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Solar Clouds, Lunar Mountains, and Jovian Moons:

Galileo on Astronomical Realism and the Pragmatic Compromise
In examining sixteenth century science, one encounters a seemingly counterintuitive divide between astronomy and natural philosophy, in which the former was “nominalist” and did not speak on the true nature of the cosmos while the latter was “realist” but was not informed by astronomical observations, a sort of “pragmatic compromise” between the two disciplines. The goal of this study is to examine how Galileo’s observations and method, as witnessed in his two most important works of observation, The Sidereal Messenger and Letters on Sunspots, challenged the pragmatic compromise. It will be argued that the pragmatic compromise really had more to do with a disciplinary division between astronomy and natural philosophy than an epistemological issue of nominalism versus realism, and that Galileo’s contribution was an assault this division, asserting the right of the astronomer to deal with physical issues and to use mathematical techniques to do so. Through a radical means of reasoning from observed phenomena to the nature of the physical world, enabled in part by the fundamentally new kind of observations with which he worked, Galileo rejected the idea that astronomers did not have the tools to speak on issues of natural philosophy and helped forge the new identity of the “philosophical astronomer.”


To understand the way in which astronomical “nominalism” was challenged in the late sixteenth century and the relationship between astronomy and natural philosophy was reordered, we must first have a sense of the state of affairs against which the astronomical “realists” were rebelling. Thus, it is necessary to briefly review the state of astronomy with regard to realism before circa 1543, when Copernicus’ On the Revolutions was published. The “pragmatic compromise” referred to above is a term coined by Nicholas Jardine to broadly describe the widespread stance in the early sixteenth century that the planetary models of astronomers did not describe the true physical workings of the heavens and that natural philosophy or physics, which could describe the true physical nature of the heavens, was distinct from astronomy, whose purpose was only to “save the phenomena,” that is, accurately predict the movements of the stars and planets.
 There has been much debate over which terms best describe the epistemologies of the philosophers and astronomers, but I shall call them for the sake of simplicity astronomical realism and nominalism, respectively.

It is beside the point to quibble over terminology, but it is worthwhile to briefly explore what exactly the astronomical nominalism of the early sixteenth century entailed. Michael Gardner has identified as the factors that gave rise to the pragmatic compromise the concern that astronomical models contradict philosophical principles, the problem that multiple models can equally well save the phenomena, and the general belief that humans cannot have absolute knowledge of the heavens.
 As these factors would suggest, the nominalism of the astronomers was more a concession to the challenges faced by their discipline than a strong epistemological conviction. Indeed, it would be seriously misleading to think that the astronomers were pure nominalists; there were many elements of astronomical realism already present in their thinking. The concept that observed phenomena correspond to real physical entities, the backbone of realism, can be seen in astronomers’ calculations of planetary distances and sizes from observations, calculations which were understood as corresponding to real distances and sizes.
 Jardine, Robert Westman, and Peter Barker and Bernard Goldstein have all argued in varying terms that the astronomers’ epistemology was, at root, a realist one, and it was only because their realist ideals were stifled that they limited themselves to the practical aspects of saving the phenomena.
 So we can say that even in the astronomical nominalism against which Galileo and his predecessors would rebel there existed a basic notion of realism.

Thus, the problem for astronomy in the sixteenth century was not so much that it wasn’t based in realism but that the astronomers’ right to discuss the phenomena realistically was suppressed. Both astronomers and natural philosophers accepted the idea that the phenomena which the astronomers observed corresponded to real entities in the physical world; after all, this understanding of sense-experience was the basis for Aristotelian natural philosophy. The problem was determining what that correspondence between the observations and the physical world was, that is, who had the authority to interpret the phenomena and with what methods. Taking the case of Galileo’s observations of the moon, neither side in the ensuing debate contested that the observed spots signified something about the physical nature of the moon (once they all agreed that the spots could actually be observed); the debate was about what those spots represented. Thus, the differences of approach had less to do with realism and nominalism and more to do with the process in which the nature of real entities was reasoned from the observations. As we shall see, one of the most important issues of contention between Galileo and his adversaries regarding this process was whether astronomy could inform natural philosophy; it was this issue of the pragmatic compromise, the divide between astronomy and physics, which was crucial, rather than the divide between realism and nominalism.

Before we can discuss Galileo’s approach to the pragmatic compromise and his assertions that astronomers could determine natural philosophy, we must first consider how the separation of astronomy and physics had already been challenged by his predecessors. As we have seen, the nominalist view that astronomers took with regard to their work was more a reflection of practical considerations which limited their right to speak on natural philosophy than a rejection of realism per se. Thus, the pragmatic compromise was essentially based in disciplinary divisions, not epistemological ones; the essence of the divide was that astronomers didn’t have the authority to challenge the cosmology of the philosophers. This started to present problems as astronomers began to revise their models and account for new observations; natural philosophy, on the other hand, increasingly consisted of commentating on standard works, rather than dealing with observation, rendering it dogmatic and resistant to the new arguments of the astronomers.

The first significant challenge to the divide between astronomy and natural philosophy in the sixteenth century came with the publication of Copernicus’ On the Revolutions in 1543. Despite what Andreas Osiander would have had the reader believe in his preface, Copernicus in the body of the work asserted the right of the astronomer to go beyond purely abstract calculations and to make physical claims as well.
 In doing so, he began to forge the new identity of the philosophizing astronomer. Slightly later, the Jesuits, led by Christoph Clavius, argued for a heightened status of mathematics in relationship to natural philosophy.
 Like Copernicus, they went beyond purely practical concerns and claimed that causes could be deduced from observations. However, theirs was still a conception of astronomy subordinate to natural philosophy; their goal was to reconcile mathematics with Aristotelian natural philosophy.
 Perhaps Galileo’s most important predecessor to help pave the way was the Danish astronomer Tycho Brahe. His use of mathematical analyses of observed phenomena to make claims about the physical world was present in his arguments concerning novas (which he concluded were new stars in the heavens) and comets (which he concluded were in the supralunary realm and thus deduced that physically real orbs carrying the planets could not exist).
 Unlike Clavius, Tycho did not view the authority of accepted philosophical opinions as superior to mathematical interpretation of phenomena.

So by the end of the sixteenth century, the idea that astronomical observations could inform cosmology was gaining limited currency. However, it was far from being a widely accepted view. A chief objection was still one that had been levied against astronomy for a long time, namely that the astronomer could provide conjectures but not explanations which were necessarily true.
 Such a claim was made by Clavius, who was sympathetic to the marriage of astronomy and natural philosophy; if this was the opinion of mathematics’ advocates regarding physics, one has a sense of the views of its dedicated opponents.

We have seen how the challenge of dealing with astronomical observations was primarily an issue of how to interpret the observations in order to reason what they corresponded to in the physical world and that this reasoning was largely controlled by disciplinary divisions; before turning to examine Galileo’s method of reasoning and how it further thrust astronomy into the realm of natural philosophy, the principal subject of this study, it is worth making a few notes on the nature of the phenomena with which Galileo was working, as their nature was crucial to the way in which Galileo was able to attack the divide between astronomy and physics. The phenomena described in his Sidereal Messenger and Letters on Sunspots, particularly his observations of irregularities of the moon and sunspots, were fundamentally different in kind from the phenomena which had formed the basis for astronomers’ prior work in building predictive models, namely the location in the sky of the stars and planets. The latter had almost no sensory meaning; they were little more than points in the sky. Further, the models with which astronomers worked were purely abstracted and mathematical and the orbits which planets described had no real referent in the sky. Even Tycho’s nova and comet were essentially mathematical phenomena in that that their significance was in where they were observed and how they moved, not what their physical constitution appeared to be. The new phenomena that Galileo had observed, on the other hand, were essentially physical; they dealt with real bodies and invited consideration of their properties. This need to describe the nature of a physical body, rather than simply predict the movement of stars, opened the door to natural philosophy for astronomers.

We can see, then, that the particular nature of the phenomena with which Galileo was working helped open the door for him to employ a new method of reasoning from observations to conclusions about the physical world; we must turn now to examine what exactly was the nature of Galileo’s reasoning and how it was different, if at all, from that of his contemporaries. This discussion of the last point is limited by the fact that so few of the works of the astronomers and philosophers who wrote in response to Galileo’s ideas have been translated (particularly Horky, Sizi, and Scheiner); thus, it is drawn primarily from secondary source literature which describes their works. I shall attempt to read critically Galileo’s descriptions of his contemporaries, as well as his conception of his own method, so as to avoid taking his own views for granted. Throughout the focus will be on how Galileo’s method related to the pragmatic compromise, specifically the relation between astronomy and philosophy, rather than on a complete examination of his epistemology and method.

Perhaps the most basic element of Galileo’s reasoning was what it was not, namely, an attempt to argue from, or simply reconcile observations with, accepted natural philosophy. In the Letters on Sunspots, Galileo rejects Scheiner’s reasoning in which he argues from what he believes to be the nature of the sun, as determined by prevailing natural philosophy.
 He similarly refuses to accept the authority of the ancients as a basis for establishing physical properties.
 His goal is rather to go from the observed phenomena to a conception of the true nature of the cosmos, instead of deducing the nature of the cosmos from preconceived philosophical notions.
 It would be naïve to accept Galileo’s characterization of his contemporaries at face value, but there is evidence that at least some of them reasoned in the way that Galileo criticized, namely attempting to reconcile observations with previous physical beliefs.
 In all, Galileo’s view represented a rejection of the idea that astronomy should be subjugated to and guided by natural philosophy, which was the basic premise of the pragmatic compromise. His opponents, on the other hand, continued to enforce the pragmatic compromise, rejecting the idea that astronomy could inform physics and simply attempting to fit the new observations into a previous framework provided by natural philosophy.


While Galileo would have his readers believe that he approached the interpretation of phenomena bound to no previous framework, it is of course impossible to think or argue in an ideological vacuum. He, too, had certain biases in interpreting observations, perhaps most significantly his unwavering support of heliocentrism. It could be argued in turn that this was purely empirically-based as well, but this is rather beside the point, which is that he approached the interpretation of phenomena already presupposing certain beliefs about the cosmos which structured how he reasoned and what conclusions he drew. In relation to his work in The Sidereal Messenger, an example of such a belief would be his assumption that the moon reflects light, something far from widely accepted at his time; this assumption guided his conclusions regarding shadows on the moon and the lunar mountains that can be inferred from them, among other things.
 Had he started from other assumptions, he likely would have come to a different understanding of the moon, regardless of how much he was faithful to the observations and scornful of received opinion. Galileo’s notion of his reasoning as free from the influence of natural philosophy does not ring true; it might be free from a certain type of natural philosophy, but it was certainly rooted in and guided by physical assumptions.


So we can characterize Galileo’s reasoning, if in a slightly idealized manner, as an attempt to go from the most plausible and efficient explanation of the phenomena to an understanding of the nature of the physical world, without accepting the traditional realm of natural philosophy as a boundary for his work. The idea of “plausible and efficient” reasoning is problematic, so it will be useful to briefly examine a case where the basis for Galileo’s reasoning differed from his opponents. In the wake of the publication of The Sidereal Messenger, a counterargument was made that the moon had irregular density, and thus reflected light differently throughout its body, which caused the lunar irregularities.
 This argument was explicitly rooted in an attempt to salvage the old conception of the moon as a perfect body, but a simple disavowal of Aristotelian natural philosophy was not grounds enough to reject the theory. In fact, Galileo also had an empirical argument against it; as he would argue in his Dialogue Concerning the Two Chief World Systems, a body couldn’t be constructed of realms of varying density in such a way that it would reflect the light to make the spots appear as they do.
 In short, the argument failed to plausibly explain the observations; in claiming allegiance to traditional natural philosophy, it failed to adequately examine the actual phenomena.


Galileo’s approach also differed from others in that he did not simply hope to accommodate already existing observations, but to actively seek out new phenomena in order to revise and improve physics. As he says in the Letters on Sunspots, he hoped to “tune… this great discordant organ of our philosophy.”
 This was partly just a symptom of desiring fame and of the general expectation of astronomers in the wake of The Sidereal Messenger to produce new discoveries rather than simply recharting what was already familiar. But it was also symptomatic of his desire to actively engage in natural philosophy, seeking out the means to do so rather than waiting for the opportunity to appear; this squares with what we have seen about his rejection of the disciplinary divide between astronomy and physics.


But perhaps the most significant feature of Galileo’s reasoning was that it was essentially based in mathematics. His method of explaining what phenomena represented depended on using the tools of mathematics to analyze them. Obvious examples of this in his work include his conclusions about the height of lunar mountains, derived from a geometric analysis of the observed shadows, and his conclusions about the location of sunspots on or near the body of the sun, derived from an analysis of the foreshortening of the spots as they approached the sun’s limb.
 In essence, he had taken over the problems and considerations addressed by natural philosophy but used the tools of mathematics to tackle them.
 His precedent for this was Tycho’s work on novas and comets, but Galileo took it further in arguing from mathematics not just the location of bodies but their physical nature. Whereas his Aristotelian contemporaries rejected mathematical demonstrations as necessary and sufficient when applied to the physical world, Galileo viewed them as the most reliable method for moving from observed phenomena to an understanding of the cosmos.
 This approach was a clear and deliberate flaunting of the pragmatic compromise; not only did Galileo refuse to recognize the disciplinary divide between mathematical astronomy and physics, he used mathematics as the basis for creating a new understanding of natural philosophy. 

Owen Gingerich has written that Galileo did not so much discover the Jovian satellites as invent them, and the same could be said of all his discoveries.
 He invented them in the sense that he reasoned that they existed as such from his observations; his opponents rejected his reasoning, not his observations. The differences between his reasoning and that of his contemporaries had less to do with realism and nominalism and more to do with respecting or disregarding the disciplinary aspect of the pragmatic compromise, in regards to how much and in what ways astronomy could venture into the realm of natural philosophy. The issue at hand was whether Galileo, as a mathematician and astronomer, had the authority to address physical issues. As we have seen, Galileo’s work in The Sidereal Messenger and Letters on Sunspots rejected the disciplinary divide between astronomy and physics and placed natural philosophy squarely in the province of the astronomer, both with regards to providing the observations which structured natural philosophy and analyzing the observations to determine what they signified. It is in this sense that Galileo boldly claimed for himself the role of “philosophical astronomer.”
 This new role was not derived from a seemingly radical epistemological stance, namely realism, but from a new form of reasoning about observed phenomena, one enabled in part by a new type of phenomenon itself. The significance of the appearance of the philosophical astronomer was not that it rejected a previous nominalism-realism dichotomy; as we have seen, that dichotomy is problematic at best. Rather, its significance was that it heralded the beginning of the end for the pragmatic compromise between astronomy and natural philosophy and signaled a new way of approaching physical considerations.
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