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Abstract

Most historians of science eagerly acknowledge that the early modern period witnessed a shift from a prevailing Aristotelian, spherical, centered conception of space to a prevailing Cartesian, rectilinear, oriented spatial framework.  Indeed, this shift underlay many of the important advances for which the period is celebrated.  However, historians have failed to engage the general conceptual shift, focusing instead on the particular explanatory developments that resulted.  This historical lacuna can be attributed to a historiographical problem:  the lack of an adequate unit of analysis by which to investigate the conceptual change.  Here, a philosophical argument is made for representations of space as an appropriate category of historical investigation, and methods of textual interrogation are suggested to this end.  Finally, two examples, taken from Aristotle and Newton, demonstrate the feasibility and importance of this project.

Introduction

It is something of a commonplace to say that the seventeenth century witnessed a shift from a fundamentally spherical worldview to a fundamentally rectilinear worldview.  This move toward rectilinearity is evident in the emergence of all the hallmarks of “classical” science.  The dissolution of the heavenly spheres, the replacement of equilibrium by collision as the model of mechanical interaction, the abandonment of Aristotelian natural place, and the all-important development of rectilinear inertia to supplant natural motion and impetus all display the general trend.  Nevertheless, while historians have extensively studied each of these developments individually, they have not satisfactorily addressed the conceptual shift common to all.  Though most historians of science would immediately recognize and acknowledge the existence and importance of the adoption of a rectilinear, Euclidean framework in the early modern physical sciences, none has detailed how this came to pass.

This historical lacuna can be attributed, in part, to a problem of historiography.  In order to explain how something changes over time, one must first understand what that something is.  One must identify a unit or category wherein an alteration of features or characteristics constitutes the change in question.  In this case, historians have not developed the unit of analysis needed to describe, let alone explain, the historical development in question.  There is no account of the shift from a spherical worldview to a rectilinear worldview because there is no adequate understanding of what is meant, in this context, by a “worldview.”


This paper proposes a solution to this historiographical problem as a first step toward filling the historical lacuna.  It will argue that representation of space is an appropriate unit by which to analyze the development of rectilinearity in classical science.  As will be expressed more precisely below, a representation of space is the interrelated set of concepts by which spatial properties and relations are described and explained.  Thus, the shift in “worldview” that accompanied the emergence of modern science can be described as a move from a centered representation of space to an oriented representation of space.  The “something” that changed during the seventeenth century was the prevailing representation of space.  Authors described and explained spatial properties spherically, in relation to centers, at the beginning of the period and rectilinearly, in relation to orientations, at its end.


At first blush, this assertion seems blatantly and perniciously anachronistic.  It posits a contemporary notion of our own devising in the work of historical authors, and thus threatens to distort the resulting historical account.  The are two ways to ameliorate this concern.  The first is to identify pieces of text in which authors explicitly state their representations of space.  This path is not available here, since explicit expressions of a representation of space are very rare, though not entirely absent, in the work of early modern natural philosophers.  This is not very surprising.  Indeed, it will be argued below that explicit statements regarding representations of space should not be expected in any author, since commonly-held, “ordinary” concepts are usually sufficient to allow meaningful communication without explicit definitions.

The second path, followed by this paper, is to argue that a representation of space is a necessary part of any physical understanding of the natural world, and thus an essential part of the work of any natural philosopher.  If one can establish the a priori expectation of finding a representation of space implicit or explicit in any attempt to provide physical understanding, one can then reasonably seek the representation of space contained in the work of early modern authors.  One need not fear pernicious anachronism due to the illicit distortion of historical text.  Notice, however, that establishing the necessity of a representation of space makes a claim about physical understanding in general that transcends temporal period.  It entails a philosophical argument proceeding from basic intuitions about the nature of scientific understanding.  To establish the claim, therefore, this paper offers just such a philosophical argument in favor of a historiographical conclusion.  If nothing else, this paper represents an attempt to be historical and philosophical at the same time.

The philosophical argument for the necessity of representations of space does not complete the historiographical project, however.  One must also show how the proposed unit of analysis is to be identified in historical texts, especially since it is usually implicit.  It must also be demonstrated how representations of space are useful.
  That is, it needs to be shown that representations of space can be used to describe the historical phenomenon in question:  the shift from spherical to rectilinear worldview.  To this end, this paper will conclude with brief examples drawn from Aristotle’s De Caelo and Newton’s Principia that show both the possibility and the importance of analyzing representations of space in seventeenth century natural philosophy.

Explanations and Descriptions

The attempt to show the necessity of representations of space begins with the basic intuition that physical understanding consists in the ability to explain facts about the natural world.  One says a phenomena is properly understood when a satisfactory account can be given.  Thus, scientists ultimately seek explanations of the phenomena they study.  Explanations, meanwhile, all exhibit a basic structure.  They consist of two parts:  an explanandum and an explanans.  The former describes the “target” or “topic” of the explanation – that is, the phenomenon the explanation is meant to explain.  The explanans, on the other hand, specifies whatever it is that is meant to account for the phenomenon described in the explanandum.  A satisfactory or “good” explanation properly relates an explanans to an explanandum.  Though a subject of intense philosophical interest, the criteria defining this “proper relation” need not concern us.

Note, rather, that explanations necessarily involve some sort of description or specification.  On the one hand, the explanandum is meant to specify some feature of the physical world that is meant to be explained.  Hempel, for example, defined an explanandum as a “sentence describing the phenomenon to be explained.”
  That is, the explanandum is a description of some fact about the world.  This definition is girded by the difficulty imagining how one might set about explaining an explanandum that is not a description.  How could one try to provide an explanation if one does not know what to explain?  There must be some phenomenon that is the target of an explanation, and this topic must be specified in the explanandum.  The specification of the phenomenon requires a description.

On the other hand, the explanans must involve at least some reference to phenomena.  If a physical explanation is meant to show how the properties and relations of physical objects account for the feature of the world described by the explanandum, then some specification of those properties and relations must appear in the explanans.  In other words, the explanans must include descriptions of the facts about the world that account for the phenomenon in question.  For example, the explanans might include descriptions of the initial conditions that occasioned the phenomenon to be explained.  Or it might include a description of the physical context in which the phenomenon took place (the forces acting and so on).

One could even argue that an explanation consists entirely of descriptions.  In a broad sense, even the law-like generalizations or statistical rules adduced in order to link initial conditions with the phenomenon to be explained can be considered as descriptions.  Like other descriptions, they specify facts about the world.  They assert that the world is such and such a way.  Or they assert that certain objects invariably have such and such features (including dispositions).
  On this view, an explanation is simply a marshalling of facts that account for another fact.  To give an explanation, then, is to provide a description of each of these facts.
  For present purposes, however, we do not have to prove this point.  It will suffice if just one statement in an explanation makes some reference to phenomena, and that is a fairly easy claim to make.
So far, we have argued that understanding of the physical world consists in the ability to provide explanations of physical phenomena.  We have also tried to establish that explanations consist, at least in part, of descriptions.  Now we are prepared to make a familiar philosophical move.  We claim that, just as explanations rely on descriptions, descriptions depend on concepts.  We cannot generate or comprehend descriptions unless they are set in the context of a cognitive framework – the set of concepts that give meaning to the terms used in the descriptions.  Concepts allow the generation and interpretation of descriptions since they regulate what the descriptions mean.
Consider, as an example, the description “The apple falls down.”  This statement describes the behavior of a physical object.  It specifies an object – the apple – as well as its behavior – a particular form of motion, falling.  The statement also specifies the direction of the motion – down.  Altogether, then, the statement “The apple falls down” can be comprehended as a meaningful description of the phenomenon.  It specifies a certain phenomenon or fact about the world:  the behavior of the apple – i.e., it moves in a particular manner in a particular direction.  The meaning of “apple,” “falls,” and “down” in this description, however, are not inherently and immediately intelligible.  The description must be further interpreted in order to make its meaning patent.  “Apple” must be interpreted to mean a particular object.  The term “falls” must be interpreted as a particular kind of accelerated motion.  “Down” must be interpreted as a specific direction or path.

The interpretation requires an investigation of the concepts invoked by the description.  The concept of “apple” allows the interpreter of the description “The apple falls down” to identify the object described.  The concept of “falls” allows the interpreter to understand that the apple undergoes an accelerated motion, while the concept of “down” picks out which direction is meant by the description.  Similarly, an observer of a falling apple would employ the concepts of “apple,” “falls,” and “down” in order to generate the description “The apple falls down.”  Interpreters and generators of descriptions can only operate within the context of some cognitive framework – the set of all concepts one possesses – that includes the concepts of the terms of their descriptions.  Put simply, the very possibility of description relies on concepts.
It follows, therefore, that physical explanation requires a cognitive framework of concepts.  Since explanations require at least one description, and any description requires a conceptual framework by which the description is interpreted, explanations require concepts.  The concepts give meaning to the descriptions that constitute the explanation.  They establish the referential links between the explanation and the phenomena it specifies.  Concepts give explanations their meaning.  Explanations are meaningless without a cognitive framework in the context of which they are interpreted.
(This conclusion is nothing particularly new.  That science must include a conceptual framework that gives meaning to its theories is a claim that has been made to various ends by many philosophers.  Our position is similar in outline, for example, to Micheal Friedman’s “relativized a priori,” the set of concepts necessary to state a theory.
  That is, scientific theories depend upon the conceptual framework that gives meaning to the terms by which they are expressed.  Friedman himself, meanwhile, invokes a heritage stretching back to Kant via Kuhn, Carnap, Reichenbach, Schlick, and others.  The contribution here is to bring this weighty philosophical point to bear on a narrow historical problem.  The above argument serves to focus upon that purpose as straightforwardly as possible.)
Representations of Space

It remains to show that a representation of space is a necessary part of any physical understanding.  This is accomplished simply by definition:  A representation of space is the subset of the concepts in a cognitive framework that concern spatial properties and relations.  It includes, among many others, the concepts of “up,” “down,” “above,” “below,” “far,” “near,” “straight,” “curved,” and so on.  Thus, a representation of space is the set of concepts that underwrites descriptions of directions, locations, sizes, shapes, distances, and any other spatial property or relation.  Hence, a representation of space is an essential element of the understanding of physical phenomena, insofar as such phenomena occur in physical space and physical understanding concerns their behavior in that space.  If an explanation refers to spatial properties and relations, and we stipulate that all the physical explanations we are interested in do so, it calls upon a representation of space.  A representation of space forms a necessary part of the conceptual context within which physical phenomena are described and explained.

A representation of space, however, denotes more than just a bare set of concepts.  The concepts in a representation of space are not held in vacuo, one by one.  Various concepts make reference to the same objects, forming intellectual complexes and structures.
  For example, “up” is usually the opposite of “down.”  If “down” is conceived as directly toward a presupposed location, “up” is usually conceived as directly away from the same location.  The concepts of “above” and “below,” “top” and “bottom” will also often refer to the same location, such that if “above” is further from the location, “below” is nearer, “top” is furthest, and “bottom” is nearest.  Thus, the interrelations between the concepts included in this representation of space form a coherent structure, built around a single presupposed location to which each of the concepts refers.  A similar structure will result if the concepts are referred to a presupposed axis, as well.  A representation of space includes such relationships between concepts.

It is possible to characterize the “shape” or geometry of representations of space.  If, for example, the concepts in a representation of space all refer to a presupposed, privileged location, then directions, such as “up” and “down” will converge or diverge toward or away from the presupposed location.  That is, the direction an observer employing this representation of space will describe as “down” will converge towards the central point his or her concept of “down” refers to.  Each region of space may also be conceived with a determinate privileged orientation – e.g., the direction toward or away from the privileged location.  The observer will be able to say without any ambiguity which way is “up” or “down.”  And different regions of space will be conceptually distinguishable from one another by their distance from the privileged location.  The observer, therefore, will be able to describe regions of space as “higher” and “lower.”  Put another way, a representation of space that presupposes a single privileged location is convergent, anisotropic, and heterogeneous.  This is a centered or spherical representation of space, since the conceptual structure exhibits the properties of a spherical geometry.
Consider, by contrast, a representation of space in which the concepts are referred to a presupposed line or axis, rather than a privileged location.  In this case, “down” might mean along the line in one direction, “up” along the line in the other.  Similarly, “above” would be further along the line in the “up” direction, “below” would be further along the “down” direction.  Here, directions would be self-parallel.  The direction described as “up” or “down” in one part of space would be parallel to the direction described as “up” or “down” in another.  Moreover, without a presupposed privileged location by which locations could be uniquely specified, there is no way to determinately distinguish different parts of space.  One region of space might be correctly described as “higher” than another, but it could also be described as “lower” than a third.  There is nothing inherently distinguishing about the way any location is described.  No feature of the conceptual framework allows a unique specification of place.
  In other words, this kind of representation of space is self-parallel, homogeneous, and (if the presupposed orientation is arbitrary) isotropic.
 
This discussion is not meant to suggest that representations of space fall neatly into two categories, centered and oriented.  There could be many other varieties of representation of space, as well as countless variations within each kind of spatial concept.  In fact, each author one encounters might employ a slightly different conceptual scheme.  The point here is simply that it is possible to characterize the general shape of a representation of space.  It makes sense to talk about a “centered” or “oriented” representation of space.  In particular, one can meaningfully assert that the development of classical science included a shift from a prevailing centered representation of space to a prevailing oriented representation of space.  This is a claim open to historical investigation.

Hopefully, the foregoing argument has dispelled any concerns over the legitimacy of representations of space as a historical reality rather than anachronistic figment.  We have tried to show that representations are a necessary part of any physical understanding, since they enable the description of the phenomena to be described and explained in space.  Though representations of space can be constrained by the context of a phenomenon, they are not trivial.  They are an essential part of physical understanding.  Therefore, it behooves the historian of scientific understanding to seek the representations of space associated with the physical explanations of phenomena she studies.

Interrogating Texts

At this point, however, we encounter a difficulty:  We should not expect explicit statements of representations of space.  A representation of space is necessary for and prior to the description and explanation of phenomena, but it is often obvious or simply conventional and therefore goes without stating.  Nevertheless, representations of space are not opaque.  There are methods by which a historian can gain access to them.

In order for individuals to communicate effectively, they must share roughly similar concepts.  They must agree that a description refers to the phenomenon it purports to describe.  Responsible generators of descriptions, therefore, will ensure that their meaning is understood.  In the case of neologisms and obscure terms, for example, an author is expected to provide explicit definitions of the concepts in use.  I would best state clearly what I mean by “umpwise” before expecting my audience to agree that an apple falls umpwise.  The concepts that constitute a representation of space, though, are anything but obscure.  We all have “ordinary” concepts of “up,” “down,” and so on, even if these are not the precise concepts used in physical explanations.  Authors can usually assume that their readers already have some sense of their meaning when it comes to describing spatial properties and relations.  Explicit definitions of such terms would seem redundant.

Moreover, particular physical situations usually present obvious privileged objects and a convenient geometric structure.  These tend to constrain our “ordinary” spatial concepts to a limited set that are similar enough to allow meaningful communication.  We tend, for example, to employ a centered representation of space when observing the stars, but an oriented one describing objects in a room.  It simply makes sense to use a centered conceptual structure to represent the vault of the heavens and an oriented system in a room with flat walls, floors, and ceiling at right angles to one another.
At the same time, most spatial descriptions are very tolerant of conceptual ambiguity.  Even individuals with different spatial concepts are often able to communicate effectively.
  Consider two people, one of whom conceives of “down” as the direction along the head-to-toe axis and the other as the direction toward the center of the earth.  Even though they have different definitions of “down,” both would agree that a falling apple is moving “down.”  In other words, their conceptual frameworks are congruent in this context since applying either set of criteria yields descriptions and explanations that are effectively indistinguishable.  They become distinguishable only when the representations of space are directly compared or when they are extended to other contexts, such as in a bed, where the descriptions and explanations they generate diverge.

Hence, an author can usually appeal to ordinary spatial concepts that the audience already possesses, that are usually apparent in the given context, and that need only be congruent, not identical to his own in that context.  As a result, spatial concepts are often adopted without comment.  One should not expect to find explicit statements of an author’s representation of space in his texts.
Still, texts can be interrogated in order to discover an implicit representation of space.  Notice that the overall geometry of a representation of space can generally be distinguished by the geometrical entities taken as primitives.  A centered representation of space, for example, presupposes a center.  As a result, the concepts in the representation of space will refer to that center as a privileged reference point.  An oriented representation of space, meanwhile presupposes a rectilinear orientation.  Its concepts will refer to that straight line.  Therefore, one way to characterize an author’s representation of space is by noting which geometrical entities are taken as primitives in his conceptual scheme.  A privileged point or location indicates a centered representation of space; a privileged line suggests an oriented representation of space (though, again, this does not exhaust the possibilities).  Hence, the historian can ask several specific questions of a text in order to discover its underlying representation of space.  Most importantly, what are the basic geometrical elements of spatial descriptions?  Does the author ineliminably presuppose centers or lines?  Does he presuppose fixed points or not?  We might also ask how an object is located in space.  That is, how is an object’s location specified?  What geometrical presuppositions are necessary for the specification?

The description of directions by an author is also useful for discerning a representation of space, especially by examining how the author describes the similarity of directions.  In a centered representation of space, directions are specified in relation to the spatial center.  Thus, two directions will be described similarly – that is, identified as “the same” direction – if they bear the same relation to the center.  For example, two directions might be described as “down” if they are both directed toward the presupposed center.  In an oriented representation of space, by contrast, directions are specified in relation to the spatial orientation.  Two directions will be described similarly if they bear the same relation to the orientation.  This entails that directions will be called the same if they are parallel in the same sense, since two parallel lines bear the same relation to a third.  (This method of investigation will be put to use below.) 

A representation of space is necessary for and prior to the description and explanation of phenomena, even if they usually go without stating.  By interrogating a text, a historian can reveal the presupposed representation of space.
Examples:  Aristotle and Newton
Having argued that representations of space are possible objects of historical inquiry and given some indication of how they can be investigated, we can finally put all of this together to suggest how representations of space might be worthwhile objects of study, especially with regard to the development of classical science in the early modern period.  Of course, the ultimate proof will be in the pudding – the histories one can construct using representation of space as a unit of analysis, the sum of which cannot be captured in this paper alone.  Instead, two specific examples will have to suffice, though the examples points toward a larger research program.
Consider Aristotle’s description of the “simple motions” in De Caelo:

Now revolution about the center is circular motion, while the upward and downward movements are in a straight line, ‘upward’ meaning motion away from the center, and ‘downward’ motion towards it.  All simple motion, then, must be motion either away from or towards or about the center.

Aristotle conceives of directions in relation to a presupposed privileged location, namely, the center of the universe, which happens to coincide with the center of the earth.  The center of the universe is a primitive feature of Aristotle’s representation of space.  The location is presumed in order to make descriptions of direction intelligible.  “Downward” means toward the center.  “Upward” means away from it.  In other words, Aristotle’s geometrical structure of space is centered – it is structured spherically around a single, privileged location.

This centered representation of space allows the description of three “simple motions” – upward, downward, and about the center.  Motion in these directions is simple because a body moving along these paths does not change direction.  The direction of the motion is always described the same way – upward, downward, or about the center.  The motion is thus described because the direction is conceived in relation to the center.  Hence, the simple motions are either linear (towards or away from the center) or circular (around the center).  The “simplicity” of the motions depends on the centered representation of space by which direction is conceived and, thus, how the motion is described.

The explanatory consequences of this spherical geometry in Aristotle’s physical theories are well known.  Aristotle can distinguish different regions of space, or “places,” by their distances to the center.  This heterogeneity of space allows him to use locations as (in later terms) termini a quo and termini ad quem in his physical explanations.  He can then argue that bodies possess inherent natures that cause motion towards their proper places.  Thus, the heavy elements earth and water naturally move “downwards,” toward the center.  The light elements air and fire naturally rise “upward,” away from the center (or toward the periphery), and the celestial spheres remain in “place,” naturally rotating around the center.  Aristotle also argues that, since they are simple bodies, the elements should move simply – with simple motions.  Hence, the heavy and light elements move linearly toward and away from the center, and the heavens rotate circularly around it.  As we have seen, though, Aristotle’s description of “simple motions” also relies on his centered representation of space.

These basic physical explanations have further consequences.  For example, the earth’s center and the geometrical center of space must coincide.  Otherwise, as Aristotle notes, the earth would “fall” towards the center.  Also, the earth must remain motionless at the center of the moving heavens, since its parts are all “balanced” upon the center, and there is no cause of additional motion.
  The centered representation of space conditions Aristotle’s descriptions of locations and directions, and thus of motions.  As a result, it grounds the physical explanations he provides.

By contrast, consider Book I, Proposition I of Newton’s Principia, which proves that “The areas which revolving bodies describe by radii drawn to an immovable centre of force do lie in the same immovable plane, and are proportional to the times in which they are described.”
  In other words, Newton shows that Kepler’s second law of planetary motion – orbiting bodies sweep out equal areas in equal times – holds for any body moving under the influence of a centrally directed force.  This proposition, of course, is crucial to Newton’s argument for universal gravitation, since it establishes the basic kinematic effects of an attractive force.

The demonstration of the proposition proceeds by deriving the path of a body through several equal, infinitesimal moments, where the body receives an instantaneous, center-directed impulse at the beginning of each moment.  In each moment, then, the body’s motion is a combination of the inertially-continued motion from the previous moment and the motion due to the percussive action of the attractive force.  To find the resultant motion, Newton simply constructs a parallelogram composition of the two motions.  In each infinitesimal moment, the body is carried between diagonal vertices of a parallelogram, the parallel sides of which describe the body’s inertial and gravitational motion.  Having shown this to be the path of the body, Newton then proves that the area swept out in each moment is the same, and the proposition follows.
Newton’s use of a parallelogram composition of motions here is telling, since it only makes coherent sense in an oriented representation of space.  As Newton’s own justification of the parallelogram composition
 shows, it assumes that the direction of either of the two motions is everywhere parallel to itself.  That is, the parallel sides of the parallelogram must signify motion in one and the same direction.  Only if this is the case will one of the motions carry the body between the two parallel, straight lines describing the other motion.  As we have seen, this assumption indicates that Newton describes and explains the phenomenon – the interaction of inertia and gravitation – using an oriented representation of space.

Someone assuming a centered representation of space would object to Newton’s treatment of the moving body.  She would complain that parallel sides of Newton’s parallelogram do not bear the same relation to any center, including the center of force, and therefore do not signify motion in one and the same direction.  For example, the side of the parallelogram describing the motion caused by the attractive force at the beginning of the moment is directed toward center of force, but its pair is not.  Thus, the parallel sides represent different motions.  Newton’s presuppositions about how direction is described would be seen as illegitimate.
This example, finally, returns us to the broader historical question.  Newton’s first proposition assumes that both inertial and attractive/gravitational phenomena can be described using an oriented representation of space.  Yet natural philosophers working in the Aristotelian tradition at the beginning of the seventeenth century described and explained such phenomena on the basis of centered representations of space.  How, then, were inertial and gravitational phenomena brought into a rectilinear context by early modern authors?  How were inertia and gravitation rectified?  Part of the answer to this question will be the dissolution of the heavenly spheres, the replacement of equilibrium by collision, the abandonment of Aristotelian natural place, and the development of rectilinear inertia – indeed all of historical developments noted at the beginning of this paper and so well studied by historians of science.
  Thus, an investigation of representations of space will profitably underscore, enhance, and unify historical understanding of the early modern physical sciences.
Conclusion


The forgoing discussion is bound to disappoint most of its audience.  The argument that representations of space can be fruitfully studied by historians of science might not seem exciting.  As a treatment of philosophical issues, it is both blandly timid and woefully superficial.  Each step of the argument – that explanations necessarily include descriptions, that descriptions require conceptual frameworks, that representations of space are necessary parts of scientific explanations – is itself worthy of further investigation and the present exposition skirts the wide body of literature regarding each issue.  As a historical investigation, it is simply lacking in content.  Indeed, the tantalizing question just raised is not answered.   Yet it is not trivial to show that representations of space are not anachronistic figments, that they are practically possible to study, and it is historically worthwhile to do so.  In our view, these claims are best established by a philosophical argument.  And this, in itself is exciting:  merely that the discussion speaks (one hopes) to both historians and philosophers at once.
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� For a detailed perspective on descriptions in the explanans, see � ADDIN EN.CITE <EndNote><Cite><Author>Levin</Author><Year>1976</Year><RecNum>70</RecNum><record><rec-number>19</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Levin, Michael E.</author></authors></contributors><titles><title>The Extensionality of Causation and Causal-Explanatory Contexts</title><secondary-title>Philosophy of Science</secondary-title></titles><periodical><full-title>Philosophy of Science</full-title></periodical><pages>266-277</pages><volume>43</volume><number>2</number><dates><year>1976</year><pub-dates><date>June 1976</date></pub-dates></dates><urls></urls></record></Cite><Cite><Author>Davidson</Author><Year>1967</Year><RecNum>54</RecNum><record><rec-number>16</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Davidson, Donald</author></authors></contributors><titles><title>Causal Relations</title><secondary-title>The Journal of Philosophy</secondary-title></titles><periodical><full-title>The Journal of Philosophy</full-title></periodical><pages>691-703</pages><volume>64</volume><number>21</number><dates><year>1967</year><pub-dates><date>November 9, 1967</date></pub-dates></dates><urls></urls></record></Cite><Cite><Author>Woodward</Author><Year>1993</Year><RecNum>82</RecNum><record><rec-number>6</rec-number><ref-type name="Book Section">5</ref-type><contributors><authors><author>Woodward, James</author></authors><secondary-authors><author>Ruben, David-Hillel</author></secondary-authors></contributors><titles><title>A Theory of Singular Causal Explanation</title><secondary-title>Explanation</secondary-title></titles><pages>246-274</pages><dates><year>1993</year></dates><pub-location>Oxford</pub-location><publisher>Oxford University Press</publisher><orig-pub>1984</orig-pub><urls></urls></record></Cite></EndNote>�(Davidson 1967; Levin 1976; Woodward 1993)�  These authors assume that the explanans describes the salient features of the situation that cause the phenomenon to be explained.  They debate, however, whether the description appearing in the explanans must be extensional.


� Additionally, one can point out that most philosophers allow that generalizations themselves can be explained.  In such cases, they are explananda and, a fortiori, descriptions.


� Thus, the requirement that explanations include descriptions does not speak against “ontic” conceptions of explanation, where an explanation is not considered as an argument, but as a collection of sentences or propositions reporting objective facts that account for (causally, statistically, or otherwise) for the phenomenon to be explained.  See � ADDIN EN.CITE <EndNote><Cite><Author>Salmon</Author><Year>1998</Year><RecNum>133</RecNum><Pages> 54</Pages><record><rec-number>50</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Salmon, Wesley C.</author></authors></contributors><titles><title>Causality and Explanation</title></titles><dates><year>1998</year></dates><pub-location>Oxford</pub-location><publisher>Oxford University Press</publisher><urls></urls></record></Cite><Cite><Author>Salmon</Author><Year>1989</Year><RecNum>9</RecNum><Pages> esp. 86ff.</Pages><record><rec-number>9</rec-number><ref-type name="Book Section">5</ref-type><contributors><authors><author>Salmon, Wesley C.</author></authors><secondary-authors><author>Kitcher, Philip</author><author>Salmon, Wesley C.</author></secondary-authors></contributors><titles><title>Four Decades of Scientific Explanation</title><secondary-title>Scientific Explanation</secondary-title><short-title>Four Decades</short-title></titles><pages>3-219</pages><dates><year>1989</year></dates><pub-location>Minneapolis</pub-location><publisher>University of Minnesota Press</publisher><urls></urls></record></Cite></EndNote>�(Salmon 1998, 54; Salmon 1989, esp. 86ff.)�


� � ADDIN EN.CITE <EndNote><Cite><Author>Friedman</Author><Year>2001</Year><RecNum>58</RecNum><record><rec-number>58</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Friedman, Michael</author></authors></contributors><titles><title>Dynamics of Reason</title></titles><dates><year>2001</year></dates><pub-location>Stanford</pub-location><publisher>CSLI Publications</publisher><urls></urls></record></Cite></EndNote>�(Friedman 2001)�  See also � ADDIN EN.CITE <EndNote><Cite><Author>DiSalle</Author><Year>1995</Year><RecNum>59</RecNum><record><rec-number>59</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>DiSalle, Robert</author></authors></contributors><titles><title>Spacetime Theory as Physical Geometry</title><secondary-title>Erkenntnis</secondary-title></titles><periodical><full-title>Erkenntnis</full-title></periodical><pages>317-337</pages><volume>42</volume><dates><year>1995</year><pub-dates><date>1995</date></pub-dates></dates><urls></urls></record></Cite></EndNote>�(DiSalle 1995)�


� For more on this cognitive theory, see � ADDIN EN.CITE <EndNote><Cite ExcludeYear="1"><Author>Lakoff</Author><RecNum>69</RecNum><Pages> 12</Pages><record><rec-number>27</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>George Lakoff</author></authors></contributors><titles><title>Women, Fire, and Dangerous Things:  What Categories Reveal About the Mind</title></titles><dates><year>1987</year></dates><pub-location>Chicago</pub-location><publisher>University of Chicago Press</publisher><urls></urls></record></Cite></EndNote>�(Lakoff, 12)�


� Consequently, this kind of representation of space is fundamentally relative.  An observer can describe locations only relative to other locations.  To do so, he or she stipulates a location to serve as a reference point, but whose location is not itself specified.


� This kind of spatial concept is commonly called Euclidean, since its structure is similar to that of “Euclidean” geometry.  The label, however, is misleading, since Euclid himself was ecumenical in his approach to geometry.  His methods presupposed, on an equal footing, both lines, in the form of the straight edge, and central points, in the form of the compass point.  Someone trying to describe phenomena could appeal to Euclid’s proofs, whether his own representation of space was spherical, “Euclidean,” or otherwise.  In what follows, we will call representations of space that presuppose a privileged line (rather than a point) oriented or rectilinear.


� In fact, histories of space-time already exist for the post-Newtonian period, and these include a focus on what amounts to representations of space.  However, representations of space are more obvious in this context because questions about the “shape of space” become a more explicit part of physical explanation in the move toward general relativity.  Yet, if the search for representations of space is a priori legitimate post-Newton, there is equal warrant for similar investigations of pre-Newtonian science.  That is what is proposed here.  See, for examples of this kind of project, � ADDIN EN.CITE <EndNote><Cite><Author>DiSalle</Author><Year>2006</Year><RecNum>60</RecNum><record><rec-number>60</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>DiSalle, Robert</author></authors></contributors><titles><title>Understanding Space-Time</title></titles><dates><year>2006</year></dates><pub-location>Cambridge</pub-location><publisher>Cambridge University Press</publisher><urls></urls></record></Cite><Cite><Author>Earman</Author><Year>1989</Year><RecNum>25</RecNum><record><rec-number>25</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Earman, John</author></authors></contributors><titles><title>World Enough and Space-Time</title></titles><dates><year>1989</year></dates><pub-location>Cambridge</pub-location><publisher>The MIT Press</publisher><urls></urls></record></Cite></EndNote>�(DiSalle 2006; Earman 1989)� 


� The point here is similar to Philip Kitcher’s discussion of “reference potentials.”  According to Kitcher, interlocutors must at least possess overlapping “reference potentials” for the terms they use in order to communicate.  If the reference potentials do not overlap (i.e., share at least one common possible referent), the interlocutors cannot interpret the reference of each other’s utterances.  Here, however, the meaning constituted by a concept is not limited to reference.  See � ADDIN EN.CITE <EndNote><Cite><Author>Kitcher</Author><Year>1978</Year><RecNum>162</RecNum><record><rec-number>162</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Kitcher, Philip</author></authors></contributors><titles><title>Theories, Theorists and Theoretical Change</title><secondary-title>The Philosophical Review</secondary-title></titles><periodical><full-title>The Philosophical Review</full-title></periodical><pages>519-547</pages><volume>87</volume><number>4</number><dates><year>1978</year><pub-dates><date>October 1978</date></pub-dates></dates><urls></urls></record></Cite></EndNote>�(Kitcher 1978)�


� One might be tempted to say that congruent conceptual frameworks constitute a paradigm, with all that implies.  This temptation should be avoided.  The possible divergence of congruent frameworks is one reason.  Though the two individuals possess different concepts, they are able to effectively communicate in some circumstances.  Their conceptual frameworks are not necessarily incommensurable.  Yet this is a much more fraught issue than what we can tackle here.


� De Caelo I.2, � ADDIN EN.CITE <EndNote><Cite><Author>Aristotle</Author><Year>1984</Year><RecNum>120</RecNum><Pages> 448</Pages><record><rec-number>38</rec-number><ref-type name="Unused">40</ref-type><contributors><authors><author>Aristotle</author></authors><secondary-authors><author>Jonathan Barnes</author></secondary-authors></contributors><titles><title>The Complete Works of Aristotle</title></titles><dates><year>1984</year></dates><pub-location>Princeton</pub-location><publisher>Princeton University Press</publisher><urls></urls></record></Cite></EndNote>�(Aristotle 1984, 448)�


� De Caelo II.14, � ADDIN EN.CITE <EndNote><Cite><Author>Aristotle</Author><Year>1984</Year><RecNum>120</RecNum><Pages> 487f.</Pages><record><rec-number>38</rec-number><ref-type name="Unused">40</ref-type><contributors><authors><author>Aristotle</author></authors><secondary-authors><author>Jonathan Barnes</author></secondary-authors></contributors><titles><title>The Complete Works of Aristotle</title></titles><dates><year>1984</year></dates><pub-location>Princeton</pub-location><publisher>Princeton University Press</publisher><urls></urls></record></Cite></EndNote>�(Aristotle 1984, 487f.)�


� � ADDIN EN.CITE <EndNote><Cite><Author>Newton</Author><Year>1934</Year><Pages> 40</Pages><record><rec-number>61</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Newton, Isaac</author></authors><subsidiary-authors><author>Motte, Andrew</author><author>Cajori, Florian</author></subsidiary-authors></contributors><titles><title>Mathematical Principles of Natural Philosophy</title><short-title>Principia</short-title></titles><dates><year>1934</year></dates><pub-location>Berkeley</pub-location><publisher>University of California Press</publisher><urls></urls></record></Cite></EndNote>�(Newton 1934, 40)�


� Corollary I of the Laws.  � ADDIN EN.CITE <EndNote><Cite><Author>Newton</Author><Year>1934</Year><Pages>14</Pages><record><rec-number>61</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Newton, Isaac</author></authors><subsidiary-authors><author>Motte, Andrew</author><author>Cajori, Florian</author></subsidiary-authors></contributors><titles><title>Mathematical Principles of Natural Philosophy</title><short-title>Principia</short-title></titles><dates><year>1934</year></dates><pub-location>Berkeley</pub-location><publisher>University of California Press</publisher><urls></urls></record></Cite></EndNote>�(Newton 1934, 14)�


� Elsewhere, I have argued that Copernicus, though he retained a centered framework, spurred the original move towards rectilinearity by questioning the location of the spatial center.  Inertia was then rectified by Descartes, on the model of Galileo, and gravitation by Kepler, inspired by Gilbert.
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