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                          The projection problem and the symmetries of physics

                        On the possibility of the scientific realist case

                                                 H. Fields                                                    

It is not ... reason which is the guide of life, but custom. That alone determines the mind in all instances to suppose the future conformable to the past. However easy this step may seem, reason would never, to all eternity, be able to make it. 

D. Hume

It is therefore important to discover whether there is any answer to Hume within the framework of a philosophy that is wholly or mainly empirical. If not, there is no intellectual difference between sanity and insanity.

B. Russell

The main issue for most of this century and the past has been what to make of the supposed 'necessity' of laws. Is it merely an artefact of our psychological makeup, as Hume argued, an objective feature of all rational thought, as Kant argued, or embedded in reality itself?
R.N. Giere

We  simply no longer have any useful notion of how science works or what scientific progress is. 

T. Kuhn

Realism is linked with rationalism, with the reality of the human mind, of human creativity, and of human suffering.

K. Popper 

Reason, of course, is weak, when measured against its never-ending task.

A. Einstein

                                                             Abstract
Given the variety of problems facing scientific realism it is important for its tenability that its possibility be exhibited in some detail. This study is an attempt in that direction within a broad conception of Popper's critical rationalist methodology.

In that methodology, '... the principle of the uniformity of nature is ... replaced by the postulate of the invariance of natural laws, with respect to both space and time.' But, prima facie, this replacement does nothing to meet today's Humean challenge to scientific rationality and its concomitant realism: understood here to be the demand that a good positive reason be had for the projection or application of scientific hypotheses within their respective domains, for either explanatory or pragmatic aims; where such a reason would be grounded neither on an inductive inferral nor on an apriorist stand, but rather on distinct critical scrutiny of the invariance postulate, via valid (deductive-empiric) means. Prima facie, Popper's approach does not meet this challenge, because most scientific hypotheses do not explicitly satisfy his postulate, and even when they do, the postulate does not appear to be under the required scrutiny. This study suggests, however, that the postulate could indeed be under such scrutiny, at least in so far as it relates to foundational theories of inertial, pre-general-relativistic, physics, all of which embed the postulate. (The case of G.R. is more problematic; it is discussed in sect. F) This possibility is suggested by satisfaction on the part of these theories of a set of common constraints (CC), which guided the development of physics hitherto: Coherence, Parsimony, and Hamilton's Principle (HP). The importance of this guiding context consists in that, in tests of these theories, HP could have brought the theory embedded postulate under the required (distinct and valid) scrutiny, thereby effecting positive selection of the theory of interest, from an infinity of empirically equivalent alternatives. This positive selection could have accomplished three desiderata: it could have rationally underpinned parsimonious practice - which does the desired selection but does so via invalid (inductive and/or apriorist) means; it could have validated an otherwise invalid negative selection mechanism; and it could have effected the possibility that the theory of interest alone be in contact with its test-phenomena. Thus two valid selection mechanisms appear to operate concomitantly but distinctly on the foundational theories. Positive selection appears to select for their projectibility, or projective generality, and negative selection appears to select for their scope, or integrative generality. Consequent to such dual selection, the above Humean inspired projection problem - as it relates to these theories, and perhaps as it relates to all hypotheses in part reducible to them, and hence as it relates to the physical and biological sciences generally - may have found an internal resolution, as an unintended consequence of the use in physics of the above guiding context.

This possibility is indicated by the following considerations regarding foundational theories: (a) a projection problem arises not only in their applications both explanatory and pragmatic, but also in their tests: tests of such a theory involve its prima facie rationally illegitimate projection across an interval of its particular spacetime, termed here a test-interval, consisting of a finite number of spacetime instants, and generated by the prediction, or retrodiction, extracted from the theory in order to test it; and (b) the projection of the theory across its test-intervals could be under distinct and valid scrutiny, because, within the confines of the guiding context, we appear to exercise such scrutiny over the relevant spatio-temporal symmetries embedded in the theory, across infinitesimal segments of the theory's test-intervals; symmetries, interpreted here to be hypotheses about the projectibility of the theory across specified features of its domain, which could thus confer on the theory some spatio-temporal projective generality, and hence some spatio-temporal projectibility. 

Extending the line of thought in (b) to other theory embedded symmetries and asymmetries suggests that the similar (in symmetric form) but also diverse (in symmetric content) testable (apparently in a distinct and valid manner) symmetric-structures (composites of symmetric and asymmetric traits) of a sequence of comparable foundational theories could be the source of their comparative projective generality across physical reality, and hence the source of their comparitive truthlikeness, relative to a posited true goal theory, satisfying the guiding context, and possessing the true symmetric-structure, and hence maximal projective generality, in that context. Truthlikeness (for a sequence of comparable theories satisfying the CC) thus acquires the sense of symmetric-structure-likeness in respect of the true symmetric structure of the true theory - with the likeness relation referring to likeness of common symmetric form (suggesting continuity), as well as to likeness of uncommon symmetric content, i.e. of uncommon extent and kind (not least because symmetricity is theory context dependent) of symmetricity (suggesting a discontinuous stepwise approach to the true symmetric-structure and thus to the true theory) - with individual symmetries as the source of components of the truthlikeness of their embedding theory. Thus the sense of physical symmetries - that they may impart to their respective theory a degree of projective generality - and their apparent distinct and valid testability, suggests how symmetries, and mutatis mutandis asymmetries, could have empirically guided physics towards increasingly truthlike theories. The stance involves a realist (truthlike) approach towards testable physical symmetries and asymmetries; an approach that could form an account of just how it is that the foundational theories of physics, and perhaps also all hypotheses in part linked reductively to them, could connect with their respective domains. This leads to a rough account of the successes, and of their gradation, of comparable physical laws and theories; and perhaps also of the successes, and of their gradation, of the physical and biological sciences generally.

Succinctly put: The chief stumbling block to a realist interpretation of scientific hypotheses is the Humean inspired projection or underdetermination (induction) problem: given such an hypothesis there is an in principle possibility of constructing an infinity of alternative hypotheses which would be empirically equivalent to it hitherto, but the predictive and retrodictive consequences of each of which would diverge from those of the hypothesis of interest. It is, therefore, not clear which of these hypotheses, if any, could be truthlike, and hence which of them is to be used in projective (pragmatic and explanatory) applications. This study suggests, however, that physics may have resolved this problem, with respect to itself and perhaps also with respect to the other physical and biological sciences; and that this resolution would have been effected in a non-inductivist and non-apriorist manner, i.e. via Popper's critical rationalist methodology, seen here to be broadly descriptive of actual practices, in at least the core sciences. Popper's methodology has generally, and rightly, been seen not to be capable of resolving this problem, because Popper's notion of corroboration has, prima facie, no projective import. It is suggested here, however, that the corroborative success of a foundational theory in its tests could indeed have projective import, with respect to the domain of the theory; and that consequently, the corroborative success of an hypothesis that is one way or another linked to such a theory could also have such import, with respect to its particular domain.

 Today's Humean challenge could thus have been met in the physical and biological sciences, as an unintended consequence of standard methodological practices. The indication that this could be the case is the steering role testable symmetric and asymmetric hypotheses have had in the development of physics, within the confines of the CC. In the light of this conjectural stance, a realist conception of the unification program in physics is more tenable and the successes of the physical and biological sciences appear neither accidental nor miraculous.
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Section 1 
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B. The projection problem and the symmetries of physics 

C. Hamilton's Principle and the realist case in physics 

D. On the status of physical symmetries 

E. On the status of statistical mechanics and of quantum mechanics 

F. General relativity and its general covariance

G. Renormalization

H. Truthlikeness

I. Model mediation and the unification program in the physical sciences 
J. Summary
II. Symbols and Abbreviations
t: time parameter 

x or s: space parameter

c: light velocity in vacuo  

v: velocity

h: Planck's constant 

 Schrödinger's wave-function

L: Lagrangian, or Lagrangian density

-----------------------------------------

HP: Hamilton's Principle

N.D.: Newtonian dynamics 

N.G.: Newtonian Gravitation 

N.T.G.: Newton's Theory of Gravity 

Cl.M.: classical mechanics

M.E.: Maxwell's equations 

Cl.E.D.: classical electrodynamics

S.R.: special relativity  

R.E.D.: relativistic electrodynamics

G.R.: general relativity

Q.T.: quantum theory

Q.G.: quantum gravity

Q.M.: quantum mechanics

Q.F.T.: quantum field theory

Q.E.D.: quantum electrodynamics 

Q.F.D.: quantum flavour dynamics (weak interaction theory)

E.W.T.: electroweak theory

Q.C.D.: quantum chromodynamics

U(1); SU(2); SU(2)xU(1); and SU(3): symmetry (transformation) groups generating the gauge symmetries of Q.E.D., Q.F.D., E.W.T., and Q.C.D., respectively.

G.U.T.: grand unified theory

St.M.: statistical mechanics 

Cl.St.M.: classical statistical mechanics

Q.St.M.: quantum statistical mechanics

----------------------------------------------

T: theory

S(T): the testable symmetricity, or symmetric-structure, of theory T 

Tr: truthlikeness, or truth approximation, or verisimilitude 

PUN.: Principle of the Uniformity of Nature

IBE: Inference to the Best Explanation
CC: Common Constraints: Coherence, Parsimony, and Hamilton's Principle 
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III. Key terms and distinctions 

1. Five sorts of physical hypotheses are distinquished: 

(1) Hypotheses regarding entities - constituents of matter (in the form of particles) or of radiation (in the form of fields) - and their accompanying relations and structures;    

(2) Statistical hypotheses in the form of distribution functions, which may, or may not, have theoretical accounts;

(3) Law-like correlations;

(4) Theories: (a) non-foundational, e.g. statistical mechanics; and (b) foundational, those to do with the four fundamental interactions, e.g. Newton's theory of gravity. 

(5) Symmetries and asymmetries.

2. The domain of an hypothesis and Ceteris Paribus;  

    Since the philosophical literature is replete with differing senses of the notions of domain and ceteris paribus (on the latter see Earman and Roberts,1999 and Erkenntnis, 2002), it is important to state how they are understood here. 

    Whether one considers a scientific hypothesis to be a syntactic structure consisting of a set of propositions, or a semantic structure consisting of a class of models, one can view such an hypothesis to be about some restricted part of a model reality, a part termed here its theoretical domain. The bounds of such domains are specified, explicitly or implicitly, by a set of conditions which could be intertwined, as in the case of some physical hypotheses: an energy range (or scale) and its associated spacetime, etc. Thus attendant with every hypothesis there is a set of conditions that demarcate the extent of its viability or its legitimate arena or theoretical domain, whithin which the hypothesis is meant to be valid or true or truthlike. Those conditions may be termed validity conditions (VC) (see also Rohrlich 1996a, 1996b, and 2001); they are to be contrasted with initial and boundary conditions that figure in particular applications, explanatory or pragmatic, within approximate instantiations of such theoretical domains, termed here real domains; given the approximate instantiation of the model reality in question. Successful applications require, of course, that the real domain where the hypothesis is applied meets its VC. Thus on the semantic but also realist conception of hypotheses, an hypothesis is about a  class of models of "phenomena" - whether stationary, dynamic, or both - within both its theoretical and real domains. In physics, the "phenomena" corresponding to the above indicated hypotheses are, respectively: entities and their relations, distributions, correlations, things like thermal systems, fundamental interactions, and symmetric-structures. 

    There are thus two aspects to a domain: (1) A class of models of phenomena which may, however, contain sub-classes; classes of models of distinct types of phenomena, e.g. electric and magnetic phenomena. The size of the overall class determines the scope of the hypothesis, termed here its integrative generality. In physics, such classes generally contain but a single member, meant to have a plethora of instantiations, e.g. as in the case of entity hypotheses, distributions, a particular correlation, particular thermal systems, and particular symmetries. However, the classes associated with domains of foundational theories have a plethora of members, for although such a theory is primarily about one, or few, of the four known fundamental interactions, it is also meant to give an approximate account of hypotheses of lower theoreticity that are in part reducible to it (no reductions are ever complete, sect. E). The domain of such a theory, therefore, would include classes of models of those hypotheses, if only classes of approximations of those models (e.g. Newtonian theory encapsulates models that are approximations of models of Kepler's laws). Approximate instantiations of members of classes of models of scientific hypotheses are thus found in their real domains; domains that are often deliberately produced and quasi-isolated under experimental conditions for purposes of enquiry. (2) The second aspect to a domain is its expanse, i.e. the extent of the reality that "encapsulates" the scope of the hypothesis. The VC attendant with the hypothesis broadly specify and demarcate that expanse, which is its legitimate projective arena, termed here the projective generality of the hypothesis. Given a sequence of comparable hypotheses, projective generality refers to the comparative extent to which their ability to account for their respective scope of phenomena is invariant across their common model reality; and hence to the comparative extent to which they are in principle applicable, hence in principle projectable, across a realised version of that reality. Thus the two aspects of a domain of an hypothesis, in a sequence of comparable hypotheses, are its comparative extent of scope or its integrative generality, and its comparative extent of  projectibility or its projective generality.
      In so far as an hypothesis might refer to approximate realisations of its theoretical domain in an instantiation of its model reality, it would thus refer to, and hence represent, a restricted part of that instantiated reality, termed above the real domain of the hypothesis. A real domain is meant to encompass both actual and potential realisations of the class of phenomena of its theoretical counterpart. An hypothesis is meant to hold, or hold approximately, in such instantiated domains, and hence be applicable (projectable) in them. There are thus two notions of domain in use here, a theoretical and a real domain, each with its two aspects (class of phenomena and expanse of reality encapsulating that class). If the term domain is used solely qua theoretical entity, then it is specified as such. Otherwise the term is meant to refer either to a real domain, or to both theoretical and real domains, with the context hopefully clarifying the usage. Moreover the term may be used to refer to one, or the other, aspect of a domain, or to both of its aspects (integrative and projective generality). Hopefully this too will be clear from the context. The expression 'wherever and whenever that domain is realised' stands in for wherever and whenever the VC demarcating that domain are realised. 

   The validity of an hypothesis is thus condition dependent; hence so is its applicability, whether explanatory or pragmatic; we may thus expect hypotheses to be applied successfully only within their respective real domains, where their VC are met. But the VC may or may not be known; in some cases they may even be unknowable, in practice, if not in principle. The aim of testing an hypothesis is in part to reveal its VC. Moreover, applications outside laboratories are often directed at systems (or phenomena) which, whilst being within a milieu that meets the VC of the applied hypothesis, may be subject to external and internal factors not taken account of by that hypothesis. Those factors must, of course, be taken account of for better understanding, as well as for successful pragmatic applications. Thus better understanding and successful pragmatic applications require meeting a ceteris paribus (CP) clause, i.e. that the effects of all relevant factors which the applied hypothesis leaves out of consideration be either negligible (compared to the effects of the factors dealt with by the hypothesis) or they be taken account of independently. In brief, the CP clause reads: other things being negligible or taken account of - a clause that also figures importantly in tests of hypotheses. This clause differs, of course, from the standard one: other things being equal or unchanged. But neither the validity nor applicability of hypotheses depends on such clauses; they depend only on their respective VC. Thus whilst there are no CP hypotheses, the validity and applicability of all hypotheses are condition dependent; and only better understanding and successful pragmatic applications are also CP dependent, but it is not the standard CP. This is how the notion of CP, in respect of application (whether explanatory or pragmatic), and tests, of hypotheses, is understood here. But the notion is generally used in its standard sense in standard contexts. Hopefully the context will clarify the usage. [Generally the VC are better known in the physical sciences than in the special (psycho-social) sciences; and interfering factors are more easily discernable and taken account of in the physical sciences - either via experimental techniques, or by showing their negligibility to the system in question.] 
     The validity of hypotheses is thus domain specific. Nonetheless, in a sequence of comparable hypotheses near domains may overlap. Moreover, hypotheses in such a sequence relate or correspond in a variety of ways to each other, i.e. they have deductive (or reductive) interconnections  (sect. B). The interconnections indicate that in such sequences successors have wider domains than their predecessors: that the VC attendant with a successor carve out a wider domain than those of its predecessors. A successor is thus likely to have an enhanced projective generality, and hence we would expect it also to have an enhanced integrative generality, in comparison to those of its predecessors. The domains of the predecessors may thus be expected to be, in principle, subsumed, or encapsulated, within the domain of the successor; but not entirely subsumed, only in large part, because of the incompleteness of all reductions, because of Kuhn loss, etc. (sect. B). 

      However, notwithstanding that in a sequence of comparable hypotheses the domains of predecessors are, in principle, subsumed (albeit not entirely) by the domain of their successor, in effect the hypotheses remain virtually domain specific. The reason for this de facto domain specificity is that the successors' in principle validity in the domains of their predecessors has virtually no practical (applicatory) consequences: for the phenomena  successors are able to cover which their predecessors are unable to do, either do not occur or are undetectable in the domains of their predecessors - as with the velocity dependence of mass, covered by S.R., but undetectable in the classical domain. Thus the applicability of a successor in the domains of its predecessors is generally de facto dispensable. Thus generally the in principle upper bound of applicability of a predecessor [e.g. (v/c)2 <<1 for the classical domain) is the de facto lower bound of applicability of its successor (S.R.). Thus generally in a sequence of comparable hypotheses, an hypothesis is in principle domain specific (or domain bound) relative to its successor, and generally de facto domain specific relative to its predecessors. The hypotheses are thus in effect domain specific, notwithstanding the in principle validity of successors in much of the domains of their predecessors. The domain specificity of physical theories may be illustrated even with reference to a "final" theory, meant to be a theory of physical reality in toto. Such a theory would thus need to account  for the state of the physical world at an extremely high temperature that existed at time t0, near the Big Bang. But the theory would also be expected to account for its predecessors and in so doing its in principle validity would extend to the bulk of the domains of its predecessors. But given the cooling of the world and the accompanying rise of complex systems, and given the soundness of the incomplete reductionist thesis, its de facto applicability would be constrained by the temperature at t0 to the state of the cosmos at its beginning. The theory would thus in effect be domain specific, the domain being temperature bound, a view that may get round the time problem in quantum gravity (sect. I). [Admittedly, the above view does not fit the relation between standard Q.T. and classical theory, because the former, the successor, fails to give a clearcut indication of the conditions that would circumscribe its own validity, and thus fails to indicate the in principle lower bound of the validity of classical theory (h ( 0 does not follow from the formalism of Q.T., hence Q.T. cannot formally account for the apparent lower bound of the validity of classical theory). The boundary between the two theories is thus unclear, although practice indicates that we are in the classical domain in cases where h(/kT((1, where T stands for a radiation temperature (sect E).]        

     In a sequence of comparable foundational physical theories, we may have empiric indications as regards the upper or lower (or both) bounds of the real domain of a theory (i.e. as regards its upper or lower VC in its instantiated reality, e.g. (v/c)2 <<1 for the upper bound of classical theory), which on a realist view of the hypothesis constitute tests of the respective bound of its theoretical domain. Such indications give some idea of the comparative integrative generality (scope) of a theory, i.e. of its overall comparative performing capablity. But at any particular time we are only in posession of its comparative performance in tests hitherto (more on this expression below). The term performance is used to signify such performance hitherto, generally taken to be indicative of its overall performance capability. Now it will be suggested (sect. B) that within the available performance of a theory, we may be able to discern distinct empiric indications regarding the comparative extent to which that performance (and thus possibly its overall performance) is invariant across physical reality, and hence regarding the comparative extent of the theory's projectibility across that reality, i.e. regarding its comparative projective generality. Thus performance refers to comparative empiric performance hitherto, presumed to be indicative of comparative integrative generality; and projectibility refers to a theory's comparative extent of projectibility (the empiric indications of which may be discerned in its performance), i.e. to its comparative projective generality. Note that one would intuitively expect the two aspects of the domain of a theory, its integrative and projective generality, to go hand in hand, i.e. that extent of integrability would correlate with extent of projectibility.     
3. The domain of an hypothesis and truthlikeness (Tr):    

    Given that there are two aspects to the domain of an hypothesis, Tr is best thought of as a composite of two components in respect of those two aspects, its integrative and projective generality; an idea which mimics the view that in the evolutionary context epistemic fitness of a bit of representational knowledge could be a composite of its fitness in respect of two aspects, scope and projectibility, in relation to the relevant niche (sect. A). But scope and extent of projectibility are expected to go hand in hand. Hence an indicator of Tr in respect of the latter could also be an indicator of Tr in respect of the former, and vice-versa (sect H). 

4.  Truthlikeness of a foundational physical theory:

   A theoretical model, or possible "world", of a foundational physical theory, is taken to comprise its nondynamical structure (manifold & metric), and one of its particular solutions, obtained with the help of its dynamic structure (equations of motion) plus auxiliary conditions (Stachel,1993); only in G.R. is the metric generally regarded to be part of the dynamic structure (sect. F). A prediction of a foundational theory, being a particular solution of the theory, is thus for, or constitutive of, one of its theoretical models; and a prediction arrived at via an approximation method is for, or constitutive of, one of its approximate models. But a theoretical model could also be a simplified or approximate version (solution) of a theory, which would be more convenient for application purposes. Now a theory is timelessly (spacetime independently) true of its theoretical domain, i.e. of the sum total of its theoretical models which make up its integrative generality, and this truth is invariant across the other aspect of its theoretical domain, i.e. across the expanse of its reality that determines its projective generality. But such a theory could be, again timelessly, truthlike in relation to the true theory of its reality, in virtue of a "similarity relation" it might have with that true theory. The question addressed here is whether, and how, in the case of foundational physical theories, what could be the source of their timeless Tr in relation to the true theory of physical reality at its beginning, could also be the source of their posited Tr vis-à-vis realised approximations of their theoretical domains, i.e. vis-à-vis  their real domains. 

     For a sequence of comparable foundational theories satisfying the CC (see below), Tr is characterized here by the expression symmetric-structure-likeness, in relation to the true symmetric-structure (see below) of the posited true target theory; with the likeness relation referring to likeness of common symmetric form (suggesting continuity), as well as to likeness of  uncommon symmetric content, i.e. of uncommon extent and kind (not least because symmetricity is theory context dependent) of symmetricity (suggesting a discontinuous stepwise approach to the true symmetric-structure and thus to the true theory); with individual symmetries constituting components of the truthlikeness of their embedding theory.
5. An invariant truthlike relation: 

    A relation - e.g. x(t) within some interval of t - the truthlikeness of which is invariant across the entire spatio-temporal interval implicated by the relation. 

6. Tests and applications: 

      In line with practice, tests are distinguished from applications, whether explanatory or pragmatic. (The distinction between tests and explanatory applications may on occasion seem blurred, because the outcome of a test may lead to an explanation, in that it may indicate that the tested hypothesis forms an account of the phenomenon against which it has been tested - as in the case of Eddington's test of general relativity against the phenomenon of light's gravitational deflection.) 

     (a) Test-interval: a spacetime interval in the domain of an hypothesis, implicated by a prediction or retrodiction drawn from it, in order to test it; alternatively, an interval of the particular spacetime of an hypothesis, implicated by the initial final and boundary conditions involved in any of its tests. A test-interval may be thought to consist of a finite set of spacetime "points", which may be called "instants", for which testable predictions of the hypothesis can in principle be had. We thus project hypotheses in their tests, across their test-intervals. (The time-element of a test-interval may be of the order of nano-seconds or of light years.)      

     (b) Test-phenomenon: a relatively simple, quasi-isolated, stationary or dynamic phenomenon, encapsulated within a test-interval. In the physical sciences such phenomena are generally produced under controlled laboratory conditions, but nature provides some as well, e.g. the solar system.

     (c) Application-interval: a spacetime interval implicated by a prediction, or retrodiction, drawn from an hypothesis, in order to apply it for pragmatic, or explanatory, purposes, respectively. We thus project hypotheses across such intervals in both pragmatic and explanatory contexts.

     (d) Valid tests (or valid empiric control, or valid empiric access, etc.): The minimal requirement for the possibility that an apparently distinct test of an hypothesis be valid is that it could effect contact across the test-interval, between the singular hypothesis tested and the test-phenomenon.     

     There are two problems, in particular, which independently challenge the validity of most tests; and they arise in all tests of  foundational physical theories: the projection, or underdetermination, of such a theory across its test-intervals, and model mediation between the theory and its test-phenomena. The former challenges the validity of the posit that, in an apparently distinct test of a theory, the theory confronts the test-phenomenon singularly, thereby casting doubt on whether the test is indeed distinct; the latter challenges the validity of the posit that contact between the theory and the test-phenomenon is possible, even if that theory were the only one confronting that phenomenon, thereby casting doubt on the validity of the test even were it to be distinct. This study suggests, however, that, consequent to standard methodological practices, the projection problem may be resolved in tests of foundational theories, via rational deductive-empiric means, and that consequently the model mediation problem may also be resolved, or at least mitigated; a possibility that renders the scientific realist case much more tenable.
7. Embed: 

    The term is used here not in its formal topological sense, but merely to indicate the intrinsic character of a trait or element of a theory, i.e. to indicate that the trait or element is an integral part of the theory. Thus a symmetry of the formalism of a theory is regarded to be embedded in that theory, since it forms an integral part of it.
8. Equivalence class  

    This term is again used here not in a formal set-theoretical sense, but only to indicate a class of items, e.g. a class of spacetime points, which a theory embedded symmetry suggests are empirically equivalent, in respect of, or from the perspective of, the theory; and hence the items are meant to be empirically equivalent within the domain of the theory.
9. S(T): the symmetric-structure, or symmetricity, of a theory T: 
    The composite of distinctly and validly testable invariant, and non-invariant, structural traits embedded in a theory. Such traits are consequential to the theory's formalism being form invariant, and form non-invariant, under diverse groups of transformations; invariances and non-invariances that lead to distinct testable consequences on the part of the theory. S(T) also includes testable invariants encapsulated in the theory, e.g. c and h. S(T) (real) refers to a posited objective counterpart of S(T), in a realised domain of T; it is here taken to be the most basic aspect of an '… abstract structure as represented for us by the mathematical structures of theoretical physics' (Redhead, 2001, p. 89).

10. Hitherto:

    Depending on the context, the term is used here either in its ordinary sense, or, more generally, in relation to tests, in the sense of designating the spatio-temporal expanse implicated by the instants of observation within all the test-intervals of an hypothesis that have been used in its tests, so far. Thus outcomes of tests "hitherto" means outcomes of tests at such spread of instants. Generally, the spatio-temporal expanse of such spread of instants is miniscule compared to the expanse of test-intervals, and a fortiori compared to the expanse of application-intervals, and, of course, compared to the expanse of the entire domain of the hypothesis.
11.  Corroboration and corroborative success:  

     Popper's notion of 'degree of corroboration' is meant to be an outcome of the current state of a 'critical discussion', regarding the comparative standing of a set of competing hypotheses, '... from the point of view of ... their nearness to the truth (verisimilitude). ... degree of corroboration is not, however, a measure of verisimilitude (such a measure would have to be timeless) ...'. (Popper, 1977, p. 282) Thus, '... it is nothing but a measure of the degree to which a hypothesis h has been tested, and of the degree to which it has stood up to tests.' (Popper, 1977, p. 415) Accordingly, assessments of competing hypotheses are thought to be based on comparative 'degrees of corroboration'; outcomes of current critical discussions. Corroboration is thus temporally, and hence also spatially, indexed. However, in physics at least, it is possible to be more specific and closer to actual practice in describing assessments: subject to the competing hypotheses satisfying some common set of constraints (see below), their assessment, with respect to what is generally regarded to be truth approximation, is governed by their comparative empiric adequacy as revealed in tests hitherto by the limits of that adequacy - e.g. (v/c)2 <<1 for Newtonian dynamics. Thus the term adequacy limits refers here to the hitherto detected limits of empiric adequacy; limits which it is supposed give an indication of the VC of the hypothesis in question, i.e. an indication of the bounds of the domain of the hypothesis. The most truthlike hypothesis of a sequence of comparable hypotheses is thus thought to be the last one in the sequence, the adequacy limits of which are as yet not fully known, either because it has as yet not experienced refutations - or, at any rate, we are not aware of any - that would suggest such limits, or because there is as yet no succeeding hypothesis that would suggest those limits, or both.  Thus, ceteris paribus (in its ordinary sense), perceived comparative empiric adequacy, thought to reflect comparative truthlikeness, takes precedence in assessments of physical hypotheses over other considerations, e.g. relative explanatory accuracy in relation to this or that phenomenon, convenient applicability in explanatory and/or pragmatic contexts, etc. The term corroborative success is used here to indicate success achieved in tests hitherto, where comparative success is indicated by hitherto detected comparative empiric adequacy. Corroborative success is to be contrasted with explanatory success, achieved in explanatory applications, although one would expect the two to go hand in hand. 

    Empiric adequacy hitherto (or performance hitherto) is generally posited to give an indication of the comparative overall performance of an hypothesis as regards both its integrative and projective generality - the two aspects of its domain. Corroborative success hitherto, being linked to empiric adequacy, is thus also posited to be indicative of both aspects of the domain of the hypothesis. This may also be seen from the following considerations. Corroborative success is success achieved hitherto in tests against phenomena confined to test-intervals, where the phenomena and the test-intervals form parts of the two aspects of the real domain of an hypothesis. Corroborative success is thus based on outcomes of tests against a very small sample of the scope of an hypothesis, i.e. of its integrative generality, a sample confined to an infinitesimal part of its projective generality. Tests are thus both partial and local. The locality of tests means that corroborative success, like Popper's corroboration, is spatio-temporally indexed. It is, however, an indexation that points to both the partial and local character of the success. Nonetheless, it is generally and projectively supposed that this success is uniform, or invariant, across both aspects of the real domain of the hypothesis, and consequently that it is indicative of the extent of both aspects of the real domain of the hypothesis, i.e. of its integrative and projective generality. The supposition amounts to the posit that corroborative success has projective import, notwithstanding its spatio-temporal indexation. 
    Thus the notion "corroborative success" differs from Popper's notion of "corroboration": the latter is linked to outcomes of "critical discussions", whilst the former to directly observed outcomes of measurements. The term "corroboration" is generally used here not in Popper's sense, but in the sense of "corroborative success", as indicated by hitherto detected empiric adequacy. This usage holds in relation to all hypotheses. Hopefully the context will make it clear just which sense of the term is involved. However, the term 'falsification' is used in its standard Popperian sense. The implication of the distinction between "corroboration" in Popper's sense and "corroboration" in its present sense may be more significant than is immediately apparent. For notwithstanding that both notions are spatio-temporally indexed, and therefore both have prima facie no projective import, it is suggested here that corroboration, in the sense of corroborative success, of at least the foundational physical theories, does (or may) have legitimate (from the viewpoint of the critical rationalist outlook) projective import, because that posit has (or may) have a deductivist-empiricist underpinning (sect. B).      

    Popper's stance on falsification is in accord with general practice, but his stance on corroboration is clearly not, because scientists do project hypotheses for both explanatory and pragmatic aims, within the bounds of what they take to be their real domains. And in so doing, they treat corroboration to have limited projective import. This study suggests, however, that in the physical and biological sciences they may have good rationales (see below) for regarding corroboration to have such import, and hence they may have good rationales for their projective practices.  

    Our projectivist intuition (as well as evolutionary considerations, sect.A) suggests that the greater the "catch" of an hypothesis, or the greater its integrative generality, the greater ought to be its projectibility, or projective generality, and vice versa. Thus our intuition suggests that in a sequence of comparable hypotheses the comparative extents of their two generality traits ought to go hand in hand. But could these distinct traits be under distinct critical empiric control, i.e. could they (or their indicators) be discerned distinctly in the corroborative success of an hypothesis, giving us some empiric indication of whether our intuition is sound? This study explores that possibility as it relates to foundational physical theories and considers its would be consequence: that our projectivist intuition as it relates to these theories - and perhaps as it relates to all hypotheses in part reducible to them, thus as it relates to the physical and biological sciences generally - could have a critical rationalist underpinning.        

Notes: 

     (1) Given some conceptual adjustments, all of the above concepts - domain, integrative generality (scope), projective generality, performance, empiric adequacy, corroboration (in either Popper's sense, or in the sense of corroborative success), and falsification - are applicable to theory embedded symmetry hypotheses, notwithstanding their structural character. This is because such hypotheses engender on the part of their theory distinct predictions of distinct effects, which acquire quantitative expression in their theoretical context. Hence the distinct testability of most theory embedded symmetries. For example, the term "performance" in relation to a theory embedded symmetry hypothesis takes on the sense that its scope, which is its consequential testable effect, e.g. energy conservation, obtains in the domain of its theory, and hence so could its referent obtain in the form of a symmetric-structure - the equivalence of all temporal locations - with respect to, or in the light of, its theory (sect. B).    
    (2) The term "empiric adequacy" is linked here to adequacy limits actually detected hitherto. Thus conjectural and projective judgements about the comparative overall empiric adequacy of a sequence of comparable hypotheses is based on their comparative adequacy limits, as detected hitherto. This differs markedly from van Fraassen's 'empirical adequacy', which is linked to '... limits of observability...', where those limits are meant to be explicated by the science of the day, itself taken to be but "empirically adequate". Thus the 'limits of observability' are not '...the mere factual limits to what has been observed...'. (Fraassen, 1985, p.. 296)     

    (3) Notwithstanding the partial and local character of tests, criteria for comparative overall testability, and for comparative overall corroboration, are possible (Popper, 1972). Obtained comparative corroborations are likely to be a good indication of comparative overall testability and corroborability.
12. An apriorist stance, or apriorism: 
    The view that some set of concepts or ideas or principles of whatever source, e.g. a particular geometry, a particular form of simplicity, etc, are valid apriori (not requiring empiric authentication) for whatever purpose (e.g. for making rational scientific sense, either of an objective reality or of our phenomenal experiences of it or both), notwithstanding their in principle empiric refutability. An apriorist stance can be held in respect of concepts, ideas, principles, etc, however accounted for or of whatever origin; it is to consider those items to be incontrovertible come what may, contrary to their in principle empiric refutability. Thus Kant (or the way he has generally been understood - sect. A) held a particular set of such notions, for which he gave a "transcendent" account, to be part and parcel of our rational faculty, and hence to be valid apriori for effecting a science, but only of our phenomenal experiences, not of objects 'in and of themselves'. In contrast, to hold a methodologial tool, e.g. modus tollens, the probability calculus, etc., to be valid apriori, qua rational norm (for, for example, delivering, or assessing, or both, of scientific knowledge), is here not regarded to be an apriorist stance, because methodological tools are in principle irrefutable. Such norms are freely chosen, but this freedom need not be uninformed by rational, empiric, as well as ethical considerations; indeed it generally is so informed, e.g. about whether the norm is capable of delivering rational explanations.
 However, notwithstanding this crucial difference between concepts, ideas, principles, etc. (in respect of which an apriorist stance is possible), and methodological tools (in respect of which an apriorist stance is not possible), the use of either for whatever purpose, implicates, implicitly if not explicitly, a metaphysical realist posit, either about the reality in question or about our minds or both, e.g. Kant's stance implicates a metaphysical posit about our minds, as well as about reality: that it is unknowable 'in and of itself'.    

13. A good rationale (or reason, or indication): 

    The term good rationale signifies an inconclusive, non-justificatory, reason, vis-à-vis an hypothesis; a reason based neither on an inductivist nor apriorist stand, but rather on critical scrutiny via valid tests. Thus in Popper's outlook, an inconclusive hence tentative falsification of an hypothesis about its purported real domain, at an instant or spread of instants of a test-interval in that domain, may be taken to provide a good reason for supposing that the hypothesis is false of that purported domain, and a fortiory of any wider domain, across its entire reality. Thus inconclusive falsifications are treated as if they were conclusive (in line with Popper's stress on the unavoidability of non-arbitrary conventional decisions); and on grounds of logic, they are taken to have projective imports. In contrast, a Popperian corroboration is not meant to have projective import, hence neither predictive nor retrodictive import. Thus Popperian corroborations are not meant to provide a good reason for projectibility, not even for the projectibility of an hypothesis within its domain. Nonetheless, one may interpret a corroboration, based on a valid test of an hypothesis at an instant or spread of instants of a test-interval in its domain, to constitute a good reason for supposing that the hypothesis has got the test-phenomenon more or less right at that instant or spread of instants - and within limits of experimental error. We would thus have a good reason to suppose that the phenomenon occurred at that instant or spread of instants, more or less in a manner in which the hypothesis suggests it should have done. But since corroboration has no projective import, it gives us no good reason to suppose that the hypothesis could get that phenomenon right at instants other than that in which it did get it right; whether those other instants be in the future or in the past of the instant in which it did get it right. Hence corroborations could not constitute to be good reasons for supposing that an hypothesis could be truthlike about any class of phenomena, across any part of its reality, other than about the phenomena at the instants in which it has been corroborated. Popperian corroborations are thus of no help in exhibiting a domain in respect of which an hypothesis might be truthlike; in contrast to falsifications, which do help exhibit the bounds of the real domain of the hypothesis, i.e. the bounds of some restricted part of its purported domain; a part in relation to which the hypothesis could be truthlike in virtue of having a similarity relation to the true theory of its reality. But if that idea were to be sound, then corroboration could be indicative of that truthlikeness, which could account for it, and hence it could have projective import in respect of the real domain of the hypothesis. 

14. The Common Constraints (CC) operating on foundational physical theories, 

                                  or the guiding context of physics:

          (1) Coherence: A foundational theory must satisfy the requirements of: (a) internal coherence (consistency); and (b) external coherence: that it "recover" its predecessors, theories and/or laws, i.e. that there be some formal and empiric indications that the predecessors could be approximations to the theory, and hence that their domains could be sub-domains of the domain of the theory. The latter requirement suggests that the theory can give an "account" (make sense) of its predecessors, and of their limited successes; notwithstanding its incompatibility with them. (Post, 1971).      

          (2) Parsimony: Theoretical economy, or minimum formal structure for a given explanatory task. Parsimony is engendered by the following practices: (a) use of a particular mathematical language, e.g. a particular geometry; (b) imposition of simplicity criteria or constraints, e.g. paucity of adjustable parameters; (c) imposition of symmetries. This latter practice engenders parsimoniousness because it suggests that one and the same theory is adequate across the entire equivalence class of items (e.g. spacetime points) selected by the symmetry. Symmetries are thus of the genre of simplicity criteria.   

(3) Hamilton's Principle (HP) - or some equivalent variational principle.
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� This view is to be contrasted with that of van Fraassen (2002, p.61): 'Being or becoming an empiricist will then be similar or analogous to conversion to a cause, a religion, an ideology … If I am right, all the great philosophical movements have really been of this sort, …'. Thus apparently neither reason nor experience had a role in past choices of  philosophical stances, nor should they have in future choices; there is thus no reason for choosing the empiricist stance.





