“For in him we live, and move, and have our being” Acts 17:28

Newton’s Philosophy of Time[footnoteRef:1] [1:  For very useful comments on the whole essay I thank Katherine Brading, Steffen Ducheyne Geoffrey Gorham, Andrew Janiak, Lex Newman, Chris Smeenk, and Niccolo Guicciardini. They would be right to claim that the mistakes left are all mine alone!] 


In this paper I explain what Newton means with the phrase “absolute, true, and mathematical time” (Principia, Scholium to the definitions) in order to discuss some of the philosophic issues that it gives rise to. I do so by contextualizing Newton’s thought in light of a number of scientific, technological, and metaphysical issues that arose in seventeenth century natural philosophy. In the first section, I discuss some of the relevant context from the history of Galilean mathematical, natural philosophy, especially in the work of Huygens. I briefly discuss how time-measurement was mathematized by way of the pendulum and explain the significance of the equation of time. In the second section, I offer a close reading of what Newton says about time in the Scholium to the Definitions. In particular, I argue that Newton allows us to conceptually distinguish between “true” and “absolute” time. I argue that from the vantage point of Newton’s dynamics, Newton needs absolute, mathematical time in order to identify and assign accelerations to moving bodies in a consistent fashion within the solar system, but that what he calls “true” time is an unnecessary addition. In the third section, in the context of a brief account of Descartes’ views time, I discuss the material that Newton added to the second (1713) edition of the Principia in the General Scholium and I draw on some -- but by no means all the available -- manuscript evidence to illuminate it. These show that Newton’s claims about the identity of “absolute” and “true” time have theological origins. 


1. The inheritance of Galileo: Huygens[footnoteRef:2] [2:  This section is meant to offer uncontroversial summary. It is indebted to discussion with Geoff Gorham, who recommended Piero Ariotti (1968) “Galileo on the Isochrony of the Pendulum,”  Isis 59(4): 414-426, and Maarten Van Dyck, who recommended, Silvio A. Bedini, The Pulse of Time: Galileo Galilei, the Determination of Longitude, and the Pendulum Clock (Florence: Olschki, 1991). See also the Galileo Project’s http://galileo.rice.edu/sci/instruments/pendulum.html.] 


Galileo bequeathed his successors two technical questions that when properly answered would provide a breakthrough in physical time-keeping: first, does an (ideal) pendulum really describe an isochronous curve, that is, is the period of a pendulum independent of its amplitude? An isochronous curve is one where from all possible starting points an object falls (along the curve) to the bottom of the curve in the same amount of time. Given that the physical (as opposed to, say, the mathematical) version of this question presupposes uniform gravity, in practice the issue is intermingled with gravity research. After considerable experimental work, it seems Galileo decided that an ordinary pendulum did do so. 

Second, while a clock can be calibrated for local time at noon by the passage of the Sun through the meridian, can one also create a reliable, univocal measure of time available anywhere on Earth (such that one can compare events viewed far apart—a crucial issue for astronomy)? Soon after Galileo’s telescope-aided discovery (1610) of the so-called four ‘Medicean planets’ or satellites of Jupiter, he realized that reliable tables of their eclipses would create a frequent, repeatable event visible in numerous places at the same time (on cloudless nights). Throughout his life Galileo worked on improving such tables and he tried to interest various governments to sponsor this research as a means to the solution to the problem of finding longitude at sea—a crucial problem in navigation.

On the first problem, Christiaan Huygens subsequently discovered that the cycloid is isochronous (as Newton credits in Principia, Book 1, Section 10, proposition 52, corollary 2). (In fact, Galileo had initiated the mathematical study of this curve, which had usages outside of pendulums. For example, Newton relies on the cycloid to construct an approximate means of finding a body that is moving on a Keplerian ellipse in Book I, Proposition 31, Problem 23). One nice feature is that in many resisting mediums effects of the air on the movement of the bob do not undermine the isochronicity of the pendulum (something Newton demonstrated and exploited experimentally in Principia, Book 2, Section 6). 

Huygens also discovered that a pendulum swinging in between two equal evolutes of a cycloid might constrain the pendulum such that it would follow a cycloid.[footnoteRef:3] Throughout the remainder of his life Huygens tried to design and build pendulum clocks based on his mathematical insights that would keep time reliably on land and on sea.[footnoteRef:4] Leaving aside the complex engineering difficulties to keep a clock properly calibrated on a damp and rolling/rocking ocean-faring ship, it is not even an easy task on land due to friction when the cord of the pendulum hits its cycloidal walls. Through trial and error, Huygens realized that when one keeps the arc of the swing of a long pendulum relatively small it approximates isochronousness (as Galileo had thought).[footnoteRef:5]   [3:  The classic study of these matters is Joella Yoder (1988) Unrolling Time: Christiaan Huygens and the Mathematization of Nature, Cambridge: Cambridge University Press.]  [4:  See, for example, Huygens’ (1669) “Instructions Concerning the Use of Pendulum-Watches for finding the Longitude at Sea,” Philosophical Transactions of the Royal Society, 4 - 47, 937, which includes his equation of time (discussed below in the text); it is reprinted here: http://adcs.home.xs4all.nl/Huygens/06/kort-E.html. ]  [5:  See Eric Schliesser & George E. Smith (forthcoming) “Huygens's 1688 Report to the Directors of the Dutch East India Company  on the Measurement of Longitude at Sea and  the Evidence it Offered Against Universal Gravity” Archive for the History of Exact Sciences. ] 


From the middle of the seventeenth century onward mechanical, relatively reliable pendulum clocks appear throughout Europe. This makes possible an important systematic correction to (local) time-keeping. For, since ancient times it is known that the solar day (as measured by the passage of the sun through a local meridian at ‘noon’) is irregular. As Newton writes in the scholium to the definitions of the Principia, “For Natural days, which are commonly considered equal for the purpose of measuring time, are actually unequal.” (Newton 1999: 410) Huygens created a table of daily corrections – known as the “equation of time” – that in effect smooth out the irregularities in any given day.[footnoteRef:6] The equation creates a mean day that can be used to calibrate and set local clocks and (when widely adopted) ensures that astronomers are using the same temporal framework with which to interpret astronomical data.  [6:  A nice video explanation can be found here: <http://wn.com/Equation_of_Time>] 


As an aside, in the wake of Galileo’s and his students work on reliable tables of the eclipses of Jupiter’s satellites, the foremost astronomer of the seventeenth century, Cassini, was able to calculate extremely accurate ephemerides. Together with Huygens, Cassini was brought to Paris to head the Royal Academy of Science. His ephemerides were used to calculate the longitude of different places on Earth in a systematic fashion. One such effort was undertaken by Cassini, who remained in Paris, and his French colleague, Picard, and his Danish host, Ole Rømer, at Tycho Brahe’s old observatory in Uraniborg (outside of Copenhagen). There they noticed that there was a systematic discrepancy in the expected values and recorded values of the observed eclipses. This led to the discovery that light had a finite speed, which Huygens calculated.[footnoteRef:7] [7:  See recent treatment Kristensen, L. K. and Pedersen, K. M. (2012), “Roemer, Jupiter's Satellites and the Velocity of Light,” Centaurus, 54: 4–38. doi: 10.1111/j.1600-0498.2011.00251.x; for useful context see, Dijksterhuis, F. J. (2012), “Conjunctions in Paris: Interactions between Rømer and Huygens,” Centaurus, 54: 58–76. doi: 10.1111/j.1600-0498.2011.00247.x. I thank Steffen Ducheyne for calling my attention to these pieces.] 





 
2. Time in Newton’s Dynamics[footnoteRef:8] [8:  The arguments of this section are very controversial. My discussion here is very indebted to generous, private correspondence with Niccolo Guicciardini, Nick Huggett (who, together with Dan Kervick, commented on a blog post about these matters), as well as my joint work with Chris Smeenk (forthcoming) “Newton’s Principia” Oxford Handbook of the History of Physics, edited by J. Buchwald and R. Fox, Oxford: Oxford University Press.] 


The main aim of the Principia is according to Newton, “to determine true motions from their causes, effects, and apparent differences, and, conversely, of how to determine from motions, whether true or apparent, true causes and effects. For to this was the purpose for which I composed the following treatise,” (Scholium to the Definitions; Newton 1999: 413-14; see also Newton’s “Preface to the Reader” of the first edition of the Principia). In particular, Newton infers forces, which he treats as such “true causes and effects,” from the measurement(s) of accelerations. This (theory-mediated) measurement(s) as well as the laws of motion on which it is predicated presupposes a conception of time. 

Newton’s most extensive explicit treatment of his conception of time in the Principia occurs in the Scholium to the definitions. He introduces the topic as follows, “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) So, time in Newton’s physics is a quantity.[footnoteRef:9] In order to elucidate its nature Newton introduces a three-fold distinction. The popular conception – relative, apparent, and common time -- that Newton wishes to dispel is presumably the Aristotelian “notion of time depending on the motions or existence of the material world,” (Samuel Clarke to an unknown correspondent, 1998: 114. Clarke goes on to cite Newton’s scholium to the definitions approvingly.) While much of the scholium (and subsequent scholarly discussion) is devoted to space, place, and motion, Newton begins with time: [9:  Newton is targeting Descartes’ influential account of time as a “mode of thought” as measured by the motion of the Sun at The Principles of Philosophy 1.57. I return to the relationship between Descartes’ and Newton’s conceptions of time in the final section of this paper.] 


Absolute, true, and mathematical time, in and of itself and of its own nature, without reference to anything external, flows uniformly and by another name is called duration. Relative, apparent, and common time is any sensible and external measure (exact or nonuniform) of duration by means of motion; such a measure—for example, an hour, a day, a month, a year—commonly used instead of true time.” (Newton 1999: 408)

As Richard Arthur has shown, Newton’s conception of uniform flowing time is deeply indebted to Christian Epicureans such as Gassendi and Charleton perhaps mediated by his (more nominalistically inclined) teacher, Barrow.[footnoteRef:10] More recently Steffen Ducheyne has explored the significance of Van Helmont.[footnoteRef:11] These studies suggest that Newton’s views were developed out of existing discussions. It remains, however, not immediately obvious what Newton means by “Absolute, true, and mathematical” time.[footnoteRef:12] This only gets elucidated (after Newton has offered more informative definitions of space, place, and motion) a few paragraphs down in the Scholium: [10:  See Richard T.W Arthur (1995) “Newton's fluxions and equably flowing time,” Studies In History and Philosophy of Science Part A, 26(2): 323-351. However, while Arthur’s treatment is very penetrating he fails to note that the fluxion of the temporal variable need not always be constant (see, for example, the very important proposition of Principia, Book 2, proposition 10, discussed in N. Guicciardini (1999) Reading the Principia: the debate on Newton's mathematical methods for natural philosophy from 1687 to 1736, Cambridge: Cambridge University Press, p. 42 and  pp. 245-6), so his claims that fluxional and absolute time are identical cannot be accepted. I thank Guicciardini for discussion.]  [11:  Ducheyne, Steffen (2008) “J. B. Van Helmont’s De Tempore as an Influence on Isaac Newton’s Doctrine of Absolute Time on Van Helmont”, Archiv für Geschichte der Philosophie. 90(2): 216–228,]  [12:  Any modern discussion of Newtonian space-time is deeply indebted to H. Stein (1967) “Newtonian Space-Time,” The Texas Quarterly 10:174-200; also in The Annus Mirabilis of Sir Isaac Newton, ed. Robert Palter (Cambridge, Mass.: MIT Press, 1970). However, what follows has been inspired, in part, by a more recent paper, N. Huggett (2012) “What did Newton mean by Absolute Motion?” Interpreting Newton, edited by A. Janiak & E. Schliesser, Cambridge: Cambridge University Press, which has shown the fruitfulness to attending to the distinction between absolute and true motions in the scholium. ] 


In Astronomy, absolute time is distinguished from relative time by the equation of common time. For natural days, which are commonly considered equal for the purpose of measuring time, are actually unequal. Astronomers correct this inequality in order to measure celestial motions on the basis of a truer time. It is possible that there is no uniform motion by which time may have an exact measure. All motions can be accelerated and retarded, but the flow of absolute time cannot be changed. The duration or perseverance of the existence of things is the same, whether their motions are rapid or slow or null; accordingly, duration is rightly distinguished from its sensible measures and is gathered from them by means of an astronomical equation. Moreover, the need for using this equation in determining when phenomena occur is proved by experience with a pendulum clock and also by eclipses of the satellites of Jupiter. (Newton 1999: 410)

In what follows I assume that according to Newton “true” time and “absolute” time are not necessarily identical concepts, although they can, in fact, coincide. Here I treat them as two ways of conceiving time that can be combined into a single conception, but need not be so combined. In what follows I treat “true” and “absolute” as instances of “mathematical” time.

As a first approximation, we can say that “absolute” time is approximated by our clocks (or some other measure of relative time) corrected by the astronomical equation of time (as Newton was familiar with from the work of Huygens and later Flamsteed). As we have seen above, the equation of time is derived from and simultaneously corrects ordinary (“for example, an hour, a day, a month, a year”) sensible measures. The equation of time corrects the solar time allowing thus a measure of true time, but is explicitly not identical to it. So, while the equation of time is absolute and mathematical, it is not itself true time. Moreover, even time corrected by the equation of time is not (absolutely) “absolute.” For, while the equation of time is a theoretical construct, the corrected time still relies on sensible or mechanical measures, and these always leave room for improvement (except, of course, for the “perfect mechanic of all,” Newton 1999: 382). So, there is a sense in which even absolute time is itself a useful, regulative ideal.[footnoteRef:13] No doubt this is all very confusing.  [13:  I thank Niccolo Guicciardini, Dan Kervick and Nick Huggett for discussion on this point. ] 


Newton has the following idea in mind. It is by now a familiar fact from scholarship on Newton that he recognized something akin to an inertial frame of reference (see, especially, his treatment of a system of bodies sharing a common acceleration in corollary 5 and, especially, 6 to the Laws of Motion; Newton 1999: 423). But it is has been less remarked upon that Newton treats the equation of time as something akin to a shared ‘temporal frame.’ By this I do not mean that Newton thinks an ‘inertial frame’ is independent of such a ‘temporal frame.’ This ‘temporal frame’ has to be used as part of determining the ‘inertial frame.’  In the context of this chapter, we can, however, treat the characteristics of Newton’s conception of this ‘temporal frame’ in isolation. 

In particular, the equation of time governs the temporal frame of the solar system. As he writes in the original, suppressed version of the final part of the Principia, The System of the World: demonstrated in an easy and popular manner: “That the Planets, in respect of the fixed Stars, are revolved by equable motions about their proper aces. And that (perhaps) those motions are the most fit for the equation of time.” (Newton 1740: 58) Once the solar day is corrected by the (mathematical) equation of time, one obtains a shared temporal frame suitable for one’s physics—this is what approximates absolute time. It’s only a mathematical equation that governs temporal relations among the whole system of fixed stars (including the solar system) that would closely approximate true time. 

So, absolute (mathematical) time governs the shared temporal frame in the solar system (and nearby objects such as comets, etc.); it is what's presupposed in one's physics. But absolute time does not presuppose that a moment of time is spread beyond the local 'frame'. We can treat it is as a regulative ideal within one's physics because it pushes one to improve one's clocks, time-keeping, and the equation of time of time itself. By contrast, true time is a counterfactual (to humans) equation of time that obtains for the infinite universe. It requires the idea that a moment of time is identical at any spatial location. Now, absolute (mathematical) time maps onto true (mathematical) time if one assumes that a moment of time spreads to every place in the whole universe. But there is little empirical pressure to do so. 

To put this point slightly differently:[footnoteRef:14] from the vantage point of Newton’s dynamics, Newton needs absolute, mathematical time in order to identify and assign accelerations to moving bodies in a consistent fashion. But at the same time Newton relies on inertial motion, that is, motion in the absence of force to measure absolute time. The best examples of these are the rectilinear motions of a body in empty space, which can "regulate” a good clock (which approximates the flow of absolute time).[footnoteRef:15] Newton uses this clock in order to measure true accelerations. And when the acceleration is measured as zero, then the clock allows one to "deduce" that the motion is inertial. That is, “absolute time” can be identified with our closest thing to our inertial clock.[footnoteRef:16] One might think there is a contradiction here. But if one treats absolute time as akin to a regulative ideal, one can see Newton’s strategy as a very useful approximation in the spirit of Newton’s Preface to the Reader, “the principles set down here will shed some light on their this mode of philosophizing or some truer one,” (Newton 1999: 383). [14:  This paragraph quotes with minor changes from an email by Niccolo Guicciardini.]  [15:  In Law 1, Newton also mentions “spinning hoops” and the circular motions of “larger bodies—planets and comets;” as Guicciardini has reminded, the Sun, the Earth, and Jupiter’s satellites are such spinning hoops, and the principle bodies used by astronomers to regulated time until fairly recent technological innovations.]  [16:  And this is why “the flow of absolute time cannot be changed.”] 


True time is an unnecessary addition to Newton’s conceptual framework of absolute and mathematical time given the particular problems addressed in the Principia. One way to put this point is that in the first edition of the Principia (that is, without the addition of the General Scholium), true time could have been understood not as an ontological posit, but as a regulative principle that itself can be successively approximated by astronomical equations (that is, absolute and mathematical time).[footnoteRef:17] This makes sense of Newton's use of the measure being both revisable and "truer." [17:  Elsewhere, I have argued that philosophic framing of the Principia changes dramatically between the first and second editions, see Eric Schliesser “On Reading Newton as An Epicurean: Kant, Spinozism and the Changes to the Principia” Studies in the History and Philosophy of Science: Series A (forthcoming);] 


But even in the scholium to the definitions, Newton provides enough of a hint to suggest that he had other, theological uses for “true time” in sight: “if the meanings of words are to be defined by usage, then it is these sensible measures which should properly be understood by the terms, ‘time’, ‘space’, ‘place,’ and motion’, and the manner of expression will be out of the ordinary and purely mathematical if the quantities being measured are understood here. Accordingly those who there interpret these words as referring to the quantities being measured do violence to the Scriptures. And they no less corrupt mathematics and philosophy who confuse true quantities with their relations and common measures.” (Newton 1999: 413-414) Newton is responding to unnamed authors that argue from the truth of the Copernican hypothesis to the falsity of scripture.[footnoteRef:18] This is not the place to explore the full details of Newton’s argument,[footnoteRef:19] but the passage is a forceful reminder that time, space, place, and motion also have metaphysical and apologetic roles to play in Newton’s theology. I turn to a discussion of some of these now. [18:  Cf. Spinoza’s treatment in the Theological Political Treatise 6.55; III/92. I have explored Newton’s and the Newtonian responses to Spinoza in Eric Schliesser (2012) “The Newtonian Refutation of Spinoza,” Interpreting Newton, ed. By A. Janiak & E. Schliesser, Cambridge: Cambridge University of Press; “On Reading Newton as An Epicurean;” and, especially, Eric Schliesser (forthcoming) “Spinoza and the Newtonians on Motion and Matter (and God, of course)” The Southern Journal of Philosophy, September 2012.]  [19:  See A. Janiak (forthcoming) “Newton and Descartes: theology and natural philosophy,” The Southern Journal of Philosophy, September 2012] 



3. Time in Newton’s Metaphysics[footnoteRef:20] [20:  This section has benefited from discussion with Emily Thomas. For historical background (with special attention to the antecedents within Gassendi and Barrow) to Newton’s views, see Geoffrey Gorham (2012) ‘The Twin-Brother of Space’: Spatial Analogy in the Emergence of Absolute Time, Intellectual History Review 22:(1), 23-39. See also S. Ducheyne (2012) The Main Business of Natural Philosophy: Isaac Newton's Natural-Philosophical Methodology  Dordrecht: Spring, chapter 6. The most thorough treatment of Newton’s conception of time is also by Geoffrey Gorham (2011) “Newton on God’s Relation to Space and Time: The Cartesian Framework,”Archiv f. Gesch. d. Philosophie 93(3): 281–320. The position that I sketch in this section was developed in parallel with Gorham and published in Eric Schliesser (2012) “Newtonian Emanation, Spinozism, Measurement and the Baconian Origins of the Laws of Nature,” Foundations of Science. DOI: 10.1007/s10699-011-9279-y. Gorham and I differ a bit on the proper historical conceptual framework for understanding Newtonian emanation (he emphasizes Descartes, while I focus on Bacon), but we agree that time is something like an attribute of God. Moreover, we understand Newton’s God as a kind of causa-sui or formal cause of time.] 


In the previous section I argued that Newtonian absolute time should not be conflated with Newtonian true time. Moreover, I argued that Newton introduces more conceptual distinctions than required by his physical theory; his dynamics requires no more than absolute (mathematical) time as a contrast to “relative, apparent, and common time” without resort to “true” time. While, as we have seen, Newton offers considerable argument for the existence of, say, absolute space, he offers, as others have noted,[footnoteRef:21] no argument for the existence of true time (or “duration”), which, “in and of itself and of its own nature, without reference to anything external, flows uniformly.”[footnoteRef:22] By contrast to Descartes’ position, in which time is a mode of thought, true time is treated here as an entirely free-standing entity with a nature.[footnoteRef:23] Given that much of Newton’s scholium to definitions can be properly understood as an attack on Descartes’ Principia,[footnoteRef:24] I digress, briefly, to discuss Descartes’ position.[footnoteRef:25] In Principia 1.57 Descartes, writes: [21:  See Gorham (ibid) also for earlier sources.]  [22:  In private correspondence, Niccolo Guicciardini, suggests that when it comes to the time reference system, geocentrists and heliocentrists agreed: they can use the very same “equations of time,” so there was little reason for a thorough defense.]  [23:  Readers may well have thought that Newton treats time here as akin to a substance. I return to this below.]  [24:  See Stein 1967, and Rynasiewicz, Robert, "Newton's Views on Space, Time, and Motion", The Stanford Encyclopedia of Philosophy (Fall 2011 Edition), Edward N. Zalta (ed.), URL = <http://plato.stanford.edu/archives/fall2011/entries/newton-stm/>. ]  [25:  My treatment is indebted to discussion and correspondence with Abe Stone, Jeff McDonough, Alan Nelson, and Noa Shein. ] 


Now some attributes or modes are in the very things of which they are said to be attributes or modes, while others are only in our thought (in nostra tantum cogitatione). For example, when time (tempus) is distinguished from duration taken in the general sense (duratione generaliter) and called the number of movement (numerum motus), it is simply a mode of thought (modus cogitandi). For the duration which we find to be involved in movement is certainly no different from the duration involved in things which do not move. This is clear from the fact that if there are two bodies moving for one hour, one slowly and the other quickly, we do not reckon the time to be greater in the latter case than in the former, even though the amount of movement may be much greater. But in order to measure the duration of all things (omnium durationem), we compare their duration with the greatest and most regular motions, which give rise to years and days, and call this duration ‘time’ (hancque durationem tempus vocamus). Yet nothing is thereby added to duration, taken in its general sense, except a mode of thought.[footnoteRef:26] [26:  I quote from the translation offered in Geoffrey Gorham (2007) “Descartes on Time and Duration,” Early Science and Medicine, 12:28-54. My treatment here of Descartes is indebted to Gorham.] 


To modern readers it is tempting read Descartes as a subjective, idealistic, or even conventionialist (these are not the same, of course) position about time. But given that thought is a (created) substance ontologically on par with extension for Descartes this inference is not automatically warranted. In Descartes, it does not follow from being a mode of thought that it is thereby merely subjective (or ideal). It is striking that even Descartes’ measure, “the greatest and most regular motions,” (that is, planetary orbits), is neither arbitrary or conventional nor subjective. This is simply the most suitable measure for Descartes’ physics. For the most “regular” motions provide stability to the measure, while the greatest motions are the easiest to use as a measure. So the motion that combines both is simply the best measure on Descartes’ account.[footnoteRef:27] [27:  Here I differ from Gorham (2007), who treats the same passage about the measure of time as evidence that the measure is a convention.] 


This reading of the nature of Descartes’ measure is compatible with the further fact that the measure is the product of the mental operation (and, hence, a mode of thought), abstraction, which traditionally (in Scholasticism and Platonism) is used to isolate a particular feature of nature and make it amenable to analysis.[footnoteRef:28] Newton also uses this notion of “abstraction” in the scholium to the definitions in the Principia (“instead of absolute places and motions we use relatives ones…in [natural] philosophy abstraction from the senses is required” (Newton 1999: 410; see also De Gravitatione et Aequipondio Fluidorum, a manuscript unpublished in Newton’s time (generally known as “DeGrav,”) “we have an exceptionally clear idea of extension by abstracting the dispositions and properties of a body” Newton 2004: 22).[footnoteRef:29]  [28:  See Gorham (2007).]  [29:  Mary Domski has explored the nature and significance of abstraction in Newton, in her “Newton and Proclus: Geometry, Imagination, and Knowing Space.” Forthcoming in The Southern Journal of Philosophy, September 2012 and also in “Kant and Newton on the A Priori Necessity of Geometry.” Forthcoming in Studies in History and Philosophy of Science.] 


In Descartes time understood as a measure is contrasted with duration in its most general sense; the latter is not treated as a mode of thought. It is not entirely clear what the status of duration is in Descartes. A plausible line of interpretation suggested by Descartes’ Principia 1.48 is that generic duration is a category of existence of any type of entity.[footnoteRef:30] Be that as it may, Gorham has shown nicely that according to Descartes duration always involves constant succession.[footnoteRef:31] As we will see these features have some affinity with Newton’s views. [30:  I am indebted to Emily Thomas and Abe Stone fort his suggestion. I have benefitted from discussion with Alan Nelson, Lex Newman, Noa Shein, and Jeff McDonough on these matters. ]  [31:  Gorham (2007): 46.] 


So, let’s now return to Newton.[footnoteRef:32] True time has similar characteristics as absolute space (“of its own nature without reference to anything external, always remains homogeneous and immovable”) so it is very tempting to think that the arguments for the existence of absolute space simply carry over by analogy to arguments for the uniform flowing true time. This analogy was fairly standard during the seventeenth century.[footnoteRef:33] As an aside, Newton does not always assert an analogy between space and time.[footnoteRef:34] In the context of Newton’s famous treatment of space and God’s sensorium and the infamous missing tanquam passage of Query 31 of the Opticks,[footnoteRef:35] Newton only discusses space and makes no mention of time at all.  [32:  Newton’s most devastating criticism of Descartes’s conceptual apparatus does not center on time; rather according to Newton “Cartesian motion is not motion, for it is has no velocity, no determination, and there is no space or distance traversed by it.” (Newton 2004: 20)]  [33:  Gorham (2011).]  [34:  This had already been noted by Steffen Ducheyne (2001) “Isaac Newton on Space and Time: Metaphysician or Not,” Philosophica 67(1) 87-88”.]  [35:  Alexandre Koyré and I. Bernard Cohen (1961) “The Case of the Missing Tanquam: Leibniz, Newton & Clarke,”
Isis 52(4): 555-566] 


One may think that Newton encourages the thought that there is parity between time and space: “just as the order of parts of time is unchangeable, so, too, is the order of the parts of space…for times and spaces are, as it were, the places of themselves of themselves.” (Newton 1999: 410. In Newton’s terminology “places” are occupied by things.) But it is worth noting that here the analogy works in the other direction; Newton takes the fact of the un-changeability of the order of parts of time as basic. For Newton all moments of time have identical fixed relations. This is a non-trivial metaphysical claim—it rules out, first, the thought that God created time at creation of the universe for then the first moment of time would stand in a very different relation to other moments (as in lacking an earlier moment); second, it rules out thought experiments in which God either makes time irregular or moves temporal places around. The lack of argument for either the existence claim or the nature of time’s characteristics is, thus, all the more puzzling even if we allow that the whole Principia provides overwhelming evidence for the idea that Newton’s approach is coherent and empirically adequate. 

The General Scholium was added to the second edition of the Principia. In what follows, I will not be concerned with establishing to what degree the doctrines states therein are developments of Newton’s views or merely make explicit pre-existing position. While the General Scholium continues the polemic with vortex theorists and makes explicit Newton’s (evolving) methodological stances, much of it is a public statement of Newton’s metaphysical and theological views.[footnoteRef:36] From the vantage point of this paper, the most crucial addition is the following treatment of the “supreme God,” who is: [36:  I have explored the context and significance of these changes in “On Reading Newton as An Epicurean”] 


Eternal and infinite, omnipotent and omniscient, that is, he endures from eternity to eternity, and he is present from infinity to infinity…He is not eternity and infinity, but eternal and infinite; he is not duration and space, but he endures and is present. He endures always and is present everywhere, and by existing always and everywhere he constitutes duration and space. Since each and every particle of space is always, and each and every indivisible moment of duration is everywhere, certainly the maker and lord of all things will not be never and nowhere. (Newton 1999: 941; emphasis in original)

Now this passage resolves one of the previously noted puzzles; time is not created by God. God and time (and space) co-exist eternally—so there is no first creation of a moment of time. God is always immanent within the order of nature (nature understood as existing in space and time).[footnoteRef:37] Newton does not shrink back from claiming that time (and even nature) is eternal. In the fourth letter to Bentley, Newton allows “there might be other systems of worlds before the present ones, and others before those, and so on to all past eternity, and by consequence that gravity may be coeternal to matter, and have the same effect from all eternity as at present,” (Newton 2004: 102).  [37:  I have argued for such an immanent conception of God in Eric Schliesser (2011) “Newton’s substance monism, distant action, and the nature of Newton’s empiricism: discussion of H. Kochiras “Gravity and Newton’s substance counting problem,”” Studies In History and Philosophy of Science Part A 42(1): 160–166 and Eric Schliesser (2012) “Newtonian Emanation, Spinozism, Measurement and the Baconian Origins of the Laws of Nature,” Foundations of Science. DOI: 10.1007/s10699-011-9279-y. See also Robert S. Westfall, “Isaac Newton’s Theologia gentiles origines philosophicae,” in W.Warren Wagar (ed.), The Secular Mind: Transformations of Faith in Modern Europe (New York: Holmes and Meier, 1982), 15-34; I thank Gorham for the reference to Westfall, which I have been unable to read before I completed drafting this essay.] 


According to Newton God occupies all temporal places (forever). But while, thus, true time clearly has a separate status from God, there is an ontological sense in which God’s existence is more fundamental than the existence of time because in virtue of existing everywhere, God“constitutes” duration. Clearly, time’s existence is in some sense a necessary consequence of God’s existence.[footnoteRef:38] But in the General Scholium, Newton leaves unclear in what way God’s existence is the source of time’s existence and why it is so significant to him that God is always everywhere. I return to this below.  [38:  As Gorham notes, in a Preface or (Avertissement) Newton “drafted for a 1720 edition of the Leibniz-Clarke correspondence, where he cautions that the “unavoidable narrowness of language” must not confuse readers: space and time are ‘properties’ of God only in the sense that they are “unbounded consequences of the existence of a substance which is really necessarily and substantially omnipresent and eternal.” For references, including to earlier work by Cohen & Koyré, see Geoffrey Gorham (2011) “Newton on God’s Relation to Space and Time: The Cartesian Framework,”Archiv f. Gesch. d. Philosophie 93(3). 282] 


Not unlike his treatment in the scholium to the definitions, Newton treats time in the General Scholium as an entity with indivisible momentary ‘temporal places;’ here he adds that these are spread out over infinite space. This allows the inference that two events spatially apart happen at the same “true time” regardless of the absolute ‘temporal frame(s)’ in which they occur. As he puts it in “DeGrav:” “The moment of duration is the same at Rome and at London, on the earth and on the stars, and throughout all the heavens…we understand any moment of duration to be diffused throughout all spaces.” (Newton, 2004: 26)[footnoteRef:39] The physical significance of this move is sufficiently known since Einstein.[footnoteRef:40] The motives behind Newton’s claim are clearly theological;[footnoteRef:41] the diffused spatial identity of a moment of time grounds two of Newton’s theological commitments: (i) “God” is “one and the same God always and everywhere.” (Newton 1999: 941) (ii) God is not “like a body, extended and made of divisible parts;” God is extended, but indivisible (DeGrav, Newton 2004: 26; God and minds share this property). Temporal divisibility and disunity has to be prevented because Newton’s God is indivisible and unified, but has to exist temporally.  [39:  I thank Gorham for calling my attention to the significance of this claim.]  [40:  See Smeenk (this volume) for more details.]  [41:  Cf. Stein 1967 and 2002.] 


Moreover, in these General Scholium passages Newton tends to treat time and space as strict analogies if only because there is a kind of parity in God’s relationship to space and time: “the supreme God necessarily exists, and by the same necessity he is always and everywhere” (Newton 1999: 941; emphasis in original). It is worth noting that the modal status of God’s existence and God’s temporality is said to be identical. To put this somewhat informally: if one can say that existence is added to God’s being then God’s temporality is added in the same way; so if God is, time is. To put it in the language of “DeGrav:” duration “is an affection of a being just as a being. No being exists or can exist which is not related to” time “in some way.” (Newton 2004: 25)[footnoteRef:42] That is to say, time is (with space) a condition of possibility of all existing things. [42:  In the quote I have replaced space with duration/time, following the instruction of Newton: “the same may be asserted of duration.”] 


Now “DeGrav” is heavily studied in recent scholarship by historians of philosophy because it is Newton’s most sustained effort to critically engage with Descartes’ metaphysics and articulate his own view. There is little consensus either over its date of composition or over the proper historical-conceptual framework with which to interpret it.[footnoteRef:43] Because “DeGrav” has quite a bit to say about the nature of space and time and how their existence follows from God’s existence, “DeGrav,” offers considerable material for understanding the consequence relation between God and time in the General Scholium if we assume (a) that in “DeGrav” space and time are treated as strict analogous, and (b) Newton did not change his view between the composition of “DeGrav” and the General Scholum. In fact, on the first point, in “DeGrav,” Newton explains the “immobility of space” by the immobility of “duration.” In particular, “just as the parts of duration are individuated by their order…so the parts of space are individuated by their positions, so that if any two could change their positions, they would change their individuality at the same time and each would be converted numerically into the other. The parts of duration and space are understood to be the same they really are only because of mutual order and position; nor do they have any principle of individuation apart from that order and position” (Newton, 2004: 25). Newton asserts here the same doctrine as we have discussed above in the context of the scholium to the definitions of the Principia. So, again time is treated as the more basic concept.[footnoteRef:44]  [43:  In addition to cited work by Gorham, some important papers are: Dana Jalobeanu (2007). “Space, bodies and geometry:  Some sources of Newton’s metaphysics,” Zeitsprünge, Forschungen zur Frühen Neuzeit, 11:81-113; J.E. McGuire (1978). “Existence, Actuality and Necessity: Newton on Space and Time” Annals of Science, 35, 463-508; E. Slowik (2009). “Newton’s Metaphysics of Space: A “Tertium Quid” betwixt Substantivalism 
and Relationalism, or “Merely a God of the (Relational Mechanical) Gaps?”” Perspectives on Science 17(4), Winter 2009: 429-456; Stein, Howard (2002). “Newton’s Metaphysics” Cambridge Companion to Isaac Newton, edited by I.B. Cohen & G.E. Smith, Cambridge: Cambridge University Press. See also the discussions in A. Janiak (2008) Newton as Philosopher, Cambridge: Cambridge University Press and Ducheyne (2012), chapter 3.]  [44:  This has surely tempted Stein (2002) to read “DeGrav” as a source of illumination of the Principia.] 


Finally, in “DeGrav,” Newton does articulate a so-called emanative account of the way God and space are related and this is often taken to shed light on what it may mean that God constitutes duration. (This, too, has not generated any consensus.)[footnoteRef:45] If we may replace space by time, these are the four passages that bear on this issue: [45:  See Ducheyne (2012), chapter 6] 


The first passage, [A], reads: “[N]ow it may be expected that I should define extension [space--ES] as substance, accident, or else nothing at all. But by no means, for it has its own manner of existing which is proper to it and fits neither substances nor accidents. It is not substance: on the one hand, because it is not absolute in itself, but it is as it were an emanative effect of God and an affection of every kind of being; on the other hand, because it is not among the proper affections that denote substance, namely actions, such as thoughts in the mind and motions in body” (Newton 2004: 21).

The second, [B], reads: “space is eternal in duration and immutable in nature because it is emanative effect of an eternal and immutable being” (Newton 2004: 26).

The third passage, [C], reads: “Space is an affection of a being just as a being. No being exists or can exist which is not related to space in some way. God is everywhere, created minds are somewhere, and body is in the space that it occupies; and whatever is neither everywhere nor anywhere does not exist. And hence it follows that space is an emanative effect of the first existing being, for if any being whatsoever is posited, space is posited” (Newton 2004: 25).

The fourth passage, [D], reads: “[l]est anyone should…imagine God to be like body, extended and made of divisible parts, it should be known that spaces themselves are not actually divisible and furthermore, that any being has a manner proper to itself of being present in spaces” (Newton 2004: 26).

We best understand the God-like emanative source of space and time as akin to a formal cause. For the second and third passages suggests that God, the first existing being, transfers some of his own qualities to space and time. The first and fourth passage suggests that space and time are akin (but not identical) to substance because they are indivisible (and, as we have seen, unchanging and unmoving). Space and time have places that all other entities occupy. So, space and time are literally the things that are presupposed for the existence of all entities. This fits well with the treatment of time in the scholium to the definitions, where Newton defined absolute, true, and mathematical time as being “in and of itself and of its own nature, without reference to anything external.” But unlike substance, time is not the source of activity; it is passive. So, infinite, eternal, omnipresent (etc) God is the substantial (as it were emanative) source of infinite, eternal, omnipresent (etc) time. This helps explain what Newton means in the General Scholium that God “endures always and is present everywhere, and by existing always and everywhere he constitutes duration and space.” That is to say, excepting God, time is free-standing. But time requires God’s enduring to exist.

So, on my reading the proper way to understand the consequence relationship between God and time is that they are related by way of self-causation. Newtonian time is an attribute-like aspect of a self-causing God.  By “attribute” here I mean a property required for the very existence of the substance it is a property of.[footnoteRef:46] We know from Newton’s early notebooks that he interpreted the ontological argument of Descartes’ fifth meditation in terms of self-causation: “A Necessary being is ye cause of it selfe or its existence after ye same manner yt a mountaine is ye cause of a valley…(wch [sic] is not from power or excellency, but ye peculiarity of theire natures.” [footnoteRef:47]  [46:  For a defense that Newton’s God is a substance according to Newton, see Eric Schliesser (2011) “Newton’s substance monism, distant action, and the nature of Newton’s empiricism.”]  [47:  Quaestiones,  folio 83r, quoted in McGuire 1978, p. 485.] 


It might appear unlikely that in “DeGrav,” Newton would endorse this reading, because he insists that it is “repugnant to reason” that God created “his own ubiquity” (Newton 2004: 26). One might be tempted to claim that this rules out any causa sui.  But this conclusion cannot be established because emanation is a doctrine that avoids creation in time. Emanation as a form of divine causation is traditionally distinguished from conceptions that refer to God’s will. [footnoteRef:48] Newton is clearly signaling that his God does not stand outside nature; even God exists temporally and spatially. Thus, this passage offers a final insight into Newton’s embrace of true time and why it has no beginning. Newton’s rational theology requires that his philosophical God is always present somewhere such that creation of the (material) world takes place in space and time, and God can provide or maintain the being of the entities in it.[footnoteRef:49] [48:  See Internet Encyclopedia of Philosophy; http://www.iep.utm.edu/e/emanatio.htm, accessed on October 24, 2008. ]  [49:  Newton’s striking appeal to reason should also make us cautious about reading Newton’s empiricism back into “DeGrav” (cf. Stein 2002).] 
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