because it is so much larger than the other bodies in the 

system, the sun does not deviate very far from that centre of gravity.  In contrast, the 

earth is relatively far from the centre of gravity.  And so Newton rejected the claims 
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made by Ptolemy and Tycho Brahe that the earth is at rest, and also the claims made by 

Copernicus and Kepler that the sun is at rest. 

Hypothesis 1 provided a crucial premise in the arguments for propositions 11 and 

12.  It allowed Newton to draw out the consequences of the three models – the 

heliocentric and geocentric models, and his own – to see which provided the best fit for 

the phenomena.  While this does not look like an experiment per se, it does provide a test 

of the theory.  And so it conforms closely to Newton’s method of hypotheses.  

Hypothesis 1 also followed the method of hypotheses in another way, in that it was only 

temporarily assumed, and so its truth or falsity was irrelevant to the strength of the 

argument.  Newton explicitly introduced it in order to “see what follows from this 

hypothesis” (Newton, 1999: 816).  Harper has noted that hypothesis 1 was not a 

necessary assumption for Newton’s conclusion: for Newton’s reasoning, the centre of 

the system only needed to be at rest relative to the bodies in the system (Harper, 2011: 

310).  So, while hypothesis 1 simplified Newton’s calculations, he could still get to his 

conclusions without it.163 

Hypothesis, book 2 

The hypothesis in book 2 is introduced at the start of section 9, ‘The circular motion of 

fluids’, the final section of book 2.  Book 2 studies the forces of resistance to motion in 

various types of fluids.  In section 9, Newton applied this work on fluid dynamics to the 

properties of vortices, showing that the vortex mechanism proposed by Descartes was 

inconsistent with Kepler’s 3/2 power rule.164  But instead of employing his conclusions 

about resistance from the previous sections, Newton introduced a hypothesis about 

resistance forces.  Smith has pointed out that: 

                                                 

163 In his discussion of proposition 4 book 3, Newton identified another hypothesis that functions in 

this way.  He said: “This calculation is founded on the hypothesis that the earth is at rest” (Newton, 1999: 

804).  This hypothesis contradicts proposition 11, so Newton couldn’t have thought it was true.  Rather, 

this hypothesis functions as a simplifying assumption.  It was recognised as false, and yet was temporarily 

assumed since it simplified his calculations and didn’t affect the truth of the conclusion.  Newton noted 

that if he did not make this assumption, he would get the same results (Newton, 1999: 804-805). 

164 Kepler’s law 3.  See footnote 134. 
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These resistance forces, however, are the ones associated with fluid friction and tenacity, ones that 

Newton has been unable to reach any conclusions about in the preceding sections (Smith, 2001: 

283). 

Therefore, in the absence of any firm conclusions, Newton was forced to introduce a 

hypothesis. 

The hypothesis states that the resistance of a viscous fluid at any point is directly 

proportional to the velocity of separation of the particles.  It is employed in support of 

propositions 51 and 52: 

Proposition 51. If an infinitely long solid cylinder revolves with a uniform motion in a uniform and infinite fluid 

about an axis given in position, and if the fluid is made to revolve by only the impulse of the cylinder, and if each part 

of the fluid perseveres uniformly in its motion, then I say that the periodic times of the parts of the fluid are as their 

distances from the axis of the cylinder (Newton, 1999: 779). 

Proposition 52. If a solid sphere revolves with a uniform motion in a uniform and infinite fluid about an axis given 

in position, and if the fluid is made to revolve by only the impulse of this sphere, and if each part of the fluid perseveres 

uniformly in its motion, then I say that the periodic times of the parts of the fluid will be as the squares of the 

distances from the center of that sphere (Newton, 1999: 781). 

In the scholium following proposition 52, Newton suggested an amendment to the 

hypothesis: 

I proposed at the beginning of this section a hypothesis in which the resistance would be 

proportional to the velocity, it is nevertheless likely that the resistance is in a lesser ratio than that of 

the velocity (Newton, 1999: 787-788). 

Newton went on to argue that, even if we accept this amendment, his main point would 

still hold: 

If this is conceded, then the periodic times of the parts of a vortex will be in a ratio greater than the 

squared ratio of the distances from its center.  But if vortices (as is the opinion of some) move 

more quickly near the center, then more slowly up to a certain limit, then again more quickly near 

the circumference, certainly neither the 3/2 power nor any other fixed and determinate ratio can 

hold (Newton, 1999: 788). 

That is, Cartesian vortices do not fit any model that postulates that fluid resistance is in a 

fixed and determinate ratio to its velocity.  Newton explained that he had proposed this 

hypothesis “for the sake of the proofs” (Newton, 1999: 787).  Thus, it looks like he made 

the safest and simplest assumption he could. 
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From this discussion, we can see that Newton did not consider this hypothesis to be 

certainly true,165 so it fits the definition of ‘hypothesis’ by meeting condition H1.  

Furthermore, he explained, he suspected that the discrepancy between Cartesian vortices 

and Keplerian motion was probably even greater than the hypothesis allows.  So, while 

the truth of this hypothesis was relevant to the conclusions Newton drew from them, 

and the hypothesis could not be merely temporarily assumed, the way hypothesis 1 could 

be, this hypothesis was weaker than the claim he could make.  That is, this hypothesis is 

the simplest of a set of possible hypotheses, and so it functions as a placeholder for a 

stronger, more complex premise about fluid resistance.  Newton assumed it in order to 

tease out the observable consequences of his theory.166 

4.2.5 The phenomena 

In the second edition, hypotheses 5-9 became phenomena 1 and 3-6, and a new 

phenomenon 2 was added.  These were inferred from observation, and concerned 

observable, measureable properties, so the phenomena do not meet H2 or H3.  

Moreover, Newton appeared to consider them highly credible.  He used strong epistemic 

language to describe them, claiming they were “proved” (Newton, 1999: 799), 

“determined” (Newton, 1999: 800) and “established” (Newton, 1999: 797) by 

astronomical observations.  It was only when he discussed phenomenon 6 that he 

admitted so a small level of inexactness.  He said “I pay no attention to minute errors 

that are negligible” (Newton, 1999: 801).  So, while there is a sense in which they fit H1 

(due to the ‘minute errors’ mentioned), I do not think that Newton saw them in this way 

for very long.  So it is not clear that the phenomena fit the definition of ‘hypothesis’.167 

                                                 

165 Smith has pointed out that Newton’s argument against Descartes is flawed, but not because of the 

hypothesis (Smith, 2001: 297 n.64).  The hypothesis itself provided the notion of what is now called 

‘Newtonian fluid’.  Smith has suggested that this was put forward as a hypothesis because Newton had not 

yet found a way to determine how the viscous component of the resistance force varies.  For Smith’s 

discussion see (Newton, 1999: 193-194) and (Smith, 2001: 282-283). 

166 In his discussion of proposition 42 book 3, Newton identified another hypothesis that also 

functions in this way.  He wrote: “To this end, therefore, the trajectories of several comets should be calculated on the 

hypothesis that they are parabolic.  For such trajectories will always agree as closely as possible with the phenomena” (based 

on the translation from (Newton, 1999: 930)). 

167 See section 4.3 for an account of the definition and role of phenomena in Newton’s Principia. 
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In book 3, phenomenon 1 was introduced to support proposition 1:168 

Proposition 1. The forces by which the circumjovial planets are continually drawn away from rectilinear motions 

and are maintained in their respective orbits are directed to the center of Jupiter and are inversely as the squares of the 

distances from that center (Newton, 1999: 802). 

This proposition states that the motions of the moons of Jupiter are maintained by a 

centripetal force directed towards the centre of Jupiter, and this force decreases with the 

square of the distances of the moons from Jupiter.  This inference can be reconstructed 

as follows (see Appendix B for more detail): 

P1. For all bodies x, if x exhibits a motion M, then M is caused by a force F. 

P2. Bodies j1, j2, …, jn exhibit motion M. 

C. The motions of bodies j1, j2, …, jn are caused by force F (from P1 and P2). 

P1 is stated in prose, but is a mathematical theorem: proposition 2 or proposition 3 

book 1.169  It is a conditional, stating the relationship between the motion of a body 

around a point, and the direction and strength of the force that causes that motion.  P2 

describes the patterns of motion exhibited by the moons of Jupiter, but not the causes of 

that motion.  Given that P2 satisfies the antecedent condition of P1, we can infer the 

consequent, C, from P1 and P2.170 

We can see that phenomenon 1 (P2) provides crucial support for proposition 1 book 

3.  It licenses Newton’s inference from abstract mathematical models to real forces and 

motions.  In book 1, Newton was only concerned with abstract mathematical points.  

But in book 3, phenomenon 1 enabled him to apply his mathematical model to the 

physical world.  Phenomena 2-6 provided a similar kind of support for propositions 2 

and 3 in book 3.  The phenomena did not illustrate the theory or suggest experiments.  

Moreover, they were not just temporarily assumed.  They provided the empirical 

evidence that Newton needed in order to show that his mathematical model could give a 

                                                 

168 I give a more extensive account of phenomenon 1 and proposition 1 book 3 in section 4.3. 

169 In the discussion of proposition 1 book 3, Newton explicitly used proposition 2, but pointed out 

that proposition 3 book 1 could be used instead (Newton, 1999: 802). 

170 See (Fox, 1999, Harper, 1990, Stein, 1990a) for discussions of deductive nomological argument in 

Newton’s Principia. 
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causal account of a physical system.  Thus their truth was relevant to the truth of the 

propositions they supported.  Newton relied heavily on the phenomena to establish the 

basic causal structure of his system, and to move from a mathematically described system 

into one that is described in physical terms. 

4.2.6 Editing the Principia 

In this section, I shall draw some conclusions regarding the editing of the Principia.  But 

first, I shall briefly summarise the discussion so far. 

Firstly, we examined the hypotheses that became rules 1 and 2 in the second edition.  

Rules 1 and 2 function as ‘inference tickets’: they make assumptions about the simplicity 

of nature in order to provide explanatory constraints.  Rule 2 licensed Newton’s 

extension of gravity beyond the terrestrial realm, and rule 1 constrained the number of 

forces Newton could infer.  So together they provided explanatory constraints.  As such, 

they provided an important supporting role, but could not be extracted from the 

argument without it collapsing.  Therefore, they do not function as hypotheses, 

according to Newton’s method of hypotheses. 

Secondly, we examined the hypotheses that remained hypotheses in the second 

edition.  We saw that hypothesis 1 is a different kind of proposition to rules 1 and 2.  It is 

a simplifying assumption that allowed Newton to calculate the observational 

consequences of three competing models of the world.  While these consequences do 

not look like an experiment per se, they do provide a test of the theory.  This might be 

construed as a thought experiment.  Moreover, hypothesis 1 is only temporarily assumed, 

and so its truth or falsity is irrelevant to the strength of the argument.  So hypothesis 1 

conforms closely to Newton’s method of hypotheses. 

The hypothesis in book 2 functions in a slightly different way to hypothesis 1, and 

yet I have argued that it too follows Newton’s method of hypotheses.  That is, while the 

truth of this hypothesis is relevant to the strength of the argument, and the hypothesis 

cannot be assumed only temporarily, this hypothesis is weak.  So, if it is false, any possible 

replacement hypothesis will support the general conclusion supported by this hypothesis. 

Thirdly, we examined the hypotheses that became phenomena in the second edition.  

We saw that the phenomena provide empirical evidence that licenses Newton’s 

inferences from the abstract mathematical models to real forces and motions.  The 

phenomena are not just temporarily assumed.  They provided the empirical evidence that 
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Newton needed in order to show that his mathematical model can give a causal account 

of a physical system.  Their truth is relevant to the truth of the propositions they are 

introduced to support, and so they do not follow Newton’s method of hypotheses. 

There are several things to note about these hypotheses, rules and phenomena.  

Firstly, of the hypotheses listed in the first edition of the Principia, only the ones that 

follow Newton’s method of hypotheses are the ones that remained ‘hypotheses’ in the 

second edition.  Secondly, all the first-edition hypotheses were relabelled without any 

change to their functions.  Despite the new labelling, they continued to provide the same 

kind of support to propositions.  This second point is particularly striking when we look 

at first-edition hypothesis 3.  This hypothesis was removed completely from the second 

edition, but the argument remained the same.  Instead of invoking a hypothesis, Newton 

simply said “according to the opinion of Aristotle, Descartes, and others” (Newton, 

1999: 809).171  It is also notable that, in the first edition, Newton was already thinking of 

these as ‘phenomena’.  Every edition of the Principia contains the following passages: 

For it is a phenomenon that the periodic times of the secondary planets that revolve about Jupiter 

are as the 3/2 powers of the distances from the center of Jupiter; and the same rule applies to the 

planets that revolve about the sun.  Moreover, these rules apply to both the primary and the 

secondary planets very exactly [quam accuratissime] as far as astronomical observations have shown 

up to now (Newton, 1999: 787). 

And: 

It is therefore up to philosophers to see how that phenomenon of the 3/2 power can be explained 

by vortices (Newton, 1999: 788). 

This shows that the change of label is not a very big change at all.  In view of this 

discussion, we can see that the restructuring of book 3 was not as drastic as it may first 

                                                 

171 Cohen (Cohen, 1969: 305) has argued that this hypothesis was not a statement of Newton’s 

personal conviction, so it is not surprising that it was removed.  Cohen has pointed out that, as a 

hypothesis, this lack of conviction was not necessarily a problem.  In his 1675 ‘Hypothesis’ paper, Newton 

made it clear that he was willing to allow hypotheses that contradicted the ones that he personally believed 

(Newton, 1959-1977: Vol. 1, ).  The reason being that, when used properly, they do not affect the truth 

value of the theory they are introduced to support.  As a rule of reasoning, however, this was problematic, 

because the rules affect the truth-value of the theory. 
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appear.  The edits to the hypotheses in later editions of the Principia are minor 

adjustments, bringing Newton’s Principia into line with his existing methodology. 

In light of my analysis, what should we make of the first-edition hypotheses?  I now 

argue that the first edition is an outlier in Newton’s otherwise methodologically 

consistent set of publications.  Newton wrote the first edition of the Principia very 

quickly, and he made mistakes in his calculations and his reasoning, so it should come as 

no surprise that he made some methodological mistakes too.  Thus, we should not take 

the first edition of the Principia to represent the final product of Newton’s work. 

Consider a few of the changes made by Newton when he was preparing the second 

edition.172  Newton added a new proof to proposition 10 book 2, since the first one was 

shown to be incorrect.  Newton modified lemma 2 book 2 to refer to Leibniz’s calculus.  

Most of the propositions and their proofs in section 7 book 2 were changed completely.  

This big change led to the removal of the general scholium at the end of section 7 to the 

end of section 6.  And in proposition 35 book 3, the original text was replaced by a much 

longer discussion of Newton’s attempts to apply the theory of gravity to some 

inequalities of the moon’s motion.  These are all corrections, rather than conceptual 

changes.  I suggest that, similarly, the changes regarding hypotheses should be seen as 

indicative of minor developments and corrections, rather than major methodological 

changes. 

In chapter 3, we saw methodological continuity within Newton’s optical work – 

spanning a timeframe from the early 1670s to at least 1704.  Moreover, in this section, we 

have seen methodological continuity between Newton’s method of hypotheses in his 

optical work, and his use and discussion of hypotheses in the second edition of the 

Principia.  Given this continuity, it appears that the first edition of the Principia is an 

outlier – a ‘blip’ in an otherwise consistent methodology.  Therefore, these changes 

should be seen as ‘corrective’.  They bring Newton’s Principia into line with his existing 

methodology. 

The explicit labelling and unapologetic use of hypotheses in the second edition of 

the Principia implicitly defines ‘hypothesis’ in a way that is consistent with Newton’s 

method of hypotheses.  This suggests that Newton’s method of hypotheses is one of the 

                                                 

172 For a brief summary of these changes, see Cohen’s ‘Guide to Newton’s Principia’ (Newton, 1999: 

22-25) and (Ducheyne, 2012: 170-174). 
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general things about Newton’s methodology that remained consistent in different natural 

philosophical contexts. 

4.3 Phenomena the Principia 

In this section, I discuss the phenomena of book 3, and their relationship to Newton’s 

astronomical observations.  These propositions described patterns of motion, generalised 

from observations of the planets, earth and moon.  It has been noted by many 

commentators, however, that they do not seem to fit any standard definition of 

‘phenomenon’.173  Some have argued that Newton’s labelling was mistaken, while others 

have argued that Newton was using the label ‘phenomenon’ to avoid using the term 

‘hypothesis’, which would mark his work as speculative, rather than experimental 

(Davies, 2009: 217). 

We have already seen that, after the first edition, Newton had good reason not to call 

them ‘hypotheses’: they did not function as hypotheses according to Newton’s method 

of hypotheses.  In this section, I shall argue that Newton’s new choice of label was 

appropriate, albeit unconventional.  Firstly, drawing on Bogen and Woodward’s (1988) 

distinction between data, phenomena and theories, I argue that Newton’s phenomena 

performed a specific function: they isolated explanatory targets.  Secondly, I’ll draw on 

my discussion in chapter 3 of Newton’s experiments in the Opticks, to make some 

comparisons between Newton’s Opticks and his Principia.  In the Opticks, Newton isolated 

his explanatory targets by making observations under controlled, experimental 

conditions.  In the Principia, Newton isolated his explanatory targets mathematically: from 

astronomical data, he calculated the motions of bodies relative to an isolated system.  

Viewed in this way, we shall see that the phenomena of the Principia and the experiments 

from the Opticks are different routes to the same end: identifying the explananda. 

4.3.1 The Phenomena of the Principia 

As we have seen, the second and third editions of the Principia book 3 specify six 

phenomena (see table 4.6 below). 

There are several things to notice about these phenomena.  Firstly, they are distinct 

from data: they describe continuing patterns of motion, rather than particular 

                                                 

173 See for example, (Densmore, 1995), (Harper, 2011) and (Shapiro, 2004). 
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observations or measurements.  So, while the phenomena are detected and supported by 

astronomical observations, they are not observed or perceived directly. 

Secondly, they are distinct (to put it somewhat anachronistically) from noumena: they 

describe the motions of bodies, but not the causes of those motions, nor the substance of 

bodies. 

Phenomenon 1 The circumjovial planets, by radii drawn to the centre of Jupiter, describe areas 

proportional to the times, and their periodic times – the fixed stars being at 

rest174 – are as the 3/2 powers of their distances from that centre. 

Phenomenon 2 The circumsaturnian planets, by radii drawn to the centre of Saturn, describe 

areas proportional to the times, and their periodic times – the fixed stars being 

at rest174 – are as the 3/2 powers of their distances from that centre. 

Phenomenon 3 The orbits of the five primary planets – Mercury, Venus, Mars, Jupiter, and 

Saturn – encircle the sun. 

Phenomenon 4 The periodic times of the five primary planets and of either the sun about the 

earth or the earth about the sun – the fixed stars being at rest174 – are as the 

3/2 powers of their mean distances from the sun. 

Phenomenon 5 The primary planets, by radii drawn to the earth, describe areas in no way 

proportional to the times but, by radii drawn to the sun, traverse areas 

proportional to the times. 

Phenomenon 6 The moon, by a radius drawn to the centre of the earth, describes areas 

proportional to the times. 

 Phenomena in the Principia, 3rd Edition175 

Thirdly, they describe relative motions of bodies: in each case, the orbit is described 

around a fixed point.  For example, phenomenon 1 takes Jupiter as a stationary body for 

the purposes of the proposition.  In phenomena 4 and 5, Jupiter is taken to be in motion 

around a stationary sun. 

Fourthly, these phenomena do not prioritise the observer.  Rather, each motion is 

described from the ideal standpoint of the centre of the relevant system: the satellites of 

                                                 

174 The subclause, ‘the fixed stars being at rest’ (stellis fixis quiescentibus), was added in the third edition.  

This tells us that the periodic times of the orbiting bodies were calculated with respect to those stars.  

Harper has noted, for example, that “This treats a reference frame at the center of Jupiter with fixed 

directions with respect to the stars as non-rotating” (Harper, 2011: 109, n. 35). 

175 (Newton, 1999: 797-801) 
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Jupiter and Saturn are described from the standpoints of Jupiter and Saturn respectively, 

the primary planets are described from the standpoint of the sun, and the moon is 

described from the standpoint of the Earth.  Furthermore, because Newton didn’t 

prioritise the observer, effects such as phases and retrograde motions of the planets are 

not phenomena but only evidence of phenomena.176 

Newton’s use of the label ‘phenomena’ is somewhat puzzling, because these do not 

fit any standard definition.  Densmore has pointed out that: 

Despite what might be suggested by their title, these ‘Phenomena’ are not directly observed, but 

rather are conclusions based on observations[…]  They invoke not just observations, but planetary 

theory in current use by the astronomers of his time (Densmore, 1995: 307). 

That is, Densmore suggests that the label ‘phenomenon’ is misleading for two reasons: 

firstly, the phenomena are not directly observed; and secondly, the phenomena are 

informed by astronomical theory.177 

Let us see how the term ‘phenomenon’ was explicitly defined in the eighteenth 

century.  Firstly, in the 1708 edition of his Lexicon Technicum, John Harris gave the 

following definition: 

Phænomenon, in Natural Philosophy, signifies any Appearance, Effect, or Operation of a Natural 

Body, which offers its self to the Consideration and Solution of an Enquirer into Nature (Harris, 

1708). 

In 1736, this definition was updated: 

Phænomenon [...] is in Physicks an extraordinary Appearance in the Heavens or on Earth; 

discovered by the observation of the Celestial Bodies, or by Physical Experiments the Cause of 

which is not obvious (Harris, 1736). 

In the 1741-1743 edition of his Cyclopædia, Ephraim Chambers said: 

                                                 

176 Newton used the phases of the planets to support phenomenon 3 (Newton, 1999: 799), and the 

retrograde motions of the planets to support phenomenon 5 (Newton, 1999: 799). 

177 Similarly, Shapiro has complained that “It is not even clear what the phenomena are” (Shapiro, 

2004: 189).  He has argued that, while the “choice of the term ‘phenomena’ was a natural one for the 

Principia […] Newton had a much more capacious concept of phenomena in mind” (Shapiro, 2004: 189). 
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Phænomenon, […] in physics, an extraordinary appearance in the heavens, or on earth; either 

discovered by observation of the celestial bodies, or by physical experiments; and whose cause is 

not obvious (Chambers, 1741-43: Vol. II). 

And in the 1771 edition of the Encyclopædia Britannica, Colin Macfarquhar and Andrew 

Bell said: 

Phænomenon, in philosophy, denotes any remarkable appearance, whether in the heavens or on 

earth; and whether discovered by observation or experiments (Macfarquhar & Bell, 1771). 

These definitions emphasise observed appearance.  We have seen that Newton’s phenomena 

describe relative motions from an ideal standpoint.  They are, then, effects, but not 

appearances.  So they don’t fit the above definitions in any straightforward way.178 

This reveals an interesting methodological feature of Newton’s phenomena.  

Traditionally, ‘phenomenon’ seems to have been synonymous with both ‘appearance’ and 

‘explanandum’.  For example, the ancient Greeks were concerned to construct a system 

that explained and preserved the motions of the celestial bodies as they appeared to 

terrestrial observers (Duhem, 1969).  Two thousand years later, Galileo and Cardinal 

Bellarmine argued over whether a heliocentric or geocentric system provided a better fit 

and explanation of these appearances (Duhem, 1969).  This suggests that, traditionally, 

philosophers did not distinguish between phenomena and data.  For Newton, however, 

these came apart.  The six phenomena of the Principia describe the motions of celestial 

bodies, but not as they appear to terrestrial observers.  In this sense, they are not 

appearances, but they do require an explanation. 

We have already seen that phenomena had an important role in Newton’s 

methodology.  Newton’s emphasis on the empirical basis of his natural philosophy is a 

vital feature of his methodology.  And passages emphasising the importance of 

‘deductions from phenomena’ are littered throughout Newton’s writings.  For example, 

this one, from the General Scholium: 

                                                 

178 In philosophy nowadays, the term ‘phenomenon’ has a variety of uses, such as: (a) A particular 

fact, occurrence, or change, which is perceived or observed, the cause or explanation of which is in 

question; (b) An immediate object of sensation or perception; and (c) An exceptional or unaccountable 

thing, fact or occurrence.  These do not resemble Newton’s usage. 
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In this experimental philosophy, propositions are deduced from phenomena and are made general 

by induction.  The impenetrability, mobility, and impetus of bodies, and the laws of motion and the 

law of gravity have been found by this method (Newton, 1999: 943). 

So it seems reasonable to expect that Newton was working with a distinct notion of 

‘phenomenon’.  In fact, when he was preparing the third edition, Newton considered 

including a list of definitions in book 3 of the Principia.179  ‘Phenomena’ was going to be 

definition I180: 

Phenomena I call ↑whatever is seen or perceived↑ whatever is perceived can be perceived, either 

things external ↑which↑ become known through the five senses, or things internal which we 

contemplate in our minds by thinking.  As fire is hot, water is wet, ↑gold is heavy, the sun is 

luminous,↑ I am and I think.  All these in a wide sense are sensible things and can be called 

phenomena in a wide sense.  They are properly Those things are properly called phenomena which 

can be seen but I take the word in a wider sense.181 

Interestingly, this definition does not include, among its examples, the motions of 

the planets.  In fact, the examples provided do not look like Newton’s six phenomena at 

all.  It is true that these examples are generalised, so they are not data.  Moreover, they 

are observable, so they are not noumena.  But they are not relativised or idealised in any 

important sense.  Rather, they can be acquired fairly directly via sensory experience.  In 

contrast, Newton’s six phenomena are not the sorts of effects or occurrences that can 

become known through the five senses alone, nor are they things that we contemplate in our minds by 

thinking.  Rather, they describe patterns of behaviour, isolated and relativized by reference 

to theory.  So Newton’s six phenomena stretch his own putative definition. 

4.3.2 Bogen & Woodward on ‘phenomena’ 

As we have seen, Newton’s use of ‘phenomena’ was unusual: the propositions in 

question are not observational data in the sense meant by his contemporaries (or himself, 

in draft definitions).  Was he then wrong or disingenuous?  In this section I introduce 

                                                 

179 Among the draft manuscript material relating to the second edition of the Principia (MS. Add. 

3965), there are definitions of ‘body’, ‘vacuum’, ‘force’ and ‘phenomena’. 

180 Editing marks on the manuscripts show that this was initially intended to be ‘Definition III’, but 

Newton frequently revised the ordering of the definitions before eventually abandoning them. 

181 MS. Add. 3965, f.422v (my translation). 
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Bogen and Woodward’s (1988) account of scientific reasoning, which ultimately 

vindicates Newton’s use of the label ‘phenomena’. 

Bogen and Woodward have argued for an account of science in which data, 

phenomena and theory provide three levels of scientific explanation (Bogen & 

Woodward, 1988: 305-306) (see figure 4.1 below). 

Figure 4.1 My representation of Bogen & Woodward’s 3-tiered account of science 

According to this account, data are records produced by measurement and 

experiment that serve as evidence or features of phenomena.  For example, bubble 

chamber photographs, discharge patterns in electronic particle detectors, and records of 

reaction times and error rates in psychological experiments.  Phenomena are features of the 

world that in principle could recur under different contexts or conditions.  For example, 

weak neutral currents, proton decay, and chunking and recency effects in human 

memory.  Theories are explanations of the phenomena.182 

Bogen and Woodward have argued that explanatory theories provide systematic 

explanations of the phenomena, but do not explain the data.  This is because data reflect 

causal influences beyond the explanatory target, while a phenomenon reflects a single, or 

small, manageable number of causal influences (Bogen & Woodward, 1988: 321-322).  

For example, consider the relationship between the Eddington experiment and General 

                                                 

182 Bogen and Woodward take theories to be detailed systematic explanations, as opposed to singular-

causal explanations (Bogen & Woodward, 1988: 322 n.17). 
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Relativity.  In the Eddington experiment, a cluster of stars was photographed from a 

boat in the middle of the ocean, during a solar eclipse.  These were then compared to 

photographs taken earlier under less turbulent conditions.183  The experiment captured 

the phenomenon of the displacement of starlight as it travels past the sun.  General 

relativity explained the phenomenon, but did not explain the workings of the cameras, 

optical telescopes, and so on, that causally influenced the data. 

To summarise, on Bogen and Woodward’s account, ‘phenomenon’ is defined 

functionally by its relationship to data and theory.  Phenomena have the following features: 

1. They are distinct from data; 

2. They are inferred from data; 

3. They describe isolated patterns; and 

4. They are explananda. 

Bogen and Woodward did not consider Newton’s work in their paper.  However, in the 

next section, I shall show that we can characterise Newton’s phenomena in such terms. 

4.3.3 Turning observations into explananda 

Using phenomenon 1 as my case study, I shall now discuss the relationship between 

observations, phenomena and theorems in Newton’s Principia.  Firstly, I shall argue that 

Newton implicitly distinguished between observations and phenomena in a way that 

maps onto Bogen and Woodward’s explicit distinction between data and phenomena.  

Secondly, I shall argue that Newton’s phenomena perform the same supporting role for 

theorems as Bogen and Woodward’s phenomena perform for theories. 

Phenomenon 1 states that, with Jupiter at the centre, Jupiter’s moons follow the area 

rule (see figure 4.2 below) and the harmonic rule (see figure 4.3 below) in relation to 

Jupiter.184  These patterns of motion are generalised from astronomical observation.  

Notice that phenomenon 1 treats Jupiter and its moons as an isolated system: Jupiter is a 

stationary body, and the motions of the moons of Jupiter are described in terms of their 

relationship to Jupiter. 

                                                 

183 See (Bodanis, 2000: 209-213) for a description of the circumstances under which this experiment 

was conducted. 

184 The moons of Jupiter travel in circles (circles are a kind of ellipse), so the moons of Jupiter obey 

Kepler’s three laws, and thus display Keplerian motion. 
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Figure 4.2 The Area Rule Figure 4.3 The Harmonic Rule 

Consider how Newton obtained this phenomenon.  To support the first part of this 

phenomenon, that Jupiter’s moons describe areas proportional to their times around 

Jupiter, Newton said: 

This is established from astronomical observations.  The orbits of these planets [i.e. the moons of 

Jupiter] do not differ sensibly from circles concentric with Jupiter, and their motions in these circles 

are found to be uniform (Newton, 1999: 797 – brackets indicate my comments). 

In other words, the moons of Jupiter maintain constant distances from Jupiter.  

Moreover, they maintain a constant speed as they orbit Jupiter.  So the moons of Jupiter 

maintain uniform circular motion, with Jupiter as the geometric centre.  Therefore, they 

follow the area rule. 

To support the second part of this phenomenon, that the periodic times of Jupiter’s 

moons are as the 3/2 powers of their distances from Jupiter, Newton provided the 

following table: 

Periodic times of the satellites of Jupiter 

 1d18h27'34" 3d13h13'42" 7d3h42'36" 16d16h32'9" 

Distances of the satellites from the centre of Jupiter in semidiameters of Jupiter 

 1 2 3 4 

From the observations of     

Borelli 52/3 82/3 14 242/3 

Towneley (by micrometer) 5.52 8.78 13.47 24.72 

Cassini (by telescope) 5 8 13 23 

Cassini (by eclips. satell.) 52/3 9 1423/60 253/10 

From the periodic times 5.667 9.017 14.384 25.299 

 Astronomical observations of the satellites of Jupiter185 

                                                 

185 (Newton, 1999: 797) 
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Newton took the periodic time of each of the four moons, in days, hours, minutes and 

seconds, and the distance of each moon from Jupiter, in semidiameters of Jupiter.  The 

periodic times were from observations, as were the first four rows of distances.  The final 

row of distances were calculated from the observed periodic times and the harmonic 

rule.  This row illustrates the ‘fit’ between the expected distance (assuming the harmonic 

rule) and the observed distance. 

These are not ‘pure data’; their calculation involves extensive observational and 

theoretical work.186  However, I now argue they perform the role of data in Bogen and 

Woodward’s sense.  Firstly, as we have seen, they are the observational records from 

which the phenomena are drawn.  Secondly, they reflect a greater number of causal 

influences than the phenomena.  Let’s consider the latter point in more detail. 

In the Principia Newton indicated that the observations in table 4.7 above reflect 

many causal influences besides gravity.  For instance, he explained how these calculations 

were obtained: 

Using the best micrometers, Mr. Pound has determined the elongations of the satellites of Jupiter 

and the diameter of Jupiter in the following way […]  (Newton, 1999: 797) 

He went on to explain that the measurement of the diameter of Jupiter varied with the 

length of the telescope, because 

[…] the light of Jupiter is somewhat dilated by its nonuniform refrangibility, and this dilation has a 

smaller ratio to the diameter of Jupiter in longer and more perfect telescopes than in shorter and 

less perfect ones (Newton, 1999: 798). 

This illustrates Bogen and Woodward’s notion of the shift from data to phenomena.  By 

attending to his theory about telescopes, Newton manipulated the data to control for 

distortion.  So we can think of the astronomical observations as ‘data’ in a methodological 

sense: they are records from which phenomenal patterns can be drawn. 

I now turn to the role of phenomenon 1 in the Principia.  As we saw in section 4.2.5 

above, phenomenon 1 was employed to support proposition 1 book 3.  This proposition 

states that the motions of the moons of Jupiter are maintained by a centripetal force 

                                                 

186 See (Densmore, 1995: 310-321). 
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directed towards the centre of Jupiter, and this force decreases with the squares of the 

distances of the moons from Jupiter. 

Proposition 1 book 3 does not contain any information about the sizes or positions 

of Jupiter’s moons, or the workings of telescopes.  So, while it gives a causal explanation 

for the phenomenon, it gives no direct explanation of the observations.  That is, given 

the number of causal influences on such observations, it would be impossible to predict 

the apparent positions of the moons of Jupiter at a specific time from proposition 1 alone.  This is 

yet more evidence that, in the Principia, observations and phenomena are 

methodologically distinct.  Moreover, this supports my reading of Newton’s observations 

as data. 

And so, Newton implicitly distinguished between observations, phenomena and 

theorems in a way that maps onto Bogen and Woodward’s account.  We saw this firstly 

in Newton’s discussion of the astronomical observations, and secondly, in the role 

phenomenon 1 played in inferring proposition 1 book 3. 

4.3.4 Experiments in the Opticks 

I have argued that Newton was working with an implicit distinction between 

observation, phenomenon and theorem that maps onto Bogen and Woodward’s explicit 

distinction between data, phenomena and theory.187  We have seen that the phenomena 

of the Principia provided the empirical evidence that licensed Newton’s inference from 

mathematical to physical theorems.  I shall now draw some comparisons between the 

phenomena in the Principia and the experiments in the Opticks. 

In chapter 3, we saw that, in the Opticks book 1, Newton employed a method of 

‘proof by experiments’ to support his propositions.  Each experiment was introduced to 

reveal a specific property of light.  Moreover, Newton described ideal experiments in 

which the target system had been perfectly isolated.  For example, to support book 1 part I 

proposition 1, Newton reported on the experiments as though the coloured rays were 

homogeneous.  It was only in the scholium that he admitted that his isolation of rays 

wasn’t perfect.  I have presented the phenomena in the Principia as descriptions of 

                                                 

187 This, I take it, ought to be seen as grist for Bogen and Woodward’s mill: they do not attend to early 

modern examples in their discussion of their three-way picture of science.  It may be that Newton’s work is 

an early manifestation of the important distinction between ‘data’ and ‘phenomena’. 
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patterns of behaviour, isolated and relativised by reference to theory.  They do not 

describe appearances, but they required an explanation.  This reveals some continuity in 

Newton’s methodology.  The point of Newton’s articulation of the phenomena in the 

Principia is the same as his experiments in the Opticks.  Both identify and isolate a pattern 

or regularity.  In the Opticks, Newton isolated his explanatory targets by making 

observations under controlled, experimental conditions.  In the Principia, Newton isolated 

his explanatory targets mathematically: from astronomical data, he calculated the motions 

of bodies with respect to a central focus.  Viewed in this way, Newton’s phenomena and 

experiments are different ways of achieving the same thing: isolating explananda. 

4.4 Rule 4 and Newton’s Aim of Certainty  

In this section, I address Newton’s goal of certainty and the epistemic status of his laws 

of motion. 

Alan Shapiro (e.g. (Shapiro, 1989: 225), (Shapiro, 1993: 14)) and Niccolò 

Guicciardini (Guicciardini, 2011: 14 & 20) have suggested that, late in life, Newton gave 

up his goal of certainty – adopting the position that highly probable theories are the best 

we can expect.  We saw in chapter 1 that, in his earliest methodological passages, 

Newton explicitly took up his position in opposition to Cartesian speculative philosophy 

on the one hand, and Baconian experimental philosophy on the other.  The former, he 

argued, spent all their time on “speculations of no value to human life” (Newton, 1984: 

439).  And “the latter, while working assiduously with an absurd method, fail to reach 

their goal” (Newton, 1984: 439).  Through his mathematico-experimental method, early-

Newton thought he could avoid conjectures and probabilities, and instead “achieve a 

natural science supported by the greatest evidence” (Newton, 1984: 439).  If Newton 

eventually followed his contemporaries in adopting an epistemic goal that involved 

degrees of credence, which were updated in light of new evidence, then this was indeed a 

significant shift in Newton’s thinking. 

In response to this suggestion, in section 4.4.1 I shall examine the sources of this 

suggestion: a passage from query 31 of the Opticks, and rule 4 of the Principia.  I shall 

argue that neither of these passages should be interpreted as advocating probabilism.  

This suggests that, contrary to Shapiro’s and Guicciardini’s arguments, the aim of 

certainty was an enduring feature of Newton’s methodology.  Having established that the 

aim of certainty endured, I shall then turn to the axioms of Newton’s system: the laws of 

motion.  In the scholium to the laws, Newton asserted that they were certainly true, and 
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he relied heavily on them and their corollaries to develop his theory.  In support of the 

laws, Newton provided a handful of experiments and claimed that he had the agreement 

of other mathematicians.  This seems a surprisingly weak justification for such strong 

claims to certainty.  So in section 4.4.2, I shall attempt to reconcile the epistemic status of 

Newton’s laws, with the support offered for them. 

4.4.1 Rule 4 and probabilism 

Shapiro has suggested that, late in life, Newton abandoned his quest for certainty in 

favour of theories that were merely highly probable.  He says, “Only in the last decades 

of his life did [Newton] accept the probabilism of his contemporaries” (Shapiro, 1993: 

14).188  Guicciardini has echoed this suggestion, citing the passage on the methods of 

analysis and synthesis from query 31 (Guicciardini, 2011: 14) and the above statement 

from Shapiro (Guicciardini, 2011: 20).  In this section, I start by considering the passage 

from query 31 of the Opticks.  I shall also introduce rule 4 of the Principia, because this 

expresses a similar methodological claim.  I shall argue that neither of these passages 

advocate probabilism, which suggests that Newton did not adopt probabilism. 

In 1717, Newton published the second edition of the Opticks, in which he added to 

the queries.  Query 23 became query 31, and was expanded to include a methodological 

passage in which Newton described his methods of analysis and synthesis (or 

composition).189  The passage begins: 

As in Mathematicks, so in Natural Philosophy, the Investigation of difficult Things by the Method 

of Analysis, ought ever to precede the Method of Composition (Newton, 1952: 404). 

According to Newton, the method of analysis involves drawing general propositions 

from the evidence of observations and experiments, “and in general, from Effects to 

their Causes” (Newton, 1952: 404).  In contrast, the method of composition involves 

assuming the causes and inferring the effects of those causes.  Newton argued that the 

method of composition should always follow the method of analysis, using the causes 

                                                 

188 He has also made a similar point in (Shapiro, 1989: 225). 

189 In this passage, Newton interchangeably referred to the method of composition and the method of 

synthesis.  See (Ducheyne, 2012: 6-8 & 18-25) for an account of Newton’s blending of natural-philosophical 

and mathematical analysis and synthesis.  See (Guicciardini, 2011: 74-78) for Newton’s methods of analysis 

and synthesis as a response to Descartes. 
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discovered by analysis to explain their effect, thus “explaining the Phænomena” and 

“proving the Explanations” (Newton, 1952: 405).  According to Newton, both methods 

are required for a properly demonstrative science. 

In expanding on his method of analysis, Newton wrote: 

If no Exception occur from Phænomena, the Conclusion may be pronounced generally.  But if at 

any time afterwards any Exception shall occur from Experiments, it may then begin to be 

pronounced with such Exceptions as occur (Newton, 1952: 404). 

At first glance, this passage might be interpreted as describing a hypothetico-deductive 

methodology, in that it seems to suggest that the epistemic status of a theory ought to be 

sensitive to new evidence.190  I argue that this passage should not be interpreted like this.  

To understand why, and to give an alternative interpretation of this passage, we need to 

consider how this notion could be applied in practice.  In fact, this notion resembles 

another late addition to Newton’s work, rule 4, introduced in the third edition of the 

Principia (1726): 

Rule 4. In experimental philosophy, propositions gathered from phenomena by induction should be considered either 

exactly or very nearly true notwithstanding any contrary hypotheses, until yet other phenomena make such propositions 

either more exact or liable to exceptions. 

This rule should be followed so that arguments based on induction may not be nullified by 

hypotheses (Newton, 1999: 796). 

The similarities between this rule and the passage from query 31 are striking: that new 

evidence can make a proposition “either more exact or more liable to exceptions” is 

similar to pronouncing the conclusion either “more generally” or “with such Exceptions 

                                                 

190 Huygens is usually regarded as the first clearly to articulate a form of the hypothetico-deductive 

method.  The preface to his Treatise on Light, contained the following passage: 

It is always possible to attain thereby to a degree of probability which very often is scarcely less than complete proof.  To 

wit, when things which have been demonstrated by the Principles that have been assumed correspond perfectly to the 

phenomena which experiment has brought under observation; especially when there are a great number of them, and 

further, principally, when one can imagine and foresee new phenomena which ought to follow from the hypotheses which 

one employs, and when one finds that therein the fact corresponds to our prevision (Huygens, 1962: vi-vii). 

To put a modern gloss on this passage, Huygens might be interpreted as saying: If our theory fits all the known 

facts and successfully predicts novel facts, then we should consider it highly probable (i.e. probably true). 
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as occur”.  Rule 4 was employed explicitly in the Principia, so looking at how it was used 

should tell us a lot about how to interpret the passage from query 31.191 

On the face of it, rule 4 looks like a pragmatic response to the problem of 

induction.192  Newton has recognised that his philosophy takes necessary inductive steps, 

introducing uncertainty.  The phrase “very nearly true” could mean ‘highly probable’.  So, 

it might seem reasonable to put the following gloss on rule 4: If our best theory fits all the 

known facts, then we should act as though it is highly probable (i.e. tentatively accept it) until more facts 

either support or refute it.  This is a misinterpretation – and I take it that an interpretation of 

this kind is the source of Shapiro’s and Guicciardini’s claims. 

In the Principia, Newton only explicitly employed rule 4 once, in his argument for 

universal gravitation, proposition 5 book 3: 

Proposition 5. The circumjovial planets gravitate toward Jupiter, the circumsaturnian planets gravitate toward 

Saturn, and the circumsolar planets gravitate toward the sun, and by the force of their gravity they are always drawn 

back from rectilinear motions and kept in curvilinear orbits (Newton, 1999: 805). 

The argument takes the following form: 

                                                 

191 As I have emphasised elsewhere in this thesis, I take this to be a good approach for clarifying 

Newton’s methodology. 

192 The ‘problem of induction’ is usually attributed to Hume (e.g. Chalmers, 1999: 50).  Hume 

observed that when we see repeated instances of some kind of event E1 being followed by some other kind 

of event E2, we come to expect that the next E1 will also be followed by E2.  This is what we might now 

call an ‘inductive inference’, although Hume did not use the term.  Hume observed that we do this out of 

habit, and he argued that we have no other justification for it (Hume, 1962).  Thus, Hume posed a problem 

that has proved very difficult to solve: finding a good justification for following the principle of induction.  

While Hume was the first to express the problem in this way, the general problem was well known prior to 

this. 
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P1. In system S1, effect E is caused by G. 

P2. The same effect E also occurs in systems S2, S3, …, Sn. 

P3. Whenever the same effect occurs, we should infer the same cause. 

P4. G is sufficient to cause E in systems S2, S3, …, Sn. 

P5. If G is sufficient to cause effect E in systems S2, S3, …, Sn, then we should infer 

G, and no other causes of E. 

C. In systems S2, S3, …, Sn, effect E is caused by G, and no other causes (from 

P1, P2, P3, P4 & P5). 

In this argument, Newton built on proposition 4, in which he extended terrestrial gravity 

to the moon.193  So, in proposition 5, Newton made his argument for universal 

gravitation by generalising step-by-step from the motion of the moon with respect to the 

Earth, the motions of the moons of Jupiter and Saturn with respect to Jupiter and 

Saturn, and the motions of the planets with respect to the Sun, to the forces producing 

those motions.  Thus, in this argument, S1, refers to the two-body Earth-moon system.  

Systems S2, S3, …, Sn refer respectively to two-body systems involving Jupiter and each of 

its moons, Saturn and each of its moons, and the Sun and each of the planets.  In the 

scholium following proposition 5, Newton said: 

Hitherto we have called ‘centripetal’ that force by which celestial bodies are kept in their orbits.  It 

is now established that this force is gravity, and therefore we shall call it gravity from now on.  For 

the cause of the centripetal force by which the moon is kept in its orbit ought to be extended to all 

the planets, by rules 1, 2, and 4 (Newton, 1999: 806). 

As we saw in section 4.2.3, rules 1 and 2 tell us not to postulate more causes than are 

sufficient for the effect, and that we should assume that effects of the same kind have 

causes of the same kind.  Now let’s see what rule 4 tells us about proposition 5. 

Firstly, the application of rule 4 here tells us that Newton considered this inference 

to be inductive.  Ducheyne has described this particular style of inductive inference as 

“inductive gradualism” (Ducheyne, 2012: 162).  According to Ducheyne: 

                                                 

193 See section 4.2.3 above for a discussion of Newton’s inference to proposition 4 book 3. 
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Newton did not immediately proceed from particulars to the theory of universal gravitation.  

Rather, he proceeded step-by-step from particulars to increasingly wider generalizations until a 

universal generalization is established (Ducheyne, 2012: 162). 

Newton approached universal gravitation via a series of increasingly complex 

approximations.  He started with the simplest, one-body models (propositions 1 and 2 

book 1), which state physico-mathematical conditions under which Keplerian motion 

would hold exactly, given the first two laws of motion.  In the phenomena of book 3, he 

established that Keplerian motion is manifest in the motions of planetary bodies.  This 

allowed him, firstly, to postulate an inverse-square centripetal force as the cause of this 

motion, secondly, to extend terrestrial gravitation to the moon, and then thirdly, to 

extend gravity to all the planets and their satellites.  Any discrepancy between that 

original one-body model and the world was seen as evidence of an additional force (for 

instance, an extra body).  And so, for example, in proposition 3 book 3, the moon’s slight 

deviation from the inverse-square law is taken as evidence that the sun is also acting on 

the moon (Newton, 1999: 802-803).  This notion of ‘inductive gradualism’ is nicely 

characterised by Cohen’s ‘Newtonian Style’ (discussed in section 4.1.2). 

Secondly, by rule 4, we should consider proposition 5 as “either exactly or very 

nearly true”.  Contrary to the gloss I suggested above, this rule does not invite us to 

regard propositions as ‘highly probable’ until other evidence either increases or decreases 

our credence in the proposition.  Rather, we should take this proposition as true.  If there 

is a slight deviation between the proposition and the world, then we should regard the 

proposition as an approximation which correctly captures the causal dynamics of the 

system.  In book 3, the relevant phrase in rule 4 is written in Latin as “[…] pro veris aut 

accurate aut quamproxime haberi debent […]” (Newton, 1972b: 555).  Ducheyne has argued 

that the term ‘quamproxime’ should be translated as ‘as most closely as possible’ 

(Ducheyne, 2012: 82), which is stronger than the translation ‘very nearly’, which we find 

in Cohen and Whitman’s translation of the Principia (Newton, 1999).194 

Thirdly, rule 4 tells us that, if exceptions to proposition 5 occur, instead of reducing 

our credence in the proposition, we should either increase the complexity of the model 

(thus, making it more accurate), or de-generalise the proposition (thus, restricting the 

                                                 

194 On the role of ‘quam proxime propositions’ in the Principia, see (Ducheyne, 2013: 82-92) and (Smith, 

2002: 155-156). 
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domain to which the model applies).  De-generalising a proposition does not reduce its 

certainty; rather, it reduces the scope of the proposition while maintaining its certainty.  

Thus, if faced with ‘contrary instances’, we should reduce the scope of the proposition: we 

should still think that it’s true, but true of fewer instances. 

Fourthly, according to rule 4, only phenomena can provide counter instances to 

proposition 5.  Thus, contrary hypotheses may not be treated as refutations.  By ‘contrary 

hypotheses’, commentators have taken Newton to be referencing Descartes, who 

invented contrary hypotheses in order to cast doubt on the proposition we have accepted 

(e.g. Achinstein, 2013: 51).  Thus, Achinstein has interpreted Newton’s rule 4 in the 

following way: 

There may be another hypothesis, incompatible with yours, from which the same phenomena can 

be derived and explained.  If so, then, according to the hypothetico-deductivist, that hypothesis 

would also be established.  But two incompatible hypotheses can’t both be established on the basis 

of the same phenomena.  From the ‘mere possibility’ of a hypothesis – that is, from the mere fact 

that it entails and explains a range of phenomena – you cannot conclude that it is true (Achinstein, 

2013: 74-75). 

Similarly, Harper has argued that contrary hypotheses are alternative propositions that 

are not “sufficiently supported empirically to be counted as serious rivals” (Harper, 2011: 

109). 

The above interpretation of ‘contrary hypotheses’ was suggested by Newton in a 

draft letter to Cotes (March 1713): 

One may suppose that bodies may by an unknown power be perpetually accelerated and so reject 

the first law of motion.  One may suppose that God can create a penetrable body and so reject the 

impenetrability of matter.  But to admit of such hypotheses in opposition to rational propositions 

founded upon phenomena by induction is to destroy all arguments taken from phenomena by 

induction and all principles founded upon such arguments (Newton, 2004: 120). 

I suggest we should interpret the notion of contrary hypotheses more broadly, by 

drawing on my previous discussions of the role of hypotheses in Newton’s methodology, 

to include speculations about matter theory.  Rule 4 tells us that hypotheses may not 

refute or alter propositions: “This rule should be followed so that arguments based on 

induction may not be nullified by hypotheses” (Newton, 1999: 796).  Recall that, for 

Newton, theorems were on epistemically surer footing than hypotheses, because they 

were grounded on phenomena.  When faced with a disagreement between a hypothesis 
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and a theorem, we should modify the hypothesis to fit the theorem, and not vice versa.  

Newton explained this idea in the same draft letter to Cotes (quote above): 

And therefore as I regard not hypotheses in explaining the phenomena of nature, so I regard them 

not in opposition to arguments founded upon phenomena by induction or to principles settled 

upon such arguments.  In arguing for any principle or proposition from phenomena by induction, 

hypotheses are not to be considered.  The argument holds good till some phenomenon can be 

produced against it (Newton, 2004: 120). 

And later in the same letter: 

It is not enough to object that a contrary phenomenon may happen but to make a legitimate 

objection, a contrary phenomenon must be actually produced.  Hypothetical philosophy consists in 

imaginary explications of things and imaginary arguments for or against such explications, or 

against the arguments of experimental philosophers founded upon induction.  The first sort of 

philosophy is followed by me, the latter too much by Descartes, Leibniz, and some others (Newton, 

2004: 121). 

These passages echo the remarks made by Newton in an early letter to Oldenburg (6 July 

1672), when he wrote: 

I could wish all objections were suspended, taken from Hypotheses or any other Heads then these 

two; Of showing the insufficiency of experiments to determin these Queries or prove any other 

parts of my Theory, by assigning the flaws & defects in my Conclusions drawn from them; Or of 

producing other Experiments wch directly contradict me (Newton, 1959-1977: Vol. 1, ). 

So according to rule 4: 

1. In the absence of exceptions, we should take gravity to be universal; 

2. If exceptions to universal gravitation are found, we should infer that the domain 

of the theory of gravitation is limited (i.e. not universal); and 

3. We should not allow our imagined possibilities (e.g. the possibility of a penetrable 

body), or assumptions about matter theory (e.g. the improbability of action at a 

distance), to have any influence on our epistemic attitude towards universal 

gravitation. 

Rule 4 tells us, in the face of refutation, not to update the epistemic warrant of the theory, but its 

scope.  Generalisations may be de-generalised, but de-generalisation does not reduce 

certainty to probability.  This notion of de-generalisation is suggested in the passage from 

query 31: 
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If no Exception occur from Phænomena, the Conclusion may be pronounced generally.  But if at 

any time afterwards any Exception shall occur from Experiments, it may then begin to be 

pronounced with such Exceptions as occur (Newton, 1952: 404). 

To summarise, Shapiro and Guicciardini have suggested that, late in life, Newton 

gave up his goal of certainty – adopting the position that highly probable theories are the 

best we can expect.  Their source for this claim appears to be the passage on analysis and 

synthesis in query 31 of the Opticks.  I have examined the relevant passage from query 31 

and also rule 4 (which expresses similar ideas), and have shown that these do not commit 

Newton to probabilism.  Instead, they tell us that, in the event of an exception to a 

universal claim, we should de-generalise the claim, but not lower our credence.  I have 

shown that the notions expressed in these passages are similar to those expressed in 

earlier passages written by Newton.  So I see no evidence here of a late shift in Newton’s 

attitude to certainty. 

4.4.2 Supporting Newton’s laws of motion 

We have seen that there is good reason to think that the aim of certainty is an enduring 

feature of Newton’s methodology.  So now let’s turn to the axioms of Newton’s system: 

the laws of motion.  Newton clarified his mathematico-experimental approach in his 

earliest methodological statements.  His approach was based on the idea that 

mathematics is a bearer of certainty – one can reason deductively from certain axioms to 

theorems, without loss of certainty.  Moreover, it is possible to apply this method of 

reasoning to natural philosophy: one can reason deductively from laws and principles to 

propositions in natural philosophy, without epistemic loss.  So, if one can establish certain 

natural philosophical laws or principles, it is possible to reason mathematically to certain 

propositions.  By reasoning in this way, Newton thought he could achieve a 

mathematical science.  The challenge, then, was to identify laws or first principles that 

met this requirement of certainty. 

We have seen that, in Newton’s early optical work, he thought it was possible to 

establish a certain first principle via a single experiment.  Thus, Newton’s experimentum 

crucis gave him his first proposition about light – white light is composed of rays of every 

refrangibility – which he regarded as certain.  From this first principle, Newton deduced his 

proposition about coloured light – white light is composed of rays of every spectral colour – and, 

given the method of inference, he regarded this proposition as certain too. 
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Similarly, the Principia gives every appearance of following Newton’s prescriptions 

for a mathematical science.  Starting with definitions, laws, and a strong mathematical 

framework of lemmas, Newton inferred mathematical theorems and, eventually, physical 

theorems.  In the scholium to the laws, Newton asserted that they were certainly true, 

and he relied heavily on them and their corollaries to develop his theory.  In support of 

the laws, however, Newton provided a handful of experiments and claimed that he had 

the agreement of other mathematicians.  This seems a surprisingly weak justification for 

such strong claims to certainty.  So in this section, I shall attempt to reconcile the 

epistemic status of Newton’s laws, with the support offered for them.  I shall argue that, 

while the evidence gives strong support for the laws in limited cases, it does not justify 

their broader application.  I shall then suggest that Newton’s laws might get their warrant 

in another way: via a process I call ‘epistemic amplification’. 

Newton discussed his evidence for the laws of motion in a scholium at the end of 

the section.  He began: 

The principles I have set forth are accepted by mathematicians and confirmed by experiments of 

many kinds (Newton, 1999: 424). 

He expanded on this claim, discussing firstly, Galileo’s work on the descent of heavy 

bodies and the motion of projectiles, and secondly, the work conducted by Wren, Wallis 

and Huygens on the rules of collision and reflection of bodies.  Newton argued that 

Galileo had drawn his conclusions by laws 1 and 2 and the first two corollaries,195 and 

had then confirmed them by experiments.  Then he argued that Wren, Wallis and 

Huygens had used all three laws and the first two corollaries to establish their rules of 

collision and reflection of bodies.  (He emphasised the fact that the three men had made 

their inquiries independently, and so had independently converged on the same rules 

(Newton, 1999: 424).196)  Moreover, he argued, “Wren additionally proved the truth of 

                                                 

195 Ducheyne has noted that this claim about Galileo is false (Ducheyne, 2012: 72).  Galileo did not 

use laws 1 and 2, but rather, got his results from kinematical considerations (i.e. from the motions of 

bodies, rather than postulating forces).  Nevertheless, in the paragraph following, Newton shows that laws 

1 and 2 can accommodate Galileo’s results. 

196 See (Murray, et al., 2011) for an account of the contributions of Huygens, Wallis, Wren and 

Newton to the study of collisions. 



 

 182 

these rules […] by means of an experiment with pendulums” (Newton, 1999: 425).  

Thus, Newton made three claims to establish the high epistemic status of his laws: 

1. The laws and their corollaries have been accepted by mathematicians such as 

Galileo, Wren, Wallis and Huygens (the latter three were “easily the foremost 

geometers of the previous generation” (Newton, 1999: 424)); 

2. The laws and their corollaries had been invoked to establish several theories 

involving the motions of bodies; and 

3. The theories established in (2) had been confirmed by experiment (which, in turn 

confirmed the truth of the laws). 

These claims show us that Newton regarded his laws as well-established empirical 

propositions.197  But was the evidence good enough to support his claims to certainty? 

To shed some light on the kind of support Newton was claiming for his laws, I turn 

briefly, to consider another methodological statement by Newton.  This one is from his 

manuscript, De gravitatione (‘De grav.’ for short).198  Ostensibly, the topic of De grav. is “the 

science of the weight and of the equilibrium of fluids and solids in fluids” (Newton, 

2004: 12).  The manuscript opens with a statement of Newton’s methodology.  This 

passage is worth quoting in extenso: 

It is fitting to treat the science of the weight and of the equilibrium of fluids and solids in fluids by a 

twofold method.  To the extent that it appertains to the mathematical sciences, it is reasonable that 

I largely abstract it from physical considerations.  And for this reason I have undertaken to 

demonstrate its individual propositions from abstract principles, sufficiently well known to the 

student, strictly and geometrically.  Since this doctrine may be judged to be somewhat akin to 

                                                 

197 Newton’s attitude to laws contrasts with Descartes’, in that Newton denied that we could achieve 

non-empirical knowledge of the laws of nature by deducing them from our more fundamental knowledge 

of God.  See Janiak (Janiak, 2013: 102-104) for a brief discussion of this point. 

198 Newton’s De grav. was published for the first time in 1962 in a collection of Newton’s unpublished 

papers in (Hall & Hall, 1962).  The manuscript is untitled.  The title ‘De gravitatione’ comes from the first 

line of the Latin text: “De gravitatione et aequipondio fluidorum et solidorum in fluidis scientiam duplici method tradere 

convenit” (Hall & Hall, 1962: 90).  Its date of composition is unknown, and is the subject of scholarly 

dispute.  Some have argued that it is a juvenile work, and have argued for a dating as early as 1664 (e.g. Hall 

& Hall, 1962: 90).  Others have argued for a dating as late as 1685 (e.g. Dobbs, 1991: 141-142).  The date 

of composition does not concern us here.  I introduce the manuscript here only for the methodological 

passage, which, we shall see, resembles the methodology of the Principia in some helpful ways. 
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natural philosophy, in so far as it may be applied to making clear many of the phenomena of natural 

philosophy and in order, moreover, that its usefulness may be particularly apparent and the 

certainty of its principles perhaps confirmed, I shall not be reluctant to illustrate the propositions 

abundantly from experiments as well, in such a way, however, that this freer method of discussion, 

disposed in scholia, may not be confused with the former, which is treated in lemmas, propositions 

and corollaries. 

The foundations from which this science may be demonstrated are either definitions of certain 

words, or axioms and postulates no one denies (Newton, 2004: 12). 

This passage contains some familiar themes.  The methodology described is 

mathematico-experimental: it balances mathematical inference with experimental 

support.  Unlike the passages we have seen in Newton’s early optical work, here 

mathematics and experiment are explicitly separate steps in the process of scientific 

inquiry.  This makes Newton’s mathematico-experimentalism a two-pronged 

methodology. 

Fluid dynamics can be treated mathematically, and so the first prong of the method 

is concerned with geometry.  So Newton planned to “abstract [the phenomena] from 

physical considerations”, and to demonstrate his propositions “strictly and 

geometrically”.  This method involves: 

a) Establishing a strong foundation of abstract principles (i.e. definitions, axioms 

and postulates); and 

b) Deducing lemmas, propositions and corollaries from those principles. 

Since fluid dynamics also concerns natural phenomena, the second prong of the method 

concerns natural philosophy.  The purpose is to apply the propositions established 

geometrically to natural phenomena in order to: 

c) Clarify the relevant natural phenomena; 

d) Demonstrate the usefulness of the geometrical propositions; and 

e) Confirm the certainty of the principles from which the geometrical propositions 

were derived. 

Notice that both prongs of this methodology emphasise first principles.  First principles 

are supposed to provide the foundation for a mathematical science (a), and are supposed 

to be confirmed natural philosophically (e).  These are two different projects, requiring 

different strategies.  The first (a) is to specify first principles for use in a mathematical 
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project.  The second (e) is to justify the application of those first principles to natural 

philosophy. 

Let us consider the first of these projects: the specification of first principles for 

mathematics.  These abstract principles were supposed to be “sufficiently well known to 

the student” or “definitions of certain words, or axioms and postulates no one denies”.  

This sounds similar to the ‘agreement of mathematicians’, which Newton claimed for his 

three laws.  However, the emphasis on students here suggests that these principles are 

supposed to be undisputed and fundamental – i.e. the kinds of things a student would 

learn by way of introduction to the field.  Newton expressed a similar notion in the 

Opticks when he introduced the axioms:199 

For what hath been generally agreed on I content my self to assume under the notion of Principles, 

in order to what I have farther to write.  And this may suffice for an Introduction to Readers of 

quick Wit and good Understanding not yet versed in Opticks […] (Newton, 1952: 20) 

Now consider the second project: the justification of those first principles in natural 

philosophy.  Newton wrote that, in order to confirm the principles, he would “illustrate 

the propositions abundantly from experiments”.  This is a good description of Newton’s 

style of ‘confirmation’ of the laws in the Principia.  Newton did not mention crucial 

experiments in either case.  Moreover, the fact that such discussions were supposed to be 

conducted informally, in scholia, suggests that these experiments give nothing like the 

strong support provided by an experimentum crucis.  In short, justifying the appropriateness 

of applying well-established mathematical axioms to natural phenomena looks 

surprisingly informal. 

So let’s take stock of the situation.  We have seen that in the scholium to the laws of 

motion Newton claimed that his laws were certainly true.  In support he cited 

mathematicians’ agreement and experimental support (but nothing resembling the strong 

support of an experimentum crucis).  This does not fit with Newton’s earlier notion of 

                                                 

199 The axioms of the Opticks and Principia differ in the nature of the information they carry.  The laws 

of motion carry causal information; they tell us about the effects certain forces have on bodies.  So the 

causal explanations introduced by Newton in the Principia book 3 are both licensed and constrained by the 

laws of motion.  In contrast, the axioms in the Opticks do not carry any information about causes.  Rather, 

they describe certain properties of light in geometrical terms.  This contrast is discussed in more detail in 

Ducheyne (Ducheyne, 2012: 220-221). 
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obtaining certainty via mathematical reasoning.  That notion required that the axioms or 

first principles were certainly true, and, in his early optical work, Newton met this 

requirement by way of an experimentum crucis.  To shed light on the support offered for 

the laws, we looked at the methodological passage at the start of Newton’s De grav.  Here 

he argued that mathematical science is carried out by way of a two-pronged 

methodology.  The first prong is mathematical: from mathematical axioms (well-known 

by students and undisputed) one infers mathematical propositions.  The second prong is 

philosophical: one applies the mathematical propositions to natural phenomena, using 

experiments to demonstrate the certainty of the axioms or first principles.  Here we saw 

that there were two different projects with regard to the first principles.  The first was to 

select principles that would provide the axioms of his mathematical system.  The second 

was to justify the application of those principles as the laws in his physical system.  To 

apply the first principles to natural phenomena, Newton needed to show that they truly 

described fundamental aspects of the natural world.  He thought that the best way to do 

this was via experiment.  This situation looks very similar to the situation in the Principia, 

so let’s return to this now. 

Let us look more carefully at the evidence Newton provided.  To begin, it wasn’t the 

case that the experiments conducted by Galileo and Wren were alone sufficient to 

establish the truth of the laws.  Newton claimed that others had confirmed the laws by 

experiment, and yet, he included an important caveat: the theories applied exactly only in 

ideal situations, i.e. situations involving perfectly hard bodies in a vacuum.  So Newton 

claimed that Galileo’s theories were confirmed by experiment, “except insofar as these 

motions are somewhat retarded by the resistance of the air” (Newton, 1999: 424).  

Moreover, while Wren had proved the rules of collision by his experiments with 

pendulums, “if this experiment is to agree precisely with the theories, account must be 

taken of both the resistance of the air and the elastic force of the colliding bodies” 

(Newton, 1999: 425). 

Thus, to supplement the experiments he attributed to Galileo and Wren, and to 

establish properly his laws of motion, Newton proposed some experiments to account 

for air resistance and the elasticity of bodies.  Firstly, he described his experiments with 

ten-foot pendulums, in which he determined the effect of air resistance on bodies, and 

how to correct for this.  Then he described his collision experiments, in which he varied 

the hardness or elasticity of the bodies, and established how to correct for it.  By these 



 

 186 

experiments, Newton demonstrated that, once he had controlled for air resistance and 

degree of elasticity, the rules for collisions held.  He concluded: 

And in this manner the third law of motion – insofar as it relates to impacts and reflections – is 

proved by this theory [i.e. the rules of collisions], which plainly agrees with experiments (Newton, 

1999: 427). 

This passage suggests that law 3 is indirectly supported by the experiments.  That is, the 

rules of collisions support a limited version of law 3.  And the rules themselves appear to 

hold under experimental conditions.  So Newton still needed to show that law 3, in its 

universal form, was empirically supported.  He attempted to do this by demonstrating its 

usefulness in a range of situations. 

Having established that law 3 holds for impacts and reflections, Newton now 

extended law 3 to cases of attraction.  He asked the reader to consider the following 

scenario: 

Suppose that between any two bodies A and B that attract each other any obstacle is interposed so 

as to impede their coming together.  If one body A is more attracted toward the other body B than 

that other body B is attracted toward the first body A, then the obstacle will be more strongly 

pressed by body A than by body B and accordingly will not remain in equilibrium.  The stronger 

pressure will prevail and will make the system of the two bodies and the obstacle move straight 

forward in the direction from A toward B and, in empty space, go on indefinitely with a motion 

that is always accelerated, which is absurd and contrary to the first law of motion (Newton, 1999: 

427-428). 

That is, according to law 1, a system will persevere in a state of rest or uniform motion in 

the absence of any external cause.  But this thought experiment shows that, if law 3 does 

not hold between the bodies in the system, then the system will constantly accelerate 

without any external cause, in violation of law 1.  Therefore, law 3 must hold.  Janiak has 

noted that Newton’s law 1, the principle of inertia, had long been accepted as a 

fundamental law (Janiak, 2013: 102).  So this modus tollens was a strong argument for the 

application of law 3 to cases of attraction.  But Newton also provided an experiment to 

support this argument, which involved two bodies, one magnetic and one iron, floating 

in water: 

If these are placed in separate vessels that touch each other and float side by side in still water, 

neither one will drive the other forward, but because of the equality of the attraction in both 
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directions they will sustain their mutual endeavors toward each other, and at last, having attained 

equilibrium, they will be at rest (Newton, 1999: 428). 

In the next paragraph, Newton argued that “[i]n the same way gravity is mutual between 

the earth and its parts” (Newton, 1999: 428).200  So here Newton had extended law 3 to 

cases of attraction.  But support for law 3 in these cases relied heavily on the truth of law 

1.201 

Moving on from attractions, Newton then set out to demonstrate the broader 

application of law 3.  He argued that law 3 holds whenever the problem is “To move a 

given weight by a given force” (Newton, 1999: 429).  To support this point, he 

considered various machines.  For example, he argued that two bodies suspended from 

opposite ends of a balance have equal downward force if their respective weights are 

inversely proportional to the distances between the axis of the balance and the points at 

which they are suspended.  And he argued that a body, suspended on a pulley, is held in 

place by a downward force which is equal to the downward force exerted by the body.  

Returning to the main topic at hand, Newton explained that: 

By these examples I wished only to show the wide range and the certainty of the third law of 

motion (Newton, 1999: 430). 

What these examples in fact show, is the explanatory power of the laws of motion – 

particularly law 3 – in natural philosophy.  Newton started by demonstrating this 

explanatory power in the case that everyone accepted: collision.  But then he quickly 

went beyond that, to show the various ways in which law 3 may be used to explain or 

describe other physical situations.  Why is it that the magnet and the iron don’t float off 

together at an increasing speed?  Because, by law 3, as the magnet attracts the iron, so the 

iron attracts the magnet, causing them to press on one another.  Why do weights on a 

balance achieve equilibrium under certain conditions?  Because, by law 3, the downward 

force at one end of the balance is equal to the upward force at the other end of the 

balance.  These examples show that Newton was conceiving of this law in a very broad 

                                                 

200 This paragraph was introduced in the second edition (Newton, 1999: 428, n.cc). 

201 Law 1 has often been described as a ‘ceteris paribus law’ (e.g. Weinert, 1996: 91).  But this label has 

been wrongly applied.  Law 1 is not ceteris paribus but a counterfactual conditional.  It is taken to hold 

universally.  See (Reutlinger, et al., Spring 2014) for an account of ceteris paribus laws. 
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way.  And hence, that law 3 had explanatory breadth.  But these examples do not give us 

a compelling reason to think that law 3 holds for gravitational attraction. 

It is clear that Newton was convinced of the strength of his laws of motion.  But 

this, fairly informal, discussion of experiments did not justify his claims to certainty.  I 

now suggest that Newton’s laws did not acquire their epistemic status directly from 

experiment, but rather, by virtue of their relationship to the theorems derived from them.  I call 

this notion ‘epistemic amplification’.  I shall suggest that, by reasoning mathematically 

from axioms to theorems, the axioms obtained higher epistemic status, and the reasoning 

process effectively amplified the epistemic status of the axioms. 

To begin, recall the two projects I identified above: 

1) The specification of first principles as the axioms of a mathematical system; and 

2) The justification of first principles as the laws in natural philosophy. 

Let us suppose, for now, that ‘agreement of mathematicians’ is good enough to justify 

Newton’s introduction of the laws as axioms in his mathematical system.202  But it seems 

plausible that their epistemic status increases by virtue of their success in the 

mathematical system.  In particular, by their success in entailing Keplerian motion.  Here, 

it looks like some kind of epistemic gain is occurring.  Suppose that Kepler’s rules are 

more certain than the laws of motion.  From the certainty of these rules (i.e. propositions 

1 and 2 book 1), Newton could infer the certainty of his laws.  And instead of simply 

avoiding epistemic loss, Newton would have achieved epistemic gain.  Ducheyne seems to 

suggest something similar: 

Insofar as the physico-mathematical models of Book I are based on the laws of motion, the 

fruitfulness of the laws of motion can be measured by the fruitfulness of the physico-mathematical 

models derived from them – which counts as indirect support for the laws of motion (Ducheyne, 

2012: 73). 

So it seems plausible to suggest that the epistemic status of the laws, qua mathematical 

axioms, could increase by virtue of their relationship to Kepler’s rules, and other 

propositions derived from them. 

                                                 

202 In modern Bayesian terms, we might say that ‘agreement by mathematicians’ gives Newton’s laws 

high subjective priors.  Many would say that this is good enough. 
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Now let’s consider the second project – the application of the laws to natural 

philosophy.  Again, suppose that the discussion in the scholium gives at least some 

minimal justification for their use.  This seems plausible to me.  It also seems plausible to 

suggest that these laws, as physical principles, gain epistemic status through confirmation 

of Newton’s theory.  This occurs in book 3, with the explicit application of the 

mathematical theory to natural phenomena.  The phenomena are employed as premises 

in the reasoning process, but they also support the analogy between the model and the 

world.  Since the phenomena support the mathematical model, they must also support 

the laws of motion.203 

The kind of confirmation I have just outlined occurs explicitly in book 3.  However, 

Smith has argued that there is scope in book 1 for theory-testing (Smith, 2001: 250).  

Newton’s process of producing approximations of increasing levels of complexity 

provided regular tests of the model system, and consequently, tests of the laws.  That is, 

each time Newton introduced a new factor (e.g. an extra body, or a resisting medium), 

the model system was tested.  For instance, Smith has argued that the contrasting 

versions of the harmonic rule in one-body and two-body model systems provides a test: 

it allows the phenomena to select between singly-directed and mutually-interactive 

central forces.  Similarly, the contrasting two-body and three-body model systems 

provide a test: they allow the phenomena to select between pair-wise interactions and 

universal mutual interaction.  Smith has suggested that such tests might even count as 

crucial experiments (Smith, 2001: 250).  Propositions 51 and 52 book 2 (discussed in 

section 4.2.4) also test Newton’s theory.  In this case, the phenomena choose between 

his theory and Cartesian vortex theory.  Again, the laws seem to gain support by virtue of 

their relationship to the propositions they entail. 

To summarise, Newton claimed that his laws were certainly true, but in support he 

cited mathematicians’ agreement and experimental support.  I have argued that the 

experimental support is not adequate to justify the application of the laws to Newton’s 

physical system.  Early-Newton had a notion whereby certainty is obtained via 

                                                 

203 Leonhard Euler made a similar point, arguing that the calculated consequences of Newton’s laws 

of motion were so well-supported by terrestrial and celestial phenomena as to put the laws themselves 

beyond doubt (“Les principes de la Mechanique sont déjà si solidement établis, qu’on auroit grand tort, si l’on vouloit 

encore douter de leur verite” (Euler, 1750: 324)). 
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mathematical reasoning.  That notion requires that the axioms or first principles are 

certainly true.  I have sketched an account in which Newton’s laws gain epistemic status 

by virtue of their relationship to the propositions they entail. 

4.5 Epistemic Triad and the Principia 

I have argued that the methodology of Newton’s optical work can be characterised by an 

epistemic triad, i.e. a three-way epistemic distinction between theories, hypotheses and 

queries.  In chapter 2, I argued that the epistemic triad drove Newton’s early optical 

investigations in the trajectory from experiment towards certainty.  His goal was to 

produce determinate natural philosophical claims.  Hypotheses and queries performed 

auxiliary functions in the trajectory towards theories that he regarded as certainly true.  I 

set out these general features in four claims, which I reiterate here: 

E1. The epistemic triad drives Newton’s natural philosophical research in a trajectory 

from experiment to certainty, using mathematical reasoning; 

E2. The fundamental distinction between the three key methodological terms – theory, 

hypothesis, and query – is epistemic, and turns on the level of certainty; 

E3. Hypotheses play a supporting role to theories in which the truth of the hypothesis 

is irrelevant; and 

E4. Queries play a supporting role to theories in which the object is to resolve the 

query. 

In chapter 3, I argued that these methodological features were also present in the 

Opticks.  Firstly, we saw that Newton intended for the Opticks to have a certain amount of 

mathematical rigour.  Newton aimed for (and thought he had achieved) truth.  In the 

Opticks, Newton repeatedly asserted the truth of his propositions.204  Secondly, we saw a 

strong emphasis on experiment and observation – these provided the basis for Newton’s 

optical propositions.  Thirdly, we saw that Newton was working with a clear distinction 

between theories, hypotheses and queries.  The distinction between hypotheses and 

queries in the Opticks was functional: hypotheses were introduced to provide indirect 

support for the theory; queries were introduced to give directions for further research. 

                                                 

204 While he did not do this with the emphatic certainty that we saw in his early optical work, 

Newton’s claims to truth do not suggest that he is developing probabilistic tendencies. 
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In this section, I shall argue that many of these methodological features were also 

present in the Principia. 

4.5.1 From experiment to certainty 

As with Newton’s optical work, the Principia was supposed to have mathematical rigour.  

In this way, the Principia appears to succeed where the Opticks failed.  Books 1 and 2 of 

the Principia are almost entirely devoted to the systematic development of mathematical 

models, and it is only in book 3 that these are applied to natural phenomena. 

The ‘mathematical principles’ that provide the foundation for Newton’s natural 

philosophy are empirical, in that Newton sought experimental support for them, rather 

than stipulating them a priori.  But in book 1, Newton was careful to abstract from the 

physical qualities of forces and bodies, and just focus on their mathematical properties: 

quantities and proportions.  For, as he explained in the scholium at the end of book 1, 

section 11: 

Mathematics requires an investigation of those quantities of forces and their proportions that 

follow from any conditions that may be supposed.  Then, coming down to physics,205 these 

proportions must be compared with the phenomena, so that it may be found out which conditions 

[or laws] of forces apply to each kind of attracting bodies.  And then, finally, it will be possible to 

argue more securely concerning the physical species, physical causes, and physical proportions of 

these forces (Newton, 1999: 589 – brackets indicate translators’ comment). 

Thus, there is a clear sense in which, in the Principia, mathematical reasoning is 

instrumental in the trajectory from experiment towards a certain natural philosophy. 

4.5.2 Observations and phenomena 

At the start of book 3, Newton explained: 

In the preceding books I have presented principles of philosophy that are not, however, 

philosophical but strictly mathematical – that is, those on which the study of philosophy can be 

based […]  It still remains for us to exhibit the system of the world from these same principles 

(Newton, 1999: 793). 

Thus, in book 3, there is an emphasis on astronomical observations and the six 

phenomena.  I have argued for a functional distinction between observations and 

                                                 

205 I suggest that a more appropriate translation of ‘physicam’ is ‘natural philosophy’. 
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phenomena in the Principia, based on Bogen and Woodward’s distinction between 

phenomena and data.  The observations are not pure data, in that their calculation 

involved extensive observational and theoretical work.  However, I have shown that they 

perform the role of data in Bogen and Woodward’s sense.  Firstly, they are the 

observational records from which the phenomena are drawn.  Secondly, they reflect a 

number of causal influences.  The observations are the records from which the 

phenomena are drawn.  The phenomena describe isolated patterns of regularities, and are 

the explananda of Newton’s system. 

I have argued that there are similarities between the phenomena in the Principia and 

the experiments in the Opticks.  In the Opticks, Newton’s experiments are idealised, and 

describe perfectly isolated explanatory targets.  Here, Newton isolated his explanatory 

targets by making observations under controlled, experimental conditions.  In the 

Principia, Newton isolated his explanatory targets mathematically: from astronomical data, 

he calculated the motions of bodies with respect to a central focus.  In both cases, the 

mediation between observation and theory led to idealised descriptions of the target 

system.206 

My analysis of Newton’s phenomena has revealed several interesting features of 

Newton’s methodology.  Firstly, as I discussed in section 4.3, while traditionally there 

was no real difference between phenomena and data, for Newton, these came apart.  

Secondly, Newton’s use of ‘phenomenon’ fits, what I have called, his ‘rhetorical style’.  

Newton took the already familiar term and stretched it to fit his methodology.  It is well 

known that Newton did this with many of his innovative philosophical ideas, such as 

‘force’ and ‘mass’.  However, I argue that this is also a feature of many of Newton’s 

methodological concepts: he ‘borrowed’ familiar terms and ‘massaged’ them to fit his 

own needs.  Steffen Ducheyne has argued that Newton did this with his dual-methods of 

analysis and synthesis (Ducheyne, 2012: 5).  Because Newton bends both terms and 

concepts to fit his needs, it is a mistake to focus too closely on definitions.  We should 

instead understand his methodology in terms of the roles which concepts play.  No one, 

not even Newton, explicitly stated that ‘phenomena’ were idealised explananda, isolated 

                                                 

206 Newton’s discussion of the phenomena in his A Treatise of the System of the World contains the 

phrase, “These are astronomical experiments” (Newton, 1728: 12).  This suggests that Newton was indeed 

thinking of phenomena along these lines. 
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from much of the causal chaos that attends observations.  Nonetheless, my analysis 

reveals that Newton used them as such.  It seems therefore, that, when discussing 

Newton’s methodology, we should emphasize divisions and functions over definitions. 

4.5.3 Hypotheses and scholia 

In Newton’s early work, he employed a distinction between theories, which were 

certainly true, and hypotheses, which were uncertain and speculative.  Newton avoided 

using hypotheses in his work – not wanting to “mingle conjectures with certainties” 

(Newton, 1959-1977: Vol. 1, ).  In chapter 3, we saw that, according to Newton, there 

were only two good reasons to introduce a speculative claim: 

1) To provide indirect support for the theory; or 

2) To give directions for further research. 

In the Opticks, we saw that (1) required a hypothesis and (2) required a query.  Thus, 

hypotheses were only introduced in situations where their truth-value was irrelevant.  If 

the truth of a speculative claim was relevant, it was stated as a query – as something to be 

resolved, and it was never assumed.  In the Opticks book 2, Newton employed a 

hypothesis to provide support for his notion of fits, and in book 3, he used queries to 

provide directions for further research. 

In the Principia, Newton used hypotheses as premises in several arguments.207  In 

each case, they made assumptions that simplified the calculations and thus provided tests 

for the theory.  In this way, they provided indirect support.  Moreover, they were 

introduced in such a way that their truth or falsity did not affect the epistemic status of 

the theory.  This shows that, in the Principia, Newton employed hypotheses in a way that 

was consistent with the method of hypotheses in his optical work. 

There are no queries in the Principia.  However, I now argue that Newton’s scholia 

performed the function of queries: they gave directions for future research.  As we saw in 

section 4.4, scholia are informal discussions of formal concepts.  In book 3, Newton 

explained: 

                                                 

207 In section 4.2, I argued that the first edition of the Principia should not be regarded as the final 

product of Newton’s work on rational mechanics.  So, in this section, my comments on methodology 

pertain to editions 2 and 3. 
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But in order to prevent these principles from seeming sterile, I have illustrated them with some 

philosophical scholiums [i.e., scholiums dealing with natural philosophy], treating topics that are 

general and that seem to be the most fundamental for philosophy, such as the density and 

resistance of bodies, spaces void of bodies, and the motion of light and sounds (Newton, 1999: 

793). 

Newton used the language of ‘illustration’ – the same terminology he used in his optical 

work.  Thus, in the Principia, one of the functions of the scholia is to explore the 

application of mathematics to natural phenomena, and thus to provide further support to 

propositions.  The most extreme case of this is in the General Scholium, which 

concludes the Principia.  The General Scholium gives directions for research into the 

nature and cause of gravity.  In this way, it looks a lot like the queries at the end of the 

Opticks.  It is to this, the conclusion of the Principia, that I now turn. 

4.5.4 The General Scholium 

I have addressed the various components of Newton’s methodology in the Principia, 

including his epistemic goals and the epistemic status of the laws of motion, the distinct 

functions of the hypotheses, rules and phenomena, and the relationship between 

astronomical observations and the phenomena.  I have also argued that the epistemic 

triad is operative in the Principia.  In chapter 5, I shall argue that this gives us good reason 

to think that many of the methodological features of the Principia are enduring features of 

Newton’s methodology.  But before moving onto the final chapter, we need to tie up 

one final loose end: the General Scholium.  The General Scholium was added late in the 

process of preparing the second edition of the Principia, and is perhaps the most 

(in)famous section of this work.  I outlined the topics addressed by Newton in this 

scholium in section 4.1.  Here I am interested in the penultimate paragraph of the 

General Scholium: the methodological passage. 

The passage begins: 

Thus far I have explained the phenomena of the heavens and of our sea by the force of gravity, but 

I have not yet assigned a cause to gravity (Newton, 1999: 943). 

The passage goes on to enumerate some of the achievements of the Principia.  Firstly, 

book 1 established the following properties of gravity: 

 Gravity penetrates to the centres of planetary bodies; 
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 The power of gravity to act is just as strong at the centre of a body as it is on 

the surface; 

 The power of gravity to act is in proportion to the quantity of solid matter of 

the body, rather than its surface area (Newton noted that this made gravity a 

non-mechanical cause (Newton, 1999: 943))208; 

 Gravity extends in every direction to very great distances; and  

 The power of gravity decreases as the squares of those distances. 

Secondly, book 3 has found that these properties of gravity apply in our solar system, so 

that gravity towards the sun is compounded of the gravity of each individual particle of 

matter that makes up the sun, and that the power of the gravity towards the sun 

decreases in proportion to the square of the distance. 

Then we reach the crux of the matter, which I shall quote in extenso: 

I have not as yet been able to deduce from phenomena the reason for these properties of gravity, 

and I do not feign hypotheses.  For whatever is not deduced from the phenomena must be called a 

hypothesis; and hypotheses, whether metaphysical or physical, or based on occult qualities, or 

mechanical, have no place in experimental philosophy.  In this experimental philosophy, 

propositions are deduced from the phenomena and are made general by induction.  The 

impenetrability, mobility, and impetus of bodies, and the laws of motion and the law of gravity have 

been found by this method.  And it is enough that gravity really exists and acts according to the 

laws that we have set forth and is sufficient to explain all the motions of the heavenly bodies and of 

our sea (Newton, 1999: 943). 

The themes of this passage are very familiar to us.  Firstly, here Newton explicitly 

identified the Principia as a work of experimental philosophy.  As he saw it, the 

experimental philosophy involved ampliative reasoning from natural phenomena to 

general propositions.  We have seen that Newton’s phenomena are not purely 

observational, but are isolated explanatory targets.  We have also seen that Newton did 

not generalise in one fell swoop, but in a sequence of steps.  Such was Newton’s take on 

the experimental philosophy, as it applied to ‘rational mechanics’.  I shall discuss this 

further in chapter 5. 

                                                 

208 For a reading of universal gravitation as mechanical see (Machamer, et al., 2012) and (Kochiras, 

2013). 
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Secondly, Newton took a stance against hypotheses.  This scholium was added in the 

same edition in which Newton relabelled the original nine hypotheses from book 3.  That 

Newton declared ‘Hypotheses non fingo’ and yet continued to employ a select few 

hypotheses suggests that he did not mean to cleanse the work entirely of hypotheses.  

Cohen (Cohen, 1962) and Koyré (Koyré, 1965) have pointed out that the term ‘feign’ 

carries the nuance of pretence, counterfeit or sham.  This suggests that Newton was 

saying that he would not introduce hypotheses as true explanations of things.  As we 

have seen, Newton’s hypotheses performed a vital supportive role that did not require 

that they be true.  Each time he introduced a hypothesis, he explicitly retracted it in a 

scholium.  Thus, his usage of hypotheses appears entirely consistent with his claims in 

the General Scholium. 

Thirdly, Newton explained that his methodology could not tell us anything concrete 

about the nature of gravity.  However, he insisted, on balance his method had been very 

successful.  Here we can distinguish between what Newton wanted to achieve, and what 

he thought he could achieve.  It is clear that Newton wanted to give a complete, true 

theory of the world – including an account of the motions of the planets and comets, the 

cause of gravity, and even God’s relation to the natural world.  But in the trade-off 

between completeness and truth, Newton sided with the truth.  As he wrote in an 

unpublished Preface to the Principia (in the mid-1710s), “still it is better to add something 

to our knowledge day by day than to fill up men’s minds in advance with the 

preconceptions of hypotheses” (Newton, 1999: 54).  Similarly, in query 28 of the Opticks, 

Newton wrote: 

And though every true Step made in this Philosophy brings us not immediately to the Knowledge 

of the first Cause, yet it brings us nearer to it, and on that account is to be highly valued (Newton, 

1952: 370). 

Newton’s modesty and restraint in the General Scholium should not be misinterpreted as 

lack of epistemic ambition.  The surest way to achieve certainty would be to keep his 

domain of inquiry as narrow as possible, or even, to limit it to the internal consistency of 

a mathematical model.209  But Newton did not do this.  Rather, he pushed at the 

                                                 

209 In 1686, Newton considered supressing book 3, and only publishing the first two under the title 

‘De motu corporum libri duo’.  See Cohen’s Guide to the Principia (Newton, 1999: 48-49) for a brief account of 

this event. 
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boundaries of what could be known with certainty.  He used an innovative array of 

reasoning techniques to make increasingly general claims about gravity, ambitiously 

generalising from pendulums, to terrestrial bodies, to the moon, to all celestial bodies, 

and finally to all bodies. 

In the final paragraph, however, Newton allowed himself to speculate: 

A few things could now be added concerning a certain very subtle spirit pervading gross bodies and 

lying hidden in them.  […  But] there is not a sufficient number of experiments to determine and 

demonstrate accurately the laws governing the actions of this spirit (Newton, 1999: 943-44). 

We should read the final two paragraphs of the Principia as a discussion of the 

implications of his results and a suggestion of areas of further research.  Newton was 

saying that there are two jobs ahead: 

1. To give a causal explanation of gravity; and 

2. To apply the theory of gravity to other phenomena in order to solve other 

problems. 

Importantly, Newton was pointing out that we can begin on (2) without waiting to 

complete (1).  This is why Newton said that it is enough that he has established with 

certainty that gravity exists and acts according to certain laws, and yet that he was willing 

to speculate about the nature of gravity, which is at best a plausible explanation of the 

phenomena, but not to be given any credence. 
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Appendix A 

Newton’s reasoning to book 3 proposition 11 (C1) and the corollary of proposition 12 

(C2) can be reconstructed as follows (Newton, 1999: 816-817): 

P1. “The centre of the system of the world is at rest.”  (Hypothesis 1)210 

P2. “The common centre of gravity all bodies acting upon one another […] either is at rest or 

moves uniformly straight forward.” (Corollary 4 of Laws of Motion) 

P3. The common centre of gravity of the earth, the sun, and all the planets either is 

at rest or moves uniformly straight ahead. (From P2) 

C1. “The common centre of gravity of the earth, the sun, and all the planets is at rest.”  

(Proposition 11 book 3, from P1 & P3) 

P4. The earth, the sun, and all the planets gravitate towards one another, and 

therefore are constantly in motion.  (Discussion of corollary of proposition 12 

book 3) 

C2. “The common centre of gravity of the earth, the sun, and all the planets is to be considered the 

centre of the universe.”  (Corollary of proposition 12 book 3, from P1, C1 and P4) 

 

  

                                                 

210 Corollaries 5 and 6 of the laws of motion make the truth of this hypothesis irrelevant to the 

conclusion (Newton, 1999: 423). 
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Appendix B 

Newton’s argument for book 3 proposition 1 can be reconstructed as follows (Newton, 

1999: 802): 

P1.211 If a body around a point obeys the area rule in relation to a given point, then 

the motion of that body is maintained by a centripetal force directed toward 

that point.  (Proposition 2 book 1) 

P2. The moons of Jupiter around Jupiter obey the area rule in relation to Jupiter. 

(1st part of phenomenon 1 book 3) 

C1. The motions of the circumjovial planets are maintained by a centripetal force 

directed toward Jupiter. (1st part of proposition 1 book 3 – from P1 & P2) 

P3. If a body around a point follows the harmonic rule in relation to that point, 

then the centripetal force directed towards that point is inversely as the square 

of the distance from that point.  (Corollary 6, proposition 4 book 1) 

P4. The moons of Jupiter around Jupiter follow the harmonic rule in relation to 

Jupiter. (2nd part of phenomenon 1 book 3) 

C2. For each moon of Jupiter, the centripetal force directed towards the centre of 

Jupiter is inversely as the square of the distance of that moon from the centre 

of Jupiter.  (2nd part of proposition 1 book 3 – from P3 & P4) 

 

 

                                                 

211 Alternatively, Newton notes that P1 could be proposition 3 book 1: “Every body that, by a radius 

drawn to the centre of a second body moving in any way whatever, describes about that centre areas that 

are proportional to the times is urged by a force compounded of the centripetal force tending toward that 

second body and of the whole accelerative force by which that second body is urged” (Newton, 1999: 448). 
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5 Newton’s Methodology as an Epistemic Triad 

Table 5  

 

Commentators have often drawn a distinction between the methodology of the Opticks 

and the methodology of the Principia.  The following passage by Cohen and Smith is 

typical of this position: 

There is, perhaps, no greater tribute to the genius of Isaac Newton than that he could thus 

engender two related but rather different traditions of doing science (Cohen & Smith, 2002: 31). 

In this thesis, I have argued for a much more cohesive account, in which Newton’s 

methodology is best characterised by an epistemic triad: a three-way epistemic division 

between theories, hypotheses and queries.  I have examined these methodological features of 

Newton’s natural philosophy, from his early optical work in the 1670s, through to the 

third editions of the Opticks in 1721 and the Principia in 1726.  I have argued that 

Newton’s methodology over time and across contexts is more consistent that has often 

been thought.  In this chapter, I defend three theses in relation to Newton’s epistemic 

triad: 

Endurance thesis.  There are some general features of Newton’s methodology that do not 

change.  These are characterised by the framework of the epistemic triad. 

Developmental thesis.  There are some particular features of Newton’s methodology that 

change over time.  These can be characterised as a development of the epistemic 

triad. 

Contextual thesis.  There are some particular features of Newton’s methodology that vary 

with respect to context.  These can be characterised as an adaptation of the 

epistemic triad to particular contexts. 

In section 5.1, I review the central features of the epistemic triad, and the salient details 

of Newton’s methodology in his early optical work, his Opticks and his Principia.  In 

section 5.2, I defend my endurance thesis.  In section 5.3, I explore the variation in 

Newton’s methodology, defending my contextual and developmental theses.  Finally, in 

section 5.4 I conclude. 
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5.1 Newton’s Methodology 

I have analysed Newton’s methodology in terms of what I have called his ‘epistemic 

triad’.  In chapter 1, we saw that the terms ‘theory’, ‘hypothesis’ and ‘query’ were not new 

terms, invented by Newton.  Rather, these terms were borrowed by Newton from the 

existing lexicon and massaged to fit his purpose.  It should not be surprising, therefore, 

to notice that these terms shift in their meanings, and that the terms seem to be applied 

in different ways in different contexts.  I have argued that the epistemic triad is an 

epistemic distinction, rather than a juxtaposition of three methodological terms.  

Moreover, the ways in which this triad was applied changed and developed over time. 

In the preceding chapters, I have offered accounts of Newton’s methodology in his 

early optical work, his Opticks and his Principia.  I argued that a version of the epistemic 

triad is operative in each stage of Newton’s career.  I defended the following four claims: 

E1. The epistemic triad drives Newton’s natural philosophical research in a trajectory 

from experiment to certainty, using mathematical reasoning; 

E2. The fundamental distinction between the three key methodological terms – theory, 

hypothesis, and query – is epistemic, and turns on the level of certainty; 

E3. Hypotheses play a supporting role to theories in which the truth of the hypothesis 

is irrelevant; and 

E4. Queries play a supporting role to theories in which the object is to resolve the 

query. 

In this section, I consolidate my accounts of Newton’s methodology. 

5.1.1 Theories, queries and hypotheses in Newton’s early optical work  

In his first paper, Newton adopted a mathematico-experimental method.  Newton saw 

himself as occupying a position that was innovative and relatively isolated: distinct from 

both Cartesian and Baconian philosophers.  He claimed to have obtained special 

epistemic status for his theory firstly by employing well-chosen experiments to establish 

certain principles, secondly by reasoning mathematically to preserve certainty, and thirdly 

by keeping his new theory free from speculation.  The debate that followed the 

publication of his paper forced Newton to clarify his methodology.  He clarified the role 

of mathematical reasoning in his work, he elaborated on his theory-hypothesis 
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distinction, and he employed queries to steer the debate towards matters that could be 

resolved by experiment.  In this section, I review each of these points in turn. 

Firstly, consider Newton’s mathematico-experimental approach.  This approach was 

based on the idea that mathematics is a bearer of certainty – one can reason deductively 

from certain axioms to theorems, without loss of certainty.  Moreover, it is possible to 

apply this method of reasoning to natural philosophy: one can reason deductively from 

laws and principles to propositions in natural philosophy, without epistemic loss.  So, if 

one can establish certain natural philosophical laws or principles, it is possible to reason 

mathematically to certain propositions.  By reasoning in this way, Newton thought he 

could achieve a mathematical science.  The challenge, then, was to identify laws or first 

principles that meet this requirement of certainty. 

In Newton’s early optical work, he thought it was possible to establish a certain first 

principle via a single experiment.  Thus, in Newton’s first paper, his experimentum crucis 

gave him his first proposition about light – white light is composed of rays of every refrangibility – 

which he regarded as certain.  From this first principle, Newton deduced his proposition 

about coloured light – white light is composed of rays of every spectral colour – and, given the 

method of inference, he regarded this proposition as certain too. 

A major sticking point for Newton’s critics was the experimentum crucis.  Many could 

not replicate the experiment, and those who could, did not agree with Newton’s 

conclusion.  I have shown that when Hooke, for example, conducted the experimentum 

crucis, he did not see the same thing as Newton.  Newton wanted to establish physical 

properties with certainty, so he needed to focus on the properties he could observe with 

precision.  It would have been difficult to measure precisely changes in colour, but 

Newton was able to measure precisely the degrees of refraction by measuring the 

positions of the images on the wall.  Newton recorded observations that are measurable, 

quantitative and precise, for this data could be employed to achieve certainty.  And so 

Newton focused on refrangibility, not colour, in this experiment.  He was concerned with 

geometrical factors such as the length of the image, the position of the image on the wall, 

the distances from the aperture to the prism and from the prism to the wall, and the 

angles of incidence and refraction.  So, where Hooke saw coloured light, Newton saw 

geometrical lines and angles.  For Hooke, then, the conclusion Newton drew from the 

experiment was a sufficient explanation of the phenomenon, but he did not think it was 

the only possible explanation, or even the most plausible one.  In chapter 2, we saw that 
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whether the experimentum crucis is viewed in colour or as a collection of lines makes a great 

deal of difference to how one understands the epistemic status of the results. 

Now consider Newton’s theory-hypothesis distinction.  In chapter 2, we saw that the 

definitions of theory and hypothesis can be gleaned from the methodological statements 

made by Newton in response to various challenges (see table 5.1 below).  We noted that, 

by these definitions, all propositions are either hypotheses or theories – the definition of 

‘hypothesis’ is effectively the negation of ‘theory’. 

Theory Hypothesis 

A proposition is a ‘theory’ iff it meets the following 

conditions: 

T1. It is certainly true, because it is reliably 

inferred from experiment; 

T2. It is experimental – something that has 

empirically testable consequences; and 

T3. It is concerned with the observable, 

measurable properties of the thing, rather 

than its nature. 

A proposition is a ‘hypothesis’ iff it meets one 

or more of the following conditions: 

H1. It is, at best, only highly probable; or 

H2. It is a conjecture or speculation – 

something not based on empirical 

evidence; or 

H3. It is concerned with the nature of the 

thing, rather than its observable, 

measurable properties. 

 Definitions of ‘theory’ and ‘hypothesis’ c.1672 

We saw that the term ‘hypothesis’ was already being used in a derogatory fashion by the 

Baconian experimental philosophers.  They denigrated theory- or hypothesis-building 

prior to completing a natural history.  Newton took the term and used it to draw a 

distinction that was crucial to his methodology: the distinction between certainty and 

uncertainty. 

According to Newton’s early-methodology, the goal of natural philosophy is 

certainty, and this goal is achievable.  We have seen that, in Newton’s optical work, 

hypotheses can play supporting roles in his quest for propositions that are certainly true 

(i.e. theories).  Newton identified two methodological roles for hypotheses: 

1) To suggest experiments; and 

2) To illustrate the theory. 

So correct usage of a hypothesis involves using it for one of two specific purposes: either 

to suggest some experiments that will provide clearer insight into the phenomenon, or to 

illustrate the theory, thus making it less abstract and easier to understand. 
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An important feature of these supporting roles is that the epistemic status of the 

hypothesis is not at issue.  Hypotheses are not tested.  Nor are they assumed to be true.  

They have little value in their own right, and are to be employed only insofar as they can 

facilitate the development and justification of the theory.  Moreover, they are only to be 

introduced in such a way that they will not directly influence the epistemic status of a 

theory.  Hypotheses are to be treated as temporary scaffolding: they may be employed in 

the discovery or development of the theory, but are excluded from the demonstration or 

justification of that theory.  This means that hypotheses have a purely instrumental role 

in this methodology.  Therefore, an important feature of hypotheses is that their truth or 

falsity is irrelevant to their function. 

During the early optical debate, Newton introduced queries.  We have seen that 

queries already had a prominent role in the Baconian experimental philosophy.  So they 

were popular with the Royal Society, and featured prominently in the Philosophical 

Transactions.  Newton employed queries in a way that was related, but not identical, to the 

Baconian approach.  In Baconian experimental philosophy, queries served to direct the 

inquiry and define its scope.  To this end, they tended to be stated in advance, i.e. prior 

to experiment and theorising.  Newton employed queries at a later stage in the inquiry.  

He used them to tease out the empirical consequences of theories and hypotheses – to 

provide testable claims, or predictions.  Sometimes, he employed them to resolve 

debates.  In these cases, they effectively suggested crucial experiments. 

There is an important sense in which Newton’s early queries are hypotheses.  

Ostensibly, they are untested propositions, so they meet H1.  However, they perform a 

different role to hypotheses.  Queries raise questions regarding the observable, 

measurable properties of light, whereas the hypotheses tend to concern the nature of 

light.  Newton’s early-queries are not just hypotheses under a different name; they are 

empirical questions to be resolved by experiment.  The early queries thus perform two 

functions in Newton’s methodology.  Firstly, they provide a proper way to test and 

develop the theory, by identifying the empirical consequences of the theory.  Secondly, 

they frame a theoretical dispute in experimental terms in order to steer the debate 

towards an empirical solution.  In contrast to the hypotheses, the truth-values of queries 

are very important: the whole point of suggesting queries is then to carry out the 

experiments that will resolve them. 
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We have seen that, by the end of 1675, Newton had a fairly coherent methodology.  

He made use of three kinds of proposition: theories, hypotheses and queries.  The 

fundamental distinction between these propositions was epistemic, and turned on the 

level of certainty.  Hypotheses performed supporting roles for theories in which the truth 

of the hypothesis was irrelevant.  Queries performed a supporting role for theories in 

which the object was to resolve the query.  In this way, the epistemic triad drove 

Newton’s natural philosophical research in a trajectory from experiment to certainty, 

using mathematical reasoning.  I have argued that this is the earliest account of the 

epistemic triad. 

5.1.2 Hypotheses, experiments and queries in the Opticks 

In the Opticks, Newton put forward the same theory of light and colours.  So it provides 

a good basis for methodological comparison with Newton’s early optical work.  Here, I 

discuss three methodological aspects of the Opticks: the experiments; the theory-

hypothesis distinction; and the queries. 

Firstly, consider the relationship between experiment and theory.  In the Opticks 

book 1, propositions are supported by ‘proof by experiments’.  None of these 

experiments are labelled ‘experimentum crucis’, but they are supposed to provide strong or 

conclusive support for the propositions.  I have argued that the experimentum crucis and the 

‘proof by experiments’ are related via the Baconian notion of ‘Instances with special 

powers’.  They present the phenomenon in a way that is particularly clear or illuminating.  

In Baconian terms, they provide the ‘experimental facts’ which form the basis for 

theorising. 

Secondly, consider the theory-hypothesis distinction.  In the Opticks, Newton 

continued to draw a distinction between theories and hypotheses.  This was evident in 

his opening sentence, when he declared that his design is “not to explain the Properties 

of Light by Hypotheses, but to propose and prove them by Reason and Experiments” 

(Newton, 1952: 1).  I have argued that Newton’s early notion of hypothesis was operative 

in the Opticks by examining the hypothesis Newton introduced in book 2.  This 

hypothesis was introduced to make his ‘theory of fits’ easier to grasp.  In particular, he 

thought that some readers would be concerned about finding a physical mechanism for 

this notion.  So he provided a hypothesis that explained æthereal vibrations by way of an 

analogy with waves on a pond.  Newton was careful to maintain epistemic distance from 
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this explanation, by limiting the scope of the discussion and refusing to speculate on the 

truth or falsity of the hypothesis. 

I have argued that this usage of a hypothesis follows Newton’s early method of 

hypotheses.  Firstly, it meets all three conditions for calling something a ‘hypothesis’.  

Secondly, it plays one of the accepted roles: it illustrates the theory.  It is introduced for a 

specific purpose: to make the theory more plausible by suggesting a hypothetical 

mechanism based on an analogy with a known physical concept.  Thirdly, the truth-value 

of the hypothesis is irrelevant, since it has no impact on the epistemic status of the 

proposition it supported.  Newton explicitly and precisely defined the scope and purpose 

of the hypothesis.  This case shows us that Newton continued to conceive of 

‘illustration’, in a carefully controlled way, as an acceptable role for hypotheses.  

Therefore, hypotheses continue to have a specific supporting role in Newton’s 

methodology – one in which their truth or falsity is irrelevant. 

Thirdly, consider perhaps the most notable aspect of the Opticks: the set of queries 

that make up the bulk of book 3, and provide the conclusion.  In chapter 3, I argued 

against the prominent view that these queries are hypotheses-in-disguise.  I agreed that 

there is something to the claim that the queries are hypothetical.  If they are interpreted 

as propositions, that is, as statements that have a truth-value, then they meet the 

conditions for being hypotheses, rather than theories.  However, queries are only 

hypothetical in terms of content.  They do not perform the same functions as 

hypotheses.  Functionally, queries and hypotheses come apart by virtue of the fact that 

the purpose of suggesting a query is, ultimately, to establish its truth-value.  Over the 

course of his discussion, Newton did not claim that the queries are true, but he did 

provide a lot of evidence of their plausibility, and suggested ways of resolving them.  

This contrasts with Newton’s treatment of hypotheses, the truth-values of which are 

irrelevant to their function. 

The queries of the Opticks suggest a research program that develops Newton’s theory 

of light and colours.  Newton introduced them because he was unable to explain the 

phenomenon of diffraction (what he called ‘inflexion’).  To this end, they play a different, 

though related role, to that played by the early-queries.  The early-queries are 

straightforwardly phenomenal.  They suggested single experiments that are directly 

related to theory.  In contrast, the Opticks-queries are speculative.  They are not testable, 

and hence solvable, in any straightforward sense.  Rather, they suggest a very sketchy 
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research program that would need to be discussed and developed further.  Despite these 

differences, I have argued that we should view these queries as more similar to the early-

queries than the early-hypotheses, despite the fact that the content tells a different story. 

What we find in the Opticks, therefore, is a version of the epistemic triad.  Newton 

made use of three kinds of proposition: theories, hypotheses and queries.  The 

fundamental distinction between these propositions is epistemic, and turns on the level 

of certainty.  The hypothesis in the Opticks performs a supporting role in which its truth-

value is irrelevant – it ‘illustrates’ the theory.  The queries perform a supporting role in 

which the object, ultimately, is to resolve them.  These queries play a broader role than 

the early-queries.  In the Opticks, queries set out a future experimental research program, 

which promises to develop and extend the theory.  This involves the exploration of 

speculative hypotheses, but they should be seen as queries, first and foremost, not 

hypotheses. 

5.1.3 Axioms, scholia and hypotheses in the Principia 

The Principia concerns a different facet of Newton’s natural philosophy: his celestial 

mechanics.  In this section, I discuss how the hypotheses, scholia and axioms of the 

Principia can be characterised by the epistemic triad. 

Firstly, consider hypotheses.  According to the traditional account of Newton’s 

methodology, the changes to hypotheses in the second edition of the Principia represent a 

significant methodological shift.  In chapter 4 I argued against this view.  Later editions 

of the Principia employ hypotheses in a way that is consistent with Newton’s method of 

hypotheses, displayed in his early optical work and in the Opticks.  Considered in this way, 

the changes to the second edition do not look like a methodological shift.  Instead, the 

first edition of the Principia looks like an outlier.  I have argued, therefore, that the 

changes to hypotheses in the second edition should be regarded as corrective, rather than 

transformative – they make the methodology of the Principia more like the methodology of 

Newton’s optical work. 

Let’s consider these hypotheses in more detail.  In the first edition of the Principia 

(1687), book 3 opened with a list of nine hypotheses, which were employed as premises 

in Newton’s arguments throughout the book.  In the second edition (1713), however, he 

restructured book 3 so that most of the ‘hypotheses’ had been relabelled ‘rules’ or 

‘phenomena’, and the remaining hypotheses were relegated to less prominent parts of the 

book.  I have examined these hypotheses, rules and phenomena in light of Newton’s 
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method of hypotheses.  Firstly, we saw that all the first-edition hypotheses were 

relabelled without any change to their functions.  Despite the new labelling, they 

continued to provide the same kind of support to propositions.  Secondly, we saw that, 

of the hypotheses listed in the first edition of the Principia, the ones that remained 

‘hypotheses’ in the second edition are the only the ones that follow Newton’s method of 

hypotheses. 

We saw that, in the second edition, hypothesis 1 is a simplifying assumption that 

allows Newton to calculate the observable consequences of three competing models of 

the world.  While these consequences do not look like an experiment per se, they do 

provide a test of the theory.  This might be construed as a thought experiment.  

Moreover, hypothesis 1 is only temporarily assumed, and so its truth or falsity is irrelevant to 

the strength of the argument.  So hypothesis 1 conforms closely to Newton’s method of 

hypotheses.  The hypothesis in book 2 functions in a slightly different way to hypothesis 

1, and yet I have argued that it too follows Newton’s method of hypotheses.  That is, 

while the truth of this hypothesis is relevant to the strength of the argument, and the 

hypothesis cannot be assumed only temporarily, this hypothesis is weak.  So, if it turns out 

to be false, any possible replacement hypothesis will also support the general conclusion 

supported by this hypothesis.  These hypotheses fit the definition of ‘hypothesis’, 

provide the right kind of support for theories, and their truth-values are irrelevant to this 

support.  These points suggest that the changes to the labelling of hypotheses in later 

editions of the Principia are minor adjustments, which bring Newton’s Principia into line 

with his existing methodology. 

Secondly, consider the scholia.  There are no queries in the Principia, but I have 

argued that Newton’s scholia perform the same function in the Principia that the queries 

perform in the Opticks: they give directions for future research.  Scholia are informal 

discussions of formal concepts, and when describing their role, Newton used the 

language of ‘illustration’ – the same terminology he used in his optical work.  In the 

Principia, one of the functions of the scholia is to explore the application of mathematics 

to natural philosophy, and thus to provide further support to propositions and explore 

their implications.  A good example of this is in the General Scholium, which concludes 

the Principia.  The General Scholium gives directions for research into the nature and 

cause of gravity.  In this way, it looks a lot like the queries at the end of the Opticks. 
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Finally, consider the axioms.  In the Principia, Newton’s aim was certainty, and he 

claimed to have achieved it.  The mathematical model developed in books 1 and 2 is 

based on the axioms or laws of motion and is internally consistent.  Newton claimed that 

his laws were certainly true, but in support he cited the agreement of mathematicians and 

experimental support.  I have argued that the experimental support provided is not 

adequate to justify the application of the laws to Newton’s physical system.  In his early 

work, Newton adopted a mathematico-experimental approach to natural philosophy.  

One can employ deductive inference to reason from certain axioms or principles to 

propositions without epistemic loss.  The challenge, then, is to identify axioms that are 

certain.  In his early work, Newton provided the experimentum crucis to establish this 

certainty, but in the Principia, there are no such experiments.  I have sketched an account 

in which Newton’s axioms gain epistemic status by virtue of their relationship to the 

propositions they entail.  I argued that Newton was not justified in claiming conclusive 

experimental support for his laws of motion.  Nevertheless, the fact that he emphasised 

this kind of warrant for his laws suggests that he was working with this notion of 

certainty. 

So in the Principia we have seen another version of the epistemic triad.  Newton 

made use of three kinds of proposition: theories, hypotheses and scholia.  The 

fundamental distinction between these propositions is epistemic and turns on the level of 

certainty.  The hypotheses in (the second edition of) the Principia perform supporting 

roles in which their truth-values are irrelevant – they draw out the empirical 

consequences of the theory.  The scholia perform a supporting role in which they 

explore the philosophical implications of the theory and suggest directions for further 

research.  They are informal discussions of formal concepts, and as such are uncertain.  

But their object is to extend the theory, thus the ultimate aim is to resolve the research 

questions they raise.  This is similar to the role played by the queries in the Opticks.  Thus, 

hypotheses and scholia drive the Principia in a trajectory from experimentally established 

axioms to certain theories. 

5.1.4 Summary 

I have briefly summarised the accounts of Newton’s methodology, the details of which I 

developed in the preceding chapters.  On each of these accounts, a three-way epistemic 

distinction is operative.  We have noted that aspects of this triad vary on the different 

accounts.  For example, in the early optical work and the Opticks, this was a distinction 
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between theories, hypotheses and queries, but in the Principia, scholia played the role of 

queries. 

5.2 The Enduring Features of Newton’s Methodology 

In this section, I outline and defend the first of my three theses: the endurance thesis.  

Firstly, I argue that there are two very general features of Newton’s methodology that do 

not change: his epistemic goal, and his commitment to the experimental philosophy.  

Secondly, I argue that there are several more specific features that do not change.  I argue 

that these are characterised by the framework of the epistemic triad. 

5.2.1 Newton the experimental philosopher and his goal of certainty 

In this section I argue that there are two very general features of Newton’s methodology 

that do not change: his epistemic goal of certainty and his commitment to the 

experimental philosophy.  In supporting this position, I am arguing against Alan Shapiro, 

who has argued that neither of these is an enduring feature of Newton’s methodology. 

Firstly, as we have seen, Shapiro has argued that, late in life, Newton gave up his goal 

of certainty – adopting the position that highly probable theories are the best we can 

expect (e.g. Shapiro, 1989: 225, 1993: 14).  The source for this claim appears to be the 

passage on analysis and synthesis in query 31 of the Opticks.  I have argued that this 

passage does not commit Newton to probabilism.  Instead, it tells us that, in the event of 

an exception to a universal claim, we should de-generalise the claim, but not lower our 

credence.  We saw that the notion of certainty expressed in this passage is similar to 

those expressed in earlier passages written by Newton.  Thus, there is no evidence here 

of a late development in Newton’s attitude to certainty.212 

Secondly, Shapiro has argued that Newton’s adoption of the experimental 

philosophy occurred quite late – while preparing the second edition of the Principia.  

Shapiro’s claim rests on the fact that Newton used the term ‘experimental philosophy’ 

publically for the first time in the General Scholium (Shapiro, 2004: 186).  Moreover, 

                                                 

212 We have seen that, within six months of publishing his first paper in 1672, Newton was forced to 

express a slightly more moderate stance on certainty.  I argue that this more moderate stance, what I have 

called ‘compelled assent’, is the enduring notion of certainty.  I shall discuss this development in section 

5.3. 
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Shapiro argues, the methodology Newton described in this context is very different to 

the methodology he described in his early optical papers.  Shapiro writes: 

At this time [c.1672] for Newton confirmation is by mathematical demonstration and secondarily – 

only if you think it is worth the bother – by experiment.  He clearly believed that a mathematical 

deductive approach would lead to great certainty and that experiment could provide the requisite 

certain foundations for such a science, but until the eighteenth century he did not assign experiment 

a primary place in his methodology (Shapiro, 2004: 217). 

Related to this claim, Shapiro has argued that Newton’s style of experimental philosophy 

is not continuous with the methodology of his predecessors, the early members of the 

Royal Society (Shapiro, 2004: 185).  Against this view, I draw on my analysis of Newton’s 

methodology to make the following claims.  Firstly, I argue that experiment is a 

prominent theme in Newton’s earliest methodological statements.  Secondly, I argue that 

Newton’s methodology has features that suggest the influence of the early Royal Society.  

Thirdly, I argue that Newton’s work was recognised as following the methodology 

promoted by the Royal Society.  Let us briefly review the evidence for these claims. 

Firstly, we have seen that there is a strong experimental theme in Newton’s early 

optical papers.  The first half of Newton’s first paper is almost entirely experiment-based.  

Moreover, Newton explicitly recognised the experimental basis of his work.  For 

example, in his ‘queries’ paper, Newton explained to Oldenburg that “the proper Method 

for inquiring after the properties of things is to deduce them from Experiments” 

(Newton, 1959-1977: Vol. 1, 209).  Moreover, in his reply to Hooke, he explained that 

“the evidence by which I asserted the Propositions of colours is in the next words 

expressed to be from Experiments & so but Physicall” (Newton, 1959-1977: Vol. 1, 187).  

Experiment doesn’t seem secondary to me! 

Secondly, we have seen that Newton’s early methodology reflects the influence of 

the early Royal Society.  Newton was familiar with the work of the Royal Society by the 

time he wrote his first optical paper in 1672: his notebooks show that he took notes from 

many issues of the Philosophical Transactions and he took careful notes on Boyle’s work.  

Moreover, we have noted that many features of Newton’s methodology suggest the 

influence of the early Royal Society.  For example, he made use of queries, he was 

concerned with experiments, and he rejected speculation and speculative systems.  

Regarding the latter, Shapiro has noticed that Newton rejected speculative systems, but 

fails to recognise that Newton was not the first member of the Royal Society to take this 
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stance (Shapiro, 1993: 208).  In chapter 1 we saw that the early members of the Royal 

Society railed against speculation.  Newton’s stance on speculation and hypothesising, 

while extreme, was still within the spectrum of recognised experimental philosophical 

positions. 

Finally, it is well known that the early Royal Society promoted the Baconian method 

of natural history.  Following Dana Jalobeanu (Jalobeanu, 2014), I have argued that 

Newton’s optical work (both his first paper and the Opticks) displays many of the features 

of a Baconian natural history.  For example, the sequences of observations in the Opticks 

book 2 resemble Bacon’s notion of experientia literata.  Moreover, it seems to have been 

recognised and responded to in this way by members of the Royal Society.  Mary 

Domski (Domski, 2013) has argued that Newton’s mathematico-experimental 

methodology should be seen as part of the Baconian experimental tradition because it 

was regarded as such by (at least) some of the members of the Royal Society.  To support 

this point, she has argued that John Locke saw Newton’s mathematical inference as the 

speculative step in the Baconian program213 – even if this is not how Newton regarded 

his own methodology.  So there are some good reasons to see Newton’s experimental 

philosophy as continuous with the methodology of the Royal Society.214 

I have argued that the epistemic triad drives Newton’s natural philosophy in a 

trajectory from experiment to certainty.  We now have good reason to see Newton’s goal 

of certainty and his experimental focus as enduring features of his methodology. 

5.2.2 Theories, hypotheses and queries 

In this section, I argue that several specific features of Newton’s methodology remained 

constant.  These features form the basis of the epistemic triad. 

                                                 

213 That Locke considered Newton’s mathematism to be ‘speculative’, and yet recognised Newton as 

an experimental philosopher, tells us a lot about the nature of the ESD.  C.f. Cohen’s description of 

Benjamin Franklin’s work on electricity as a ‘speculative Newtonian experimental science’ (Cohen, 1956). 

214 Peter Anstey has suggested “that to be a true Baconian one must (at least) be an advocate of the 

Baconian method of natural history” (Anstey, 2012a).  Newton did not explicitly advocate the Baconian 

method of natural history, and later in life might have openly disdained it.  So, while perhaps he cannot be 

said to be a ‘true Baconian’, I do see him as heavily influenced by, and perhaps building on, the Baconian 

tradition. 
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Firstly, I have emphasised that the triad is a three-way epistemic division, rather than the 

juxtaposition of three terms of reference.  The terms ‘theory’, ‘hypothesis’ and ‘query’ are 

simply labels for these epistemic categories.  In the Opticks and the Principia, propositions 

were divided into ‘theorems’ and ‘problems’, however I have treated both of these as 

‘theories’.  In the Principia, the third category was called a ‘scholium’ rather than a ‘query’.  

I have argued that these perform the same function.  So while there is some slight 

variation in the labelling of the propositions, the three-way epistemic distinction endured. 

Secondly, this three-way distinction between theories, hypotheses and queries drives 

Newton’s scientific investigations towards certainty.  This involves negotiating a tension 

between experimental facts and certain theories.  We have seen that hypotheses and 

queries mediated this tension by performing supportive functions in the trajectory 

towards theories that are certainly true.  Let us consider these roles in more detail. 

There are two roles for hypotheses in Newton’s methodology: (1) to suggest 

experiments; and (2) to illustrate the theory.  By performing these roles, a hypothesis may 

provide support for the theory by generating new experimental evidence, or by increasing 

the plausibility of the theory.  However, a hypothesis cannot provide any independent 

support for one theory or explanation over another, nor may it be given any credence.  

I. Bernard Cohen has argued that “Newton’s phrase Hypotheses non fingo […] was never a 

guiding principle in his work” (Newton, 1952: xxiv).  On the contrary, my analysis has 

revealed that Newton’s method of hypotheses was one of the enduring features of his 

methodology.215 

In contrast to hypotheses, the specific roles performed by queries change over time.  

In Newton’s early work, queries perform two different functions.  Firstly, they frame a 

theoretical (or hypothetical) dispute in phenomenal terms in order to steer the debate 

towards an experimental solution.  Secondly, they provide a proper way to test and 

develop the theory, by identifying the empirical consequences of the theory.  In contrast 

to the hypotheses, the truth-values of queries are very important: the whole point of 

suggesting queries is then to carry out the experiments that will resolve them.  In the 

Opticks, the queries suggest a research program that develops Newton’s theory of light 

and colours.  Newton introduced them because he was unable to explain the 

                                                 

215 For an account of how the slogan, Hypotheses non fingo, applies to Newton’s corpuscular hypothesis, 

see (Walsh, 2012). 
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phenomenon of diffraction (what he called ‘inflexion’).  To this end, they play a different, 

though related role, to that played by the early-queries.  The early-queries are 

straightforwardly phenomenal.  They suggested single experiments that are directly 

related to theory.  In contrast, the Opticks-queries are speculative.  They are not testable, 

and hence solvable, in any straightforward sense.  Rather, they suggest a very sketchy 

research program that would need to be discussed and developed further.  Despite these 

differences, I have argued that we should view these queries as more similar to the early-

queries than the early-hypotheses, despite the fact that the content tells a different story. 

To summarise, Newton made use of three kinds of proposition: theories, hypotheses 

and queries.  We have seen that the fundamental distinction between these propositions 

was epistemic, and turned on the level of certainty.  Hypotheses performed supporting 

roles for theories in which the truth of the hypothesis was irrelevant.  Queries performed 

a supporting role for theories in which the object was to resolve the query.  We have 

seen that Newton’s method of hypotheses was more stable than his method of queries. 

5.3 Variation in Newton’s Methodology 

There are several significant differences between the Principia and the Opticks.  

Commentators have often pointed to the language and style of the works as evidence of 

deep-seated differences.  For example: 

In defining the nature of the influence of Newton’s science, therefore, we must take account of the 

existence of two rather different varieties of Newtonian natural philosophy.  They were, in a sense, 

as different as the manner of presentation was different in the Principia and the Opticks.  The 

Principia was written in austere and formal Latin, giving the appearance of a text on geometry, 

whereas the Opticks was written in a gentle manner in flowing English prose, a kind of record of 

experiments and conclusions in the form of an extended laboratory journal (Cohen & Smith, 2002: 

31). 

Moreover, in his highly influential paper, ‘Mathematical vs. Experimental Traditions in 

the Development of Physical Science’, Thomas Kuhn has presented the two works as 

arising from two distinct traditions.  Where the Principia lies within the tradition of the 

Classical sciences (i.e. the ‘mathematical sciences’: astronomy, statics, geometrical optics, 

mathematics and harmonics), the Opticks is from the tradition of the Baconian sciences 

(i.e. the ‘experimental sciences’, such as magnetism, electricity and heat) (Kuhn, 1976: 

18). 
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The main thrust of my thesis has been to argue that in fact there are a number of 

methodological similarities between the two works, such as the aim of certainty, and the 

particular, controlled use of hypotheses.  However, I now address the variation in 

Newton’s methodology. 

5.3.1 Contextual variation 

So far, my account of the variation in methodology between the Principia and the Opticks 

has been somewhat deflationary.  We cannot, however, avoid the significant fact that, 

where the Principia concludes by triumphantly announcing its achievements, the Opticks 

concludes with a series of increasingly speculative research questions.  This is surely not 

simply a difference in presentation.216  It looks like Newton’s work on diffraction in the 

Opticks simply wasn’t as successful as his work on gravitation in the Principia. 

Steffen Ducheyne has developed this notion, arguing that the optical phenomena 

dealt with in the Opticks simply do not lend themselves to the physico-mathematical 

methods employed in the Principia.  There was a limit to how far Newton’s method could 

take him.  He wanted to give a causal account of physical optics, but without more 

information about the nature of light, this could not be done.  Moreover, this 

information could not be acquired with the level of certainty Newton’s methodology 

demanded.  Ducheyne notes that the problem can be seen in the very axioms of the 

systems.  The axioms of the Opticks state mere phenomenal relationships in geometrical 

terms, whereas the axioms of the Principia carry information about proximate causes, that 

is, forces (Ducheyne, 2012: 219-222).  So, in the Principia Newton could infer causes from 

effects, that is, forces from motions.  But in the Opticks Newton was unable to provide 

explanations of this sort.  George Smith has made a similar suggestion to explain the 

differences between books 1 and 2 of the Principia.  As Smith puts it, “in a work 

legendary for its successes, Book II is best known for its failures” (Smith, 2001: 249).  He 

has argued that these failures do not stem from Newton failing to follow a consistent 

methodology.  Rather, they arise simply because “the empirical world did not cooperate” 

(Smith, 2001: 249). 

                                                 

216 I take it that some differences in presentation may be attributed to Newton’s conformity to the 

relevant philosophical traditions.  For example, I. Bernard Cohen has discussed the influence of Hugyens’ 

Traité de la lumière on the presentation style of Newton’s Opticks (Cohen, 2001). 
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In this section, I consider two differences between the Principia and the Opticks that 

might be seen as adaptations of the epistemic triad to accommodate the specific 

challenges presented by celestial mechanics and optics respectively.  Firstly, we have seen 

that, while Newton explicitly identified both works as ‘experimental philosophy’, the kind 

of empirical evidence supplied in the Opticks, in the form of observation and experiment, 

looks very different to the empirical evidence supplied in the Principia.  Secondly, while 

the Opticks concludes with a series of queries, which speculate on the nature of things 

and suggest directions for further research, the Principia concludes with a General 

Scholium, which provides a statement of his theoretical conclusions. 

Let’s start with the problem of empirical evidence.  Newton frequently described his 

Principia as a work of ‘experimental philosophy’, in which his theories are deduced from 

phenomena.  The ‘phenomena’ are the six phenomena listed at the start of book 3.  

These are propositions that describe patterns of motion, generalised from observations 

of the planets, earth and moon.  These do not seem to fit any standard definition of 

‘phenomenon’.  This suggests that Newton was using the label ‘phenomenon’ in an 

attempt to pass off a mathematical treatise as a work of experimental philosophy. 

I have argued that Newton implicitly distinguished between observations, 

phenomena and theorems in a way that maps onto Bogen and Woodward’s account 

(Bogen & Woodward, 1988).  Newton’s astronomical observations are the data from 

which the phenomena are drawn, and they reflect a greater number of causal influences 

than the phenomena.  The phenomena describe isolated patterns of planetary motion.  

They reflect a single, or small, manageable number of causal influences, and are the 

explananda.  Theorems explain the phenomena, but not the observations.  That is, they 

explain the motions of the planets in terms of universal gravitation, but, for example, do 

not explain the workings of telescopes. 

This analysis highlighted some similarities between the phenomena in the Principia 

and the experiments in the Opticks.  In the Opticks, Newton’s experiments are idealised, 

and describe perfectly isolated explanatory targets (such as collections of perfectly red 

light rays).  Here, Newton isolated his explanatory targets by making observations under 

controlled, experimental conditions.  For example, he isolated red light rays by projecting 

white light through a prism and then through a series of boards with apertures in them, 

to block out all except the red rays.  In the Principia, Newton isolated his explanatory 

targets mathematically: from astronomical data, he calculated the motions of bodies with 
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respect to a central focus.  In both cases, the mediation between observation and theory 

led to idealised descriptions of the target system.  Viewed in this way, the phenomena of 

the Principia and the experiments from the Opticks are different routes to the same end: 

specifying the explananda.  Phenomena and experiment seem to reflect Newton’s 

solutions to the empirical challenges he encountered in the Principia and the Opticks 

respectively. 

Now let’s consider the second difference between the Opticks and the Principia: their 

conclusions.  Every edition of the Opticks concluded with a set of queries.  There is a 

widespread view among commentators that these queries were hypotheses.  Their 

speculative content, combined with Newton’s explicit anti-hypothetical stance, has led 

scholars to conclude that those queries were hypotheses disguised as questions.  We have 

seen that, according to Newton’s methodology, there were only two good reasons to 

introduce a speculative claim: to provide some indirect support for the theory; or to give 

directions for further research.  When the aim is to introduce a conjecture to provide 

indirect support for a theory, then one must be careful to assert that conjecture in such a 

way that its truth or falsity is irrelevant.  In this case, one should use a hypothesis.  

Alternatively, when the aim is to give directions for further research, then those 

directions should be stated as questions, so that their truth or falsity is relevant but not 

assumed.  In that case, one should use a query. 

There are no queries in the Principia.  The first edition of the Principia concludes with 

a lengthy discussion of comets.  But in the second edition, a General Scholium was 

added.  The General Scholium opens by recapping Newton’s arguments against Cartesian 

vortices.  It then puts forward an argument from design, declaring that “[t]his most 

elegant system of the sun, planets, and comets could not have arisen without the design 

and dominion of an intelligent and powerful being” (Newton, 1999: 940).  In the 

penultimate paragraph, Newton enumerated the achievements of the Principia: describing 

the mathematical properties of gravity and his notion of universal gravitation.  Also, by 

way of explaining why he had not explained the nature of gravity, but only its observable 

properties, he gave an account of his methodology.  In the final paragraph, Newton 

speculated briefly on the nature of gravity. 

I have argued that we should read the final two paragraphs of the Principia as a 

discussion of the implications of his results and a suggestion of areas for further research.  

Newton was saying that there are two jobs ahead: 
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1. To give a causal explanation of gravity; and 

2. To apply the theory of gravity to other phenomena in order to solve other 

problems. 

Importantly, Newton thought that we can begin on (2) without waiting to complete (1).  

So Newton said it is enough to have established the laws and properties of gravity – this 

theory can be applied to other phenomena, and solves problems such as the motions of 

the comets.  Yet he was also willing to speculate about the nature of gravity, by 

considering ways in which the cause of gravity might be investigated.  Thus, Newton’s 

General Scholium explores the philosophical and experimental implications of his claims 

about gravity, and gives directions for future research.  In this way, it looks a lot like the 

queries at the end of the Opticks.  The differences between the two conclusions reflect 

the fact that Newton’s optical investigations were not as successful as his celestial 

mechanics.  In particular, where universal gravitation proved to be a powerful 

explanatory tool, Newton’s attempts to expand his theory of the composition of white 

light to explain diffraction phenomena raised more questions than answers. 

A related difference can be seen in the functions performed by hypotheses in the 

Principia and the Opticks.  We saw that in Newton’s early work he specified two roles for 

hypotheses: 

1. To suggest experiments; and 

2. To illustrate the theory. 

While the hypothesis in the Opticks performs (2), the hypotheses introduced in the 

Principia perform (1).  Recall that, in the Opticks, the hypothesis is introduced to make 

Newton’s theory of fits easier to understand, and hence, more plausible.  In the Principia, 

Newton’s notion of gravitational attraction was similarly problematic from a mechanical 

point of view, and yet Newton did not introduce a hypothesis to illustrate the notion.  

This might seem surprising, especially considering that Newton had given a great deal of 

thought to what such a hypothesis would look like.  (We see evidence of this in the final 

paragraph of the General Scholium and in numerous passages of the queries in the 

Opticks.)  But in the introduction to book 3 of the Principia, it becomes clear that Newton 

was not interested in making universal gravitation more comprehensible.  He wrote: 

I composed an earlier version of book 3 in popular form, so that it might be more widely read.  But 

those who have not sufficiently grasped the principles set down here will certainly not perceive the 

force of the conclusions, nor will they lay aside the preconceptions to which they have become 
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accustomed over many years; and therefore, to avoid lengthy disputations, I have translated the 

substance of the earlier version into propositions in a mathematical style, so that they may be read 

only by those who have first mastered the principles (Newton, 1999: 793). 

Here Newton suggested that universal gravitation can only be accepted by relinquishing 

prior assumptions about matter theory, and focussing on the force of the mathematical 

arguments.  Introducing a hypothesis would not have increased the epistemic status of 

the theory.  At best, it would have made the theory more plausible.  At worst, it would 

have provided another target for criticism – something Newton worked very hard to 

avoid! 

I have identified three methodological differences between the Opticks and the 

Principia: the kind of empirical evidence they employ; the conclusions they draw; and their 

use of ‘illustrative’ hypotheses.  I have argued that these differences should be seen as 

contextual differences: adaptations of the epistemic triad to the specific challenges 

presented by the topic of inquiry. 

5.3.2 Development in Newton’s methodology  

In this section, I sketch a number of features of Newton’s methodology that appear to 

have a developmental component.  Firstly, I consider developmental aspects of 

Newton’s use of hypotheses in the Principia.  Secondly, I consider Newton’s early 

moderation of his claims of certainty.  Finally, I discuss the way Newton presented his 

theories. 

Firstly, consider Newton’s hypotheses in the Principia.  In the second edition (1713) 

of the Principia, Newton restructured book 3 so that most of the ‘hypotheses’ had been 

relabelled ‘rules’ or ‘phenomena’, and the remaining hypotheses were relegated to less 

prominent parts of the book.  He also added the General Scholium in which he declared 

“I do not feign hypotheses” (Newton, 1999: 943).  Commentators have often taken these 

changes to represent a significant development in Newton’s attitude towards hypotheses.  

They take this development to have occurred c.1690, when Newton began preparing the 

second edition.  Against this view, I have argued that while the second edition gives a 

slightly different view of hypotheses than the first edition, the second edition conforms 

more closely to Newton’s early method of hypotheses.  Therefore, Newton’s general 

attitude to hypotheses is not developmental, but enduring. 

I now argue that this scenario represents a different kind of development in 

Newton’s methodology.  It is clear that Newton’s general attitude towards hypotheses 
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did not change.  But the changes to the second edition of the Principia suggest that he 

developed a more nuanced understanding of his method of hypotheses.  In the Principia, 

Newton’s inferences are much more complex than in his early optical work.  He 

distinguished between theorems and problems, and he employed several kinds of 

speculative proposition, such as the rules and phenomena, to clarify and justify his 

inferential steps.  Bringing the methodology of the Principia into line with his optical 

methodology was a significant feat.  One that required a fairly developed understanding 

of the method of hypotheses. 

Secondly, consider Newton’s claims to certainty.  In his first paper, Newton claimed 

that his theory of light was certainly true, and implied, though did not declare, 

‘mathematical certainty’ (which is close to infallibility or absolute certainty).  Such bold 

claims to certainty scandalised his opponents.  We saw in chapter 2 that Robert Hooke 

addressed the issue, forcing Newton to moderate his claims.  Thus, whereas in February 

1672 Newton appeared to claim mathematical certainty for his theory, by June 1672, 

Newton contrasted the kind of certainty he had achieved in his theory of colours with 

mathematical certainty.  I have argued that this kind of certainty can be characterised as 

‘compelled assent’: Newton thought the conclusion to which he was compelled by the 

evidence was undeniable.  No rational person, having carried out the experiment 

correctly, could deny the conclusion.  I have noted that, in the Opticks, Newton 

repeatedly asserted the truth of his propositions, but not the emphatic certainty that we 

saw in his first paper.  This suggests that Newton continued to be cautious in this 

respect.  I have already noted that there is no evidence of a late development in 

Newton’s attitude to certainty.217  So it looks as though the only shift in this respect 

occurred very early in Newton’s career, and it was subtle. 

Thirdly, consider how Newton presented his theories.  The structure of Newton’s 

first paper was fairly straightforward.  He started by describing the phenomenon (the 

elongated light image), swiftly ruled out various explanations for the phenomenon, 

briefly described the experimentum crucis (with no diagram), and stated his first principle.  

For those like Hooke, who were familiar enough with prism experiments, the argument 

seemed reasonable, if not sound.  But Newton encountered a lot of opposition to his 

                                                 

217 Although, the introduction of these passages might represent a development in Newton’s notion 

of induction. 
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principle, and many of his critics misinterpreted the experiment.  When he presented the 

same information again in the Opticks, Newton provided several experiments, not just the 

experimentum crucis.  These experiments were designed and described in such a way that 

they would lead the reader through the phenomena. 

I have argued that the illustrations and increasing complexity of these experiments 

suggest that they are about more than just proof or confirmation of the proposition.  

These experiments are supposed to be an exercise for the mind.  They are supposed to 

be replicated, or at least followed carefully.  On Bacon’s view, replication was not just an 

exercise for verifying evidence: it was a good way to ensure that one had truly grasped 

the phenomenon.  It seems reasonable to suppose that this was why Newton did not 

start with the most complicated experiments, but rather, the simple ones.  From his 

experiences in the early 1670s, Newton knew that there was a lot riding on the 

acceptance of the proposition.  So he led the reader step-by-step through the 

phenomenon, to ensure that they properly grasped it. 

5.4 Conclusion 

The central claim of this thesis is that Newton’s natural philosophical methodology is 

best characterised by an epistemic triad: a three-way epistemic division between theories, 

hypotheses and queries.  I have examined these methodological features, from his early 

optical work in the 1670s, through to the third editions of the Opticks in 1721 and the 

Principia in 1726.  I have argued that Newton’s methodology over time and across 

contexts is more consistent that has often been thought. 

I have defended three theses in relation to Newton’s epistemic triad: 

Endurance thesis.  There are some general features of Newton’s methodology that do not 

change.  These are characterised by the framework of the epistemic triad. 

Developmental thesis.  There are some particular features of Newton’s methodology that 

change over time.  These can be characterised as a development of the epistemic 

triad. 

Contextual thesis.  There are some particular features of Newton’s methodology that vary 

with respect to context.  These can be characterised as an adaptation of the 

epistemic triad to particular contexts. 

The enduring features of Newton’s methodology are characterised by the following four 

claims: 
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E1. The epistemic triad drives Newton’s natural philosophical research in a trajectory 

from experiment to certainty, using mathematical reasoning. 

E2. The fundamental distinction between the three key methodological terms – theory, 

hypothesis, and query – is epistemic, and turns on the level of certainty. 

E3. Hypotheses play a supporting role to theories in which the truth of the hypothesis 

is irrelevant. 

E4. Queries play a supporting role to theories in which the object is to resolve the 

query. 

On a final note, my analysis of Newton’s methodology should be understood in light 

of what I have termed, Newton’s ‘rhetorical style’.  Newton took already-familiar terms 

and stretched them to fit his natural philosophical needs.  It is well known that Newton 

did this with many of his innovative philosophical ideas, such as force and mass.  I have 

argued that this is also a feature of many of Newton’s methodological concepts: he 

‘borrowed’ familiar terms and ‘massaged’ them to fit his own needs.  He took familiar 

terms, such as ‘hypothesis’, ‘query’ and ‘phenomenon’, and used them in almost-familiar 

ways.  He bent them to his needs, and subtly changed their meanings.  Because Newton 

bends both terms and concepts to fit his needs, it is a mistake to focus too closely on 

definitions.  I have argued that we should instead understand Newton’s methodology in 

terms of the roles which concepts play.  It seems therefore, that, when discussing 

Newton’s methodology, we should emphasize divisions and functions over definitions 

and the content of propositions.
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