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	Certainly one of the basic epistemological problems related to the topic of scientific discovery is to state if the rise of a new theory involves a radical incommensurability with respect to the previous horizon, or if there are forms of continuity through scientific changes.


	According to Kuhn, a new set of believes and conceptual structures (what he calls a "paradigm") rises from the complete replacement of an old framework.   In agreement with his opinion, we could analyse a variety of historical cases which show that in the growth of scientific knowledge discontinuities can be found, too deep to be neglected. 


	On the other hand, science development evidences some continuity and progressiveness.  These can be often confirmed by our ability to use satisfactorily a similar mathematical language within two quite different paradigms.   In fact, for what concerns physics investigations, we must underline that the discovery process of a "revolutionary" theoretical conception always implies two elements.   First, the belief that some specific formal tools, already founded in the framework of existing mathematical theories, may offer the right solution when we face a given puzzling "anomaly".   Second, the ability to assign a physical meaning to the adopted formalism, and to consider all its implications.   The choice of the formalism seems to link the creative intuition process to a firm base of continuous scientific progress.


	Our main purpose is to discuss an historical case of scientific change, where the adoption of a specific formalism represents the real motor of the conceptual 'revolution'.   As a consequence we hope it will be clearer what we mean when defining a scientific discovery either as an incommensurable change with respect to previous achievements, or as a development step, in the framework of a linear an continuous process of knowledge enrichment. 


	Namely this aim will be pursued examining the improvements in quantum electrodynamics as it has been elaborated by Richard Feynman.


	On March 1948, during the Second Conference held in Shelter Island, for the first time Feynman analyses the basic electron�photon interaction using a formalism based on the Lagrangian equation, instead of the Hamiltonian one, which is usually adopted in quantum mechanics.   Following an idea due to Paul A. Dirac, Feynman comes back to the concept of 'action' �originally formulated and conceptually accomplished inside the classical mechanics by Fermat, Maupertuis, Euler, Lagrange� and brings it to a new consideration, since it reveals to be consistent both with quantum mechanics and with special relativity.


	We can say that the innovative charge characterising Feynman discovery totally lies in the mathematical formalism he developed starting from the 'classical' tool based on the Lagrangian function: the mathematical method of 'path integration'.   In fact, that conceptual "revolution" which resulted in a new paradigmatic horizon �where vacuum continuously hosts creation and annihilation processes of couples of virtual particles and the electromagnetic field of an electron is seen as the result of continuous emission and absorption processes of virtual photons� already had been accomplished in its basic guidelines during the Thirties, basically as a consequence of Dirac studies.


	Then we can argue a strong continuity between Feynman work and the mathematical structure of classical mechanics.   Nevertheless this aspect of direct continuity between the formalism of path integral and classical calculus of variations is not enough to provide a solid epistemological basis that might help to ground the claim against the believe that scientists who belong to different paradigms "live in different worlds".   As a matter of fact, Niels Bohr and other famous physicists participating in the Shelter Island Conference did not understood the significance of Feynman's speech, and said that the basic principles of quantum mechanics prevent from using the (classical) concept of "path".


	Actually Feynman's path integral is an extension of the superposition principle that is in radical discontinuity even with respect to the set of new ideas absolutely non classical belonging to 'first quantization'.


	Following this new formalism, an empirical event is correctly described as the sum of all possible ways in which the process may occur.   According to a basic quantum rule, the probability for the event is the absolute square of an amplitude function.   In Feynman's formalism this function coincides with the sum of different contributions coming from each path the event could take.   No contribution to the resulting physical evolution is lost, but contributions can interfere positively or negatively according to their phases.   And the phase of the contribution from a given path is proportional to the classical action for that path.   In order to calculate the total probability amplitude for the event we have therefore to combine the contributions coming from each way the event could happen, not just from those ways we suppose to be significant.


	As Feynman says: "When the revolutionary ideas of quantum physics were first coming out, people still tried to understand them in terms of old�fashioned ideas (such as, light goes in straight lines)" [R.P. Feynman, QED. The Strange Theory of Light and Matter, Princeton University Press, Princeton 1985, pp.55-56].   In Feynman's view, light travel is not just the straight�line trajectory: we have to "look at all the ways the light could go �in all sort of crooked paths� to get from the source to the detector" [ibid., pp.53-54].


	Therefore, we can affirm that the conceptual continuity which links the path integral formalism to the variational principles of classical physics is merely incomplete.   Nevertheless, this is enough to make equally incomplete the incommensurability between the new "paradigm" of quantum electrodynamics and both classical mechanics and 'first' quantization.


	As the historical case here analysed well confirms, in order to understand correctly the conditions of growth of the scientific knowledge we need a conceptual framework which can take into account the discontinuity due to the ideas of 'theory dependence' and 'total replacement of a previous paradigm'.   But we also need to enrich this 'discontinuity' with new meanings, since scientific growth presents an evident 'continuity' and a clear 'progress' as well.   And each new 'discovery' in nature inquiry can be seen likewise the result of an interpretative comparison with the "worlds" of past theories, which is allowed by the permanence of similar aspects in the formalisms they adopt.
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