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Some beliefs behind heuristics


Inner perfection

Explain-or-assume

Explanatory correspondence

Covariance/invariance
 Scheduling discovery

New theories are constructed under the pressure of new phenomena, whether actually encountered or imagined, that are seriously taken by the scientist. New means that there is no room for these phenomena in the models provided by accepted theory. The response to such pressure has two stages, logically if not chronologically distinguishable (van Fraassen 1987).
Systole
The existing theoretical framework is widened so as to allow the possibility of those newly envisaged phenomenon

( empirical adequacy
THEN
Diastole
The mutated theoretical framework is narrowed to exclude a large class of the thereby admitted possibilities

( explanatory adequacy




Cultural beliefs





Nature has a logical order


Identity of ordo idearum and ordo rerum 


What is more true is more generally valid


God does not play dice


We are on giant’s shoulders


No absolute object & concept


Experience is science basis and it is relative


All the observers are equivalent


Many appearances, one truth





Riemann’s geometry


Levi-Civita’s differential calculus








Nature has a logical order


Identity of ordo idearum and ordo rerum (Spinoza)


What is more scientific is more generally valid








There is a principle behind each regular connection: God does not play dice








Our theories rest on giant’s shoulders (approximation)








No absolute object & concept


Experience is science basis and it is relative


All the observers are equivalent


Many appearances, one truth





Covariance/invariance





 to represent each fundamental physical quantity involved in the theory in a co-variant form (using tensors) (Einstein 1916)


 laws of physics must be of such a nature that they apply to systems of reference in any kind of motion (Einstein1916) It is a kind of generality that can be called symmetry in-variance (van Fraassen 1989)





Exemplar use:


Absolute elimination: simultaneity, rest, ether (Einstein 1905)


General Relativity (Einstein 1916)





Explanatory correspondence





The equation of any new theory must transform, with appropriate accuracy, into the correspondent equations of a previous, well established theory where this is well sustained by data (Fadner 1985)





Double semantic flux between NEW and OLD theory:


(a) OLD guarantees some empirical adequacy and meaning assignation to new concepts to NEW (Achinstein 1968, Fadner 1985);


b) NEW reinforces OLD through explicative and intertheoretical support: explicative coherence (Thagard 1992) and theory rigidity (Weinberg 1987) increases.





Exemplar uses:


Galilei & Lorentz transformations


G.R. and Newtonian gravitation (Einstein 1916)


G.R. and S.R. (Einstein 1916)





Explain-or-assume





There is a profound reason for regular connections among phenomena perceived or described as distinct (cfr. Einstein 1936)





Three phases:


a) evidence is transformed into conjecture;


b) conjecture is postulated as a principle;


c) theoretically relevant consequences are deducted, especially if experimentally identifiable.





Exemplar uses:


no Earth motion relatively to light medium (Einstein 1905)


constancy of the velocity of light in vacuo (Einstein 1905)


experimental equivalence between inertial mass and gravitational mass (Einstein 1911)





Inner perfection





The simpler the premises of a theory are, the more various the things it links, the more extensive its field of application is, the more convincing it is (Einstein 1949)





Exemplar uses:


conflict between Galileo’s relativity and light principle


asymmetries in electrodynamics (of moving magnet & conductor) between different explanations, not inherent to phenomena (Einstein 1905)


redundancy: luminiferous ether (Einstein 1905)


no place for equal falling of all bodies in the gravitational field (Einstein 1911)


inherent epistemological defect of classical mechanics: the privileged space of Galileo is a merely factitious cause and not an observable thing (Einstein 1916)


search for a theory of principles, rather than a constructive theory (Einstein 1948)


complicated mathematical apparatus (covariance) of gravitational field equations in order to gain simpler and more natural physical suppositions (Einstein, Infeld 1938)





?





Belief


A tacit premise used as a starting point or guiding principle in reasoning. Resulting from shared human experience (cultural traditions), more or less unconsciously, propagates from mind to mind as a meme by contagion (Dawkins 1976). Sometimes, while thinking, beliefs enter in cognitive dissonance among them or with experience-driven ideas. Some belief becomes object of attention, i.e. an idea sprouts.





Idea


A thought (about world, self or knowledge) that we can discuss, accept, share, state, work out, clarify, contest (Hacking 1999). Coming directly from a more or less conscious and voluntary reasoning, it propagates by irradiation across minds, joining other ideas and beliefs in theoretical networks of different solidity. Sometimes, while thinking, ideas and beliefs jars, and a domino effect can take place. Sometimes, while experiencing, some idea takes root in the mind as a routine, especially through social praxis, becoming tout court a belief.





Phase 1: personal diagnosis


Scientist activates inner perfection heuristic to test the existing theories against & cultural beliefs. He locates defects and traces research patterns.





Mach’s definition of mass





Maxwell’s electromagnetism


Lorentz’s electron theory





Galileo’s relativity


Newton’s mechanics





Phase 2: systole


(a) adding relevance


Scientist adds “new data” estimated relevant or new emphasis to someone already available:


- empirical: no Earth motion relatively to light medium; constancy of light velocity, equivalence of inertial and gravitational masses;


- theoretical: Lorentz’s invariance of Maxwell’s equations, analogy between the mathematical problem of the General Relativity and Gaussian theory of surfaces


(b) stressing theory


Scientist stresses existing theory using abstraction and orientation heuristics, drawing from available images, exemplars etc., he perturbs conditions usually assumed inside standard models in order to let theory deficiencies stand out:


- initial conditions: free falling observer (equivalence between gravitation and acceleration);


- auxiliary hypothesis: simultaneity measurement, vector parallel transportation;


- (ceteris paribus clause).


(c) assuming principles


Scientist assumes new hypotheses as new principles inside the mutating theory, according to the explaining-or-assuming heuristic.





Phase 3: diastole


Scientist reduces the variety of possible theories, using:


- classical logic;


- satisficing heuristic;


- other beliefs ?





This selective phase is more deterministic and logically driven than the formers. The emerging theory may be so deeply reshaped, at least on the long term, as a seeming revolution.
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