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Abstract

In this paper I investigate Th. Kaluza and O. Klein’s attempts to unify classical electromagnetism and general relativity within a Riemannian metric. Why choose Kaluza-Klein formalism to discuss unificatory powers? I have some reasons to carry on my analysis in this way:

· (1) Under some important provisos, K-K formalism is a string theory in nuce. It is not only a simplified string theory, but also a mechanism used later in string theory to add dimensions that capture interactions other than gravity. It is usually considered the conceptual starting point of string theory because it provides an answer to how the universe might have more than four dimensions.
 It is the hypothesis that the types of force in the physical world can be reduced by appealing to higher dimensions. To Klein the representation of the world in five dimensions appeared simpler and in some sense more beautiful. But most importantly, the model promised to unify general relativity with electromagnetism which had been Einstein’s ultimate dream. Klein’s theory also provided an explanation for why the extra dimensions remain hidden. Moreover, the theory proved to be easily generalizable to an arbitrary number of non-Abelian interactions (the Yang-Mills field). For the purposes of the present paper, K-K is a forerunner of string theory in another sense; its mechanism of unification resembles in many important respects those of string theory.

· (2) The formalism is not motivated by the necessity to explain new observations and provide new predictions. It is important to see the dialectic of the theory which is not summoned to the tribunal of experimental data. The unobservability of extra dimensions, the preferred worry in the age dominated by logical positivism of the 30s and 40s, does not hold water anymore.
 Even if the reasons to reject K-K formalism are multiple and independent of any empirical facts, this one is not sustainable from a philosophical point of view. We do not need to reject theoretical entities solely on the ground of their lack of observability. Other problems that marred the original formulation of K-K, including some unsolved divergences (the so-called “infinite tower of massive particle” a form of the lack of renormalization) have to be discussed here as a price to be paid for the unification endeavor.
 Other historical reasons to reject the original K-K formalism, Einstein’s skeptical stance on one hand, the developments in quantum mechanics on the other, and still the discovery of the weak interaction force in the mid 30s, are only contingent and do not bother us here. The new quantum physics swamped the research in K-K because at a fundamental level it replaced the classical fields of smooth, geometric forces with discrete packets of energy. As a result of these historical reasons, the theory lingered for about 60 years.

· (3)  There is no definition of unification of scientific theories, although there are some general features of it at hand. This also can bring about an advantage: each case of unification has something new to say about unification. When philosophers and historians of physics examine the paradigmatic cases of unification, they usually find different types of mechanism at work. And each of these will become a piece in the jigsaw puzzle. Although the K-K case has less things in common than one might expect with other cases encountered in physics, because of its connection to string theory, it can still be elucidatory for issues in unification literature. In each and every case of unification some features are dominant and some are less relevant. I also admit that each case has its own “atypical” (if not altogether weird) features and some of its aspects are now solely of a historical interest. K-K formalism is above all an illuminating example of how two scientific theories can be unified. Its analysis can elucidate some aspects of unification in physics and can give insight into the mechanism of unification as well as into the price paid for unification. Today, the unification of physics is one of the subject’s most prominent goals.  The present paper hopes, through a case study of the K-K type of unification, to further clarify some aspects of the role of unification in science. KK is a good case of unification that can be used to enrich some of the models of unification already available.

· (4) Klein’s formalism provides novel explanations: quantization of charge, un-observability of extra dimensions, internal symmetry of electromagnetism etc. In this sense, K-K can shed light on the connection between explanation power and unification. 
My final goal is to answer some questions about the unification power of scientific theory as a theoretical virtue. Almost all of these virtues have been proven to be susceptible to some major defects. I sum up here the major dissatisfactions with a “theoretical virtue” (let it be X):

i.) there are no general definitions available for X;

ii.) there are too many trivial instances of X in science;

iii.) there are too many spurious instances of X in science;

iv.) X is not relevant to the major debate in philosophy of science between realism and antirealism, to the problem of truth of theories, explanatory power, etc.

Unification does not constitute an exception. Indeed, do we have an unanimously received view of unification in philosophy of science? I do not think that there is a unification theory per se, albeit there are some attempts to ascertain such a general theory of unification. Each instance of unification can add features less evident in other cases.

Concerning the importance of unification for “hot” topics in philosophy of science, the most common connection is the one between unification and explanation. Comparing two theories which are observationally indistinguishable also entails considering their explanatory powers which have a central epistemic role. In the standard theory of scientific unification, due to M. Friedman and P. Kitcher, unification has been directly connected to the explanatory power of the theory. Consequentially, as related to explanation, the preferred topic in philosophy of science for decades, the unificatory power has acquired a central role among theoretical virtues. The “magic” link between unification and explanation is still one of the central themes in the literature around unification. 

In this paper I weasel out of providing a whole answer to all of these worries. I do not intend to provide a general account of unification, but I want to show that in Klein’s formalism unification is neither trivial, nor spurious and that it has a connection with explanation and prediction. 

Further note: It is worth noting that non-empirical requirements play a central role in modern physics because of the proverbial problems that haunt the high energy experimental physics. The trend to override the empirical requirements by looking at the non-empirical constraints seems in this case natural. So a philosopher of physics should flirt with the theoretical virtues of theories. String theory and Kaluza-Klein are good cases for which a study of their theoretical virtues is relevant and has serious implications, even prior to calling them before the empirical “tribunal”. In its present stage at least, string theory must meet some criteria which are “theoretical” and among them unificatory power is one of the most pregnant. In this paper we will limit ourselves to the unificatory virtue of the Kaluza-Klein formalism.

� The other possible origin of string theory is the Standard Model. I do not engage in the present paper in a debate about the historical or conceptual origins of string theory. 


� Trivially enough, even the fact that we need an absolutely unreachable energy of 1019 GeV to probe extra dimensions is not at all an argument against the existence of extra dimensions.


� It is important to know that renormalization was the central problem of the initial models of electroweak unification: the V-A model and the Glashow model (1961). 


� This analysis is a part of a broader project to investigate string theory from a philosophical point of view. I am peculiarly interested in how successful this theory is and finally how true could it be. But in order to ascertain such a result I need to narrow down my analysis. In this paper I will avoid the debate about how successful string theory is from an empirical point of view and consequently I will avoid any conclusion about its truth or truthlikeness. Instead of engaging in the realist/antirealist debate about string theory, in the present paper I will restrain my analysis in two respects. Firstly, I will focus only on a specific episode of the history of string theory, i.e. the Kaluza Klein formalism. Secondly, I will set off my analysis by looking exclusively at its most important theoretical virtue, i.e. the unificatory power. The empirical confirmation of string theory is very prolific topics for a philosopher of science, but lots of serious problems arise.  In fact, the attitude of philosopher of science is to wait for better empirical confirmation of string theory before engaging in any deeper philosophical analysis. (#quote Weingard). The perspective of a physical theory without any “friction” to reality terrifies lots of philosophers. In meantime string theorists are relying on some indirect evidences for string theory that are directly observable, but they are part of other theories (a standard example is the black hole radiation). I plan to discuss the indirect confirmation in a further paper.





