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B. The projection problem and the symmetries of physicsPRIVATE 

Since so many arrangements lead to the same numerical outcome, I could not readily say which exists, except that on account of the unceasing agreement of the computation and the phenomena I must believe it to be one of them.

N. Copernicus

A logical conceptual system is physics insofar as its concepts and assertions are necessarily brought into relationship with the world of experiences. Whoever desires to set up such a system will find a dangerous obstacle in arbitrary choice (embarras de richesse).

A. Einstein

The existence of this infinite set of possible explanations ... spelled ruin for any attempt at a positive solution to the problem of induction. 

C. Howson and P. Urbach

... every discovery of structure enables us to diminish the minimum vocabulary required for a given subject matter. 

B. Russell 

This requirement of simplicity is a bit vague, and it seems difficult to formulate it very clearly. It seems to be intimately connected with the idea that our theories should describe the structural properties of the world... 

K. Popper

Such an asymmetry of the theoretical structure, to which there is no corresponding asymmetry in the system of empirical facts, is intolerable to the theorist.

A. Einstein

... [symmetries] serve as guides in our search for as yet unknown laws of nature.

E. Wigner

... the laws [of physics] themselves are, at least to very good approximation, invariant under time translation - an invariance which provides the deepest factual basis for the conformity of the future to the past.

 A. Shimony

 Further progress lies in the direction of making our equations invariant under wider and still wider transformations.

 P. Dirac

 Theory is not the same as dogma. It is how the disciplined intellect responds and adapts itself to facts of experience... [i.e.] to entities that have been invented out of experience but are not themselves experienced.       

 D. Park
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1. Introduction
Physical knowledge comes in the form of hypotheses, distinguishable according to their domains or intended referents:  

A. Hypotheses regarding entities and their accompanying relations or structures: 

(a) Hypotheses regarding entities, i.e. the constituents of matter (in the form of particles), or of radiation (in the form of fields), and hypotheses regarding systems composed or composable of entities, e.g. protons, atoms, molecules, thermal-systems, electromagnetic fields, etc.. Entities are generally taken to be real in a substantive (mass or energy) sense. However, apparent individual entities may be as yet unknown systems; they may have an as yet unknown internal structure; and systems may figure qua entities, or elements, in relation to larger systems. Substantive entities and systems are specified by their characterizing traits - perhaps potential traits, in the quantum context. The specification is done with the aid of concepts such as mass, charge, spin, "color", wavelength, etc. However, the meaning of such concepts may depend on their theoretical context, which also defines the notion of state with reference to entities and systems in that context. 

(b) Hypotheses regarding heuristic fictional entities, such as reference systems. 

(c) Hypotheses regarding relations or structures between entities, e.g. spacetime (geochronometrical) structures, or invariant (symmetric) structures (see E, below), etc. Such structures may be regarded real in a derivative sense, i.e. as being but objective concomitants of  entities and systems, under certain conditions. 

B. Hypotheses regarding distributions, which may also be regarded real in the above derivative sense, and which may or may not have theoretical accounts.

C. Hypotheses about  apparent law-like correlations between two or more characterizing traits of quasi-isolated particular kinds of systems, such as Kepler's laws, Rydberg's law, the phenomenological law of thermodynamics, etc; such correlations may again be regarded real (or truthlike) in the above derivative sense. 

D. Theories, like laws, are also meant to express law-like correlations, or law-like functional relations, but they nonetheless differ significantly from laws. They divide into two sorts. 

(a) Non-foundational theories: those that are akin to laws, in that they are about giving a description of particular kinds of systems, but differ from laws in that they often also form an account of the laws of their systems, as in the case of statistical mechanics forming an account of the laws of thermodynamics.

(b) Foundational theories: those that are about giving an account of one or more of the four known fundamental interactions: gravity, electromagnetism, and the weak and strong nuclear interactions. The following theories are either foundational theories or they form parts of such theories: Newtonian dynamics, Newton's theory of gravity, Maxwell's equations, classical electrodynamics, special relativity, general relativity, quantum theory, relativistic electrodynamics, non-relativistic quantum electrodynamics, relativistic quantum electrodynamics, quantum flavordynamics, electroweak theory, quantum chromodynamics, and the standard model. Foundational theories are not directly about giving an account of particular kinds of systems, but rather about giving an account of dynamic phenomena or processes (stationary phenomena being but special cases of such processes), thought to be engendered by one or more of the fundamental interactions; phenomena which may take place well outside the phenomenal level. Thus we get to know about the fundamental interactions via the phenomena they are thought to engender, whether outside or inside the phenomenal level. Foundational theories are therefore also about giving accounts of hypotheses of lower theoreticity, such as non-foundational theories and laws, which codify phenomena on the phenomenal level. However, the mathematical formalisms of such theories are thought to provide only a description of the way in which states of entities or of systems might evolve or transform under the impact of one or more of the fundamental interactions; transformations which constitute the phenomena to be explained. Hence the need to interpret the formalisms if their explanatory function is to be met. Whilst, moreover, it is generally the case that in tests of such theories it is the formalisms that are thought to confront reality rather than our interpretations of them, to effect such confrontations - and a fortiori to effect applications, whether explanatory or pragmatic - requires at least some interpretation.
 And finally,

E. Hypotheses about specific symmetric and asymmetric structural features of a theory's or  a law's domain, i.e. hypotheses about equivalence and nonequivalence classes in such domains. Hypotheses of this sort are embedded in a theory or law, consequential to the theory or law being either form invariant or form non-invariant under specified transformations. A theory or law may also encapsulate invariant quantities such as c and h, which may be regarded to be symmetry hypotheses. Symmetric and asymmetric structures, implicated by symmetric and asymmetric hypotheses, may also be regarded real in the above derivative sense.    

The chief concern of this study is whether foundational theories could be interpreted realistically or objectively, i.e. whether they can be regarded to be truthlike about their respective domains, in a way that would suggest, and thus give an account of, the posited truthlikeness (Tr) of hypotheses of lower theoreticity (such as those above, including non-foundational theories), i.e. hypotheses that are either encapsulated in them, or are otherwise linked to them. The formalism of a foundational theory satisfies the CC - Coherence (internal and external), Parsimony (theoretical economy), and Hamilton's Principle (HP) - and consists of two distinct mathematical structures: one non-dynamic or absolute, meant to provide a representation of physical structures that do not themselves participate in the dynamics of phenomena but form their "arena", e.g. a spacetime structure;
 and one dynamic, meant to yield a representation of the sources of the dynamics of phenomena, e.g. a set of field equations, or some expression characterizing the interaction the theory is about, such as Newton's characterization of the gravitational interaction in terms of an action-at-a-distance force law. Only in general relativity (considered in sect. F) are these two types of structures generally regarded to coalesce into one dynamic structure. Nonetheless, even in pregeneral-relativistic physics, the two constituents of the formalisms of foundational theories comprise integral units, tested en-bloc.   

Now the relation between comparable predecessor(s) and successor foundational theories is characterized by numerical, formal (mathematical), and conceptual correspondences (Radder, 1991; Redhead, !975). The correspondences are, however, incomplete. Consequently, successor theories are incompatible with their predecessor(s) - in at least their apparent ontic implications. The reducibility of predecessor(s) to their successor is, therefore, necessarily incomplete (sects. E and I)
. Mutatis mutandis as regards the relation between a theory and its predecessor laws. Although incompatibility between successor and predecessor(s) does not rule out the possibility of objective (truthlike) progress, it does raise the question of just how such progress could have come about. Of course, rival incompatible hypotheses, satisfying some common theoretic constraints, are comparable for their hitherto observed relative empiric adequacy. But such comparisons cannot suggest the possibility of objective progress without running up against the induction/apriorist dilemma. If inductivism and apriorism are both eschewed, then to exhibit the possibility of objective progress in a sequence of rival incompatible theories requires a common thread in the sequence; a thread that would (or could) be under distinct critical empiric control, and which could suggest the possibility of objective progress independently of progress in the sense of hitherto observed empiric adequacy, or corroborative success.

Formal routes to exploring the possibility of truthlike scientific theories have concentrated on analyses of such theories, qua one or another kind of formal structure (Balzer, Moulines, Sneed, 1987 and Suppe, 1989); or on attempting to explicate the notion of Tr itself (Brink, 1989, Kuipers, 1987, and Niiniluoto, 1998). But even should such formal approaches be deemed successful, they could not indicate just how truthlike theories could have come about consequential to standard methodological practices. Whatever merits formal approaches may have, the difficulty of linking their results with both what is actually there in the sciences and with praxis is a major drawback. Are outcomes of analyses of expressions cast in a simple formal language at all relevant to scientific hypotheses? Be that as it may, the present approach focuses on the salient common feature of foundational physical theories - their similar (in form) but also diverse (in content) symmetric-structures - in an attempt to show the possibility that the development of physics instantiates objective progress. This approach, however, requires taking on board the view that the evolutionary process gave rise to two sorts of human faculties. The utility of the first sort - e.g. observation and visualization - is chiefly tailored to immediate adaptive needs. The utility of the second sort - i.e. reason and imagination - is clearly not so restricted. This would suggest that the two sorts of faculties, operating jointly, could have effected deep objective knowledge, unrelated to immediate adaptive needs. It follows that to equate the "knowable" with the "observable", à la most versions of empiricism and positivism, and to delimit our view of what might exist to such "knowability", is seriously flawed. Observation, along with visualization, are indeed indispensable tools in the acquisition of knowledge, but the outcomes of this process may "see" much deeper than those tools would suggest. In the light of this possibility, we may expect that our attempts to make sense of deep theories solely with the aid of ordinary notions, intimately linked to our limited observability and visualisibility, should run into problems. For whilst the descriptive efficacy of such notions may be appropriate for the miniscule part of the universe in which our evolutionary and historical development took place, we may expect this efficacy to be minimal with respect to levels or scales of reality to which deep theories might refer. It is thus hardly surprising to find that we are led to realizations such as, '... we have transcended more than reconciled "wave" and "particle" conceptions.' (Teller, 1995, p.113) In respect of deep reality only a metaphorical use of ordinary concepts makes sense.

Whether the development of physics could lead to a well corroborated final theory, the domain of which is physical reality in toto in its state at or near the Big Bang, is not clear. But even if such a theory were available it could not give a complete deductivist account of the rest of physics, given the incomplete reductionist thesis. Nonetheless, the successes of the unifying program in physics are highly impressive. It seems likely that however physics may develop in the future, today's foundational theories will remain indispensable for making sense of experienced physical phenomena. The chief issue here is whether these theories are not just explanatory but also descriptive, from whence their explanatoriness may stem. Whether physical hypotheses of lower theoreticity, whose descriptive character is perhaps more easily arguable, should also be regarded explanatory, depends on just where the problematic descriptive/explanatory distinction is drawn (Pitt, 1988; Salmon, 1990).  

 Now in contrast to criteria for regarding posited entities real - e.g. the positivists' and empiricists' "observability",
 Hacking's (1983, Ch. 16) "manipulability", and Cartwright's (1986) "causal agency" - I take my cue about the possible Tr of hypotheses from the evolutionary context (sect. A). Accordingly, the Tr of a bit of knowledge may have to do with both its fitness as regards scope, termed here its integrative generality, and its distinct fitness as regards its projectibility, termed here its projective generality.
 Tr could thus be seen to be a composite of two components, in relation to the two aspects of the domain of an hypothesis, its class of phenomena and its expanse. Given this composite notion of Tr, I posit that in the evolutionary context natural bio-selection effects epistemic-selection  - on the assumption that truthlike knowledge is relevant for the bio-selection process; and that epistemic-selection operates concomitantly but distinctly on the two components of Tr in a manner that they become correlated, i.e. the better one, the better the other, and vice versa. It would follow in time that the most truthlike bit of knowledge will be most truthlike in the sense of both scope and projectibility. Thus if the method of science is to mimic natural selection in selecting increasingly truthlike bits of knowledge, then it would need to effect concomitant but distinct empiric control over the integrative and projective generalities of hypotheses. But this means that corroborative success would need to reflect such concomitant and distinct dual control. Thus if an hypothesis is to be regarded truthlike then we should have some indication (even if only apparent indication) of its distinct testability for its scope (or integrative generality) and for its projectibility (or projective generality, or extent of invariance of its performance as regards scope). Some projectibility or projective generality of an hypothesis - i.e. some spatio-temporal invariance of its performance as regards scope - is essential for its Tr. For without such projective generality, an hypothesis could not possibly be depicting an invariant truthlike relation - i.e. a relation, the Tr of which is invariant across the entire spacetime expanse implicated by the relation - and all hypotheses are attempts to do just that. Even hypotheses about entities are relational, in the sense that they presuppose the persistence without alteration of the entities, across the respective domains of the hypotheses. Thus if hypotheses are to be truthlike about their intended referents then they must be projectable across both aspects of their respective domains – class of phenomena, or scope, and expanse of reality "housing" that class; and that can only be had if their performance, in respect of that class, is invariant within the bounds of their domains. The notion of Tr thus presupposes projectibility or invariance. Hence the possibility of Tr requires the possibility of distinct empiric control over invariance. It turns out that the need for distinct deductive - empiric access to the invariance supposition is to effect the possibility of validating an otherwise invalid testing procedure, thereby positively selecting the hypothesis of interest, from a plethora of hitherto empirically equivalent, but aberrant, alternative hypotheses, which can in principle be constructed. The further effect of validating the testing procedure only in respect of the hypothesis of interest would be to validate the operation of customary negative selection on that hypothesis. This enquiry is thus about whether, in relation to foundational theories of physics, there might not be a hitherto unrecognized mechanism that could have effected the possibility of validating  their tests via deductive-empiric means, thereby effecting their positive selection from their in principle aberrant alternatives, whilst at the same time validating the operation of customary negative selection on them. To enquire into that possibility I turn to the projection problem as it arises in relation to scientific hypotheses. 

2. The problem and an attempt at its experimental resolution
How, and in what context, does the problem arise? It does so, of course, in the application of hypotheses for pragmatic aims; applications that involve the projection of the hypothesis across features of its domain, which unavoidably include a spatio-temporal interval within that domain. We may term such intervals application intervals. From a critical rationalist perspective, the problem may be characterized thus: implicit in the projection of an hypothesis across an application interval is the prima facie rationally illegitimate distinct supposition that the relation between the hypothesis and the bit of its spatio-temporal terrain encapsulated in the interval is invariant. Given this invariance we can retain the form of the hypothesis invariant in our projection of it across the interval. The invariance supposition licenses the projection of the hypothesis across the application interval without us having to alter its form across the entire interval. But, prima facie, the invariance supposition is rationally illegitimate, because, prima facie, it is not under distinct empiric control; and hence it can only be held on inductivist or apriorist grounds or both. Although the projection problem as it arises in pragmatic applications has been uniquely stressed hitherto, it clearly arises in exactly the same way in explanatory applications, notwithstanding that such applications are generally linked to the retrodictive use of hypotheses rather than their predictive usage. For an example one need only think of the explanatory application of physical hypotheses in cosmology. The problem as it arises in applications, both pragmatic and explanatory, could in principle be resolved, provided we had a method of bringing the invariance supposition under distinct empiric control across application intervals. But firstly we need a method for getting a distinct critical handle on the invariance supposition across any interval; and secondly, even if we had such a method, practical considerations rule out this in principle possibility, since application intervals are generally either too extensive or too remote from us or both. Thus the most that can reasonably be expected is that we provide a good, deductive-empiric based, account of the invariance supposition, and thereby a good, deductive-empiric based, rationale for pragmatic and explanatory applications or projections.  

Given that Popper's "solution" of the induction or projection problem is incapable of providing such a rationale - because Popperian corroboration has no projective import (Salmon, 1988, and Watkins, 1995 and 1996) - it appears that an inductive and/or apriorist based rationale is inescapable. However, there remains one approach of attempting to find a good rationale, which, to my knowledge, has not been explored hitherto. That approach stems from the realization that if such a rationale is at all possible then it must originate in the testing procedure. We need thus enquire whether that procedure provides a possibility for obtaining a distinct critical handle on the invariance supposition. That possibility appears to be indicated in some possible tests of some hypotheses. For example, consider testing a law by testing the correlation it suggests as follows: induce incremental  changes in the value of one of the quantities and monitor simultaneously the practically continuous effect such changes have on the values of the others. The induced changes implicate a time interval, and given the Earth's motion during that interval they also implicate a spatial interval. Thus tests of this kind could test concomitantly but distinctly both the performance or expressed correlation of a law, and the invariance of this performance, across an implicated spatio-temporal test-interval. This possibility may be illustrated in relation to Ohm's law, I = V/R, taken to express a relation between two states at different times: between I1 at t1, and I2 at t2. The transition from I1 to I2 could be effected by a practically continuous change in the value of V from that at t1 to that at t2, holding R constant. Thus by simultaneous and continuous monitoring of I and V during the transition, we could test concomitantly but distinctly the performance of the law across infinitesimal elements of Δt = t2-t1, and the invariance of this performance across Δt, the test-interval. Mutatis mutandis in the case of tests, however indirect, of some entity hypotheses, of some statistical distributions, etc. If we then regard such distinct tests of the invariance supposition across test-intervals to constitute a good rationale for the projectibility of the tested hypotheses across their respective domains (i.e. within the ambience of their respective validity conditions - see sect.1, part III.-2) then the projection problem in respect of such specific hypotheses appears to be resolved. What makes this apparent experimental resolution of the projection problem in respect of some hypotheses possible is this: neither a prediction nor a retrodiction needs to be drawn, in such cases, from the tested hypothesis, with the aid of initial and boundary conditions, because the hypothesis itself constitutes the prediction that is tested, i.e. the predictive content of the hypothesis is transparent to the naked eye. Given that no initial and boundary conditions, in the usual sense, are involved in extricating the prediction - notwithstanding that initial and final values are involved in such tests - the tested hypothesis is not projected across the test-interval but is rather tested across infinitesimal elements comprising the test-interval. Thus no projection problem arises in such tests. They may thus be termed projection independent tests. But theories are not and perhaps cannot be tested in that way, nor are laws generally tested in that way.
 More importantly, this apparent experimental resolution of the projection problem, in respect of quantitative hypotheses testable projection independently, is illusory. This result will become apparent below but the reason for it is already clear, i.e. such tests, being projection independent, are uninformative regarding a possible underpinning uniformity structure on which a critical empiric handle could be had, and which could thus provide a deductive-empiric-based account of the measured invariance of performance across the test-interval, and thereby a deductive-empiric-based rationale for the projection of the law across application intervals. The projection problem, therefore, resurfaces in relation to such intervals. Thus although hypotheses testable projection independently apparently meet the above criterion for being truthlike - i.e. the distinct testability of their performance and its invariance - the distinct corroboration of this invariance across test-intervals still has no projective import, because we have, as yet, no account of that invariance. Hence the above criterion for Tr needs to be seen as but a minimal requirement, or necessary condition, for an hypothesis to be possibly truthlike. We need to explore projection dependent tests, which suggest that the problem cannot be obviated without a theoretical input - as we shall see. 

Consider thus tests of hypotheses that do involve drawing predictions or retrodictions with the aid of initial and boundary conditions. In such cases a spatio-temporal test-interval is unavoidably "carved" out or implicated by the prediction or retrodiction, and the hypothesis is unavoidably projected (conceptually) across that interval. It is across such intervals that the initial state of the test-phenomenon is meant to evolve or transform into its final state, as indicated by the law or theory under test; but generally we cannot monitor the evolution, we monitor only the initial and final states. Such tests are thus unavoidably projection dependent and implicit in such projections we find the invariance supposition: that the form of the hypothesis requires no alteration across the interval, or, alternatively, that the performance of the hypothesis as regards its scope is invariant across the interval. Thus it is implicitly and prima facie illegitimately supposed that the relation between the hypothesis and the spatio-temporal terrain encapsulated within the test-interval is invariant. However, this study suggests: (1) that this projection problem, as it arises in the case of tests of the foundational theories of inertial physics, could have been inadvertently obviated, to an extent appropriate for each theory; (2) that this circumvention could have rationally legitimized theory applications, as well as applications of hypotheses mathematically linked to the theories, across their respective domains; and (3) that such legitimization could account for the successes of the applications. To get a picture of this possibility it is instructive to begin with Jeffreys' depiction of the projection problem in relation to both tests and applications of Galileo's law of free fall. His depiction illustrates the problem in relation to any quantitative hypothesis (Jeffreys, 1961, p.3).             

3. Jeffreys' depiction of the problem
Galileo's law states: (1) s = a + ut + 1/2gt2. This law could in principle be tested projection independently by taking the prediction to be the exhibited correlation. Thus no initial nor boundary condition need figure in obtaining the prediction. To test the correlation it would only be necessary to instrumentally observe the parameters (s, t) simultaneously and continuously (or incrementally) over infinitesimal elements of some interval (Δs,Δt). Jeffreys, however, considers projection dependent tests, which is the way most laws are generally tested. Thus he considers predicted values of s for a series of observations at the instants, t1, t2,...,tn, where the initial conditions for all the predictions are t0 = 0 and s0 = 0. Thus tn is the test-interval Δt, within which we have a series of predictions. Implicit in extracting the predictions is the supposition that the performance of the law holds uniformly across the interval and not just at the instants of observation. This conclusion arises because we could have drawn a prediction for any instant within the interval. Thus we implicitly suppose that the performance of the law, as indicated by its empiric adequacy, is invariant across the interval. We thus implicitly project the law across the interval. Now suppose that all observations at t1, t2,...,tn corroborate the law. Then, following Jeffreys, we tag on to the right hand side of the law the term: ' ... f(t)(t-t1)(t-t2)...(t-tn), where f(t) may be any function whatever that is not infinite at any of, t1, t2, ...,tn, and a, u, and g have the same values as in (1).' Jeffreys then, rightly, observes, 'An infinite number of laws agree with previous experience, and an infinite number that have agreed with previous experience will inevitably be wrong in the next-instance.' The 'next instance' is tn+1, which, according to Jeffreys ' ... might be either within or outside the range of time between the first and last of the original observations... ' [my italics]. Thus it is in principle possible to account for our observations at t1, t2,...,tn by an infinity of hypotheses, and assuming that Galileo's law holds at tn+1, all accounts other than Galileo's will get it wrong at tn+1, if tn+1 is outside the interval, and all those accounts would have gotten it wrong, if tn+1 were inside it. This leads Jeffreys to conclude that '...even if all the observed values agree with (1) exactly, deductive logic can say nothing whatever about the value of s at any other time.' The problem is which of the infinity of incompatible but hitherto (at the instants of observation, t1, t2,...,tn) empirically equivalent hypotheses, should be selected for predictive (pragmatic) and retrodictive (explanatory) purposes. On this, according to Jeffreys, '... deductive logic can say nothing whatever...'. The problem may also be expressed thus: There are an infinity of alternative and incompatible hypotheses to Galileo's law, all of which agree with our experience at t1, t2,...,tn, but the forms of which - the way in which s depends on t - differ radically from that of Galileo's law, not only in ' ...the range of time... ' outside the test-interval, but also within it. Thus the number of hypotheses capable of capturing our experience hitherto - or the number of hypotheses capable of forming an account of any outcome of any test hitherto - is in principle infinite, because the forms of these hypotheses, both inside and outside the test-interval, are radically underdetermined by the evidence. This result is a consequence of that, prima facie, we have no empiric control over the form of any hypothesis - our control is confined to the instants of observation. Underdetermination outside the test-interval generates a projection problem in respect of applications, whether pragmatic or explanatory. The problem being that we have no deductively and empirically grounded rationale for choosing Galileo's law for such projections in preference to its empiric equivalents hitherto; equivalents, whose  predictions and retrodictions diverge from those of Galileo's law. And underdetermination inside the test-interval generates a projection problem within the interval: the prima facie rationally illegitimate projection of the law across the interval.  This latter problem undermines the validity of the test, because it is not clear just which of the infinite possible hitherto empirically equivalent hypotheses, having diverse forms, has been tested, and hence it is not clear which of the hypotheses, if any, has been in contact with the test phenomenon. (Underdetermination inside the test-interval is also the source of the 'curve fitting problem' - see note 18.) Thus the hitherto observed performance of an hypothesis tells us nothing about the invariance of this performance across its test-intervals. The hitherto observed performance is thus uninformative as regards the projectibility of the hypothesis either across its test-intervals, or across application intervals. Not having empiric control over the form-invariance supposition, implicated by the projection of the hypothesis across its test intervals, we have no good rationale for its projection, either in its tests, or in its applications, whether explanatory or pragmatic.

A number of points are worth noting here:

(1)  The problem arose from the apparent lack of distinct empiric control over the form-invariance supposition implicated by the projection of Galileo's hypothesis across any spatio-temporal interval; 

(2) There can be no purely experimental resolution of the problem, whether via projection independent tests (as indicated above), or via test repetitions. For any results obtained via such means could also be obtained from Jeffreys' aberrant hypotheses. Indeed, the aberrant hypotheses can in principle reproduce predictions and retrodictions of any quantitative hypothesis, whether the predictions or retrodictions relate to test-intervals, or to explanatory and pragmatic application intervals: the aberrant hypotheses can reproduce predictions for any ti, whether ti be within or outside test-intervals. Thus they can reproduce both the hitherto observed and hitherto unobserved performance of Galileo's law; 

(3) The ability of the aberrant hypotheses to reproduce predictions is a consequence of allowing their form to vary arbitrarily across t, i.e. of adapting their form to whatever is required for reproducing predictions or retrodictions;  

(4) The possibility of a plethora of hypotheses capable of accounting for any outcomes of any test casts doubt on the validity of the testing procedure; and hence it also casts doubt on the validity of customary negative selection qua mechanism for the elimination of false hypotheses, since implicit in that stance is the supposition that tests are valid, that they effect contact between singular hypotheses and their test-phenomena.  

Jeffreys may have been the first to note that a projection problem arises not just in applications but in most cases also in tests, across test-intervals. At each instant of observation, the obtained evidence - whether held tentatively or incontrovertibly - stands in an equivalent relation to an infinity of hypotheses that differ not just about what they say reality is like outside their test-intervals, but differ also about what they say it is like within them. Jeffreys' solution is to select the simplest form invariant hypothesis, and to rationalize that selection with the aid of the Bayesian algorithm. The rationalization leads to ' ...a method of drawing inferences from observational data that will be self-consistent and can also be used in practice. ' (Jeffreys, 1961, p.vii) But, as indicated in sect. A, the Bayesian approach, indeed any form of probabilism, is a retreat from the Humean challenge, unless one resorts to a highly implausible posit: that the structure of all those domains of enquiry, which we wish to explore with the aid of the probabilist methodology, conforms to that of the probability calculus, notwithstanding that the calculus rests on a set of axioms external to the hypotheses about those domains. Alternatively: a probabilism attempting to meet the Humean challenge must presuppose that the axioms of the calculus hold in the domain in question, in order that the probabilification of hypotheses about that domain make realist sense. Popper's account of the desirability of simplicity is: 'Simple statements, if knowledge is our object, are to be prized more highly than less simple ones because they tell us more; because their empirical content is greater; and because they are better testable.' (Popper, 1977, p. 142)
 

Thus Popper's rationale for the selection of the simplest hypothesis is its presumed greater testability. The rationale appears plausible since it suggests that, ceteris paribus, simple hypotheses would allow nature a better say about them, when compared with their non-simple alternatives, which ought to lead to them having more empiric content. Selection based on simplicity would thus be in accord with the realist outlook. However, as Glymour (1980, p. 47) rightly points out, equating degree of simplicity with degree of testability (falsifiability) has as its consequence that, '...provided two theories have the same observational consequences, they will be equally falsifiable ..., and thus allegedly equally simple, even though one theory is economical and elegant, the other baroque and labyrinthine.' And, as we have just seen, there is an in principle possibility of not just one but an infinity of 'baroque and labyrinthine' theories with the same observable consequences as the one 'economical and elegant' theory. Popper's rationale for the preference of simplicity is thus on shaky ground, for, in the light of the underdetermination problem, it is not clear that simplicity does indeed lead to increased testability, or enhanced empiric criticizibility, and hence enhanced empiric content. Thus although Popper's proposal has the merit of being based on an apparently plausible effect of a trait of the hypotheses at issue, it turns out that that trait is, or may be, but a human desideratum. In any event, the preference for simplicity, qua paucity of adjustable parameters, leaves the underdetermination problem unresolved. 

Thus, as things stand, Popper's approach does not obviate the underdetermination problem.
 In particular, it does not meet Jeffreys' challenge: '... the simplest law is chosen because it is the most likely to give correct predictions; that the choice is based on a reasonable degree of belief; and that the fact that deductive logic provides no explanation of the choice of the simplest law is an absolute proof that deductive logic is grossly inadequate to cover scientific and practical requirements.' (Jeffreys, 1961, pp. 4-5) In an attempt to meet this challenge to deductivism I propose to enquire whether physicists themselves may not have stumbled upon a more objective resolution of the problem than that of Jeffreys' and Popper's. But for such an enquiry, the distinction, rooted in practice, between tests and applications, is crucial. For if physicists have indeed come upon such a resolution then this must have taken place in the course of testing hypotheses across their test-intervals, where empiric criticism is brought to bear on them. For whilst deductive logic can indeed have no direct bearing on the problem in applications, across application-intervals, it may have such a bearing in respect of tests, across test-intervals, and thereby have an indirect bearing on the problem in applications.

4. The problem and the foundational theories of inertial physics
Consider the problem as it arises in tests of foundational theories. Such tests involve a theory's projection across some test-interval, generated by the prediction or retrodiction extracted from the theory with the aid of auxiliary conditions. Implicit in such projections is the invariance supposition: that the performance of the theory is invariant across the set of spacetime points encapsulated within the test-interval - points coordinitised by a coordinate system associated with an inertial reference frame. Alternatively: the invariance supposition says that the relation between the theory and this set of points is invariant, and hence the points are empirically equivalent or indistinguishable in respect of the theory. The supposition sanctions keeping the form of the theory invariant across the set of  points of the test-interval. Thus spatio-temporal form-invariance of a theory expresses the supposition that the set of spacetime points within the test-interval are equivalent or symmetric in respect of the theory. But what empiric sanction is there for this symmetry hypothesis? On the face of it, none. Thus the in principle possibility of obtaining the same predictions as those drawn from the theory under test, from an infinity of alternative incompatible theories; theories constructed from the theory under test by simply varying its form across the test-interval. (Think, for example, of the variation across the test-interval of the 1/r2 dependence of Newton's gravitational force.) Thus it is in principle possible to obtain an infinity of apparently empirically equivalent but incompatible accounts of the outcome of any test. As Jeffreys has shown, the evidence radically underdetermines the theory, even within its test-intervals. The validity of its tests is thus in doubt because it isn't clear just which of the plethora of possible theories is being tested. And hence the posited direct link between the theory under test and the phenomenon against which it is tested, and from which the evidence comes, is also in doubt, and so is the authenticity of the apparent corroboration of the theory. Prima facie, therefore, the notion that the corroboration of these theories may be indicative of their Tr is on shaky ground. Notably, the semantic approach to theories doesn't obviate the projection (underdetermination) problem in tests, arising in the process of obtaining solutions (models) of a theory in order to test it, because Jeffreys' plethora of aberrant theories could in principle supply equivalent solutions to that obtained from the theory of interest. Thus it isn't clear just which of the infinity of theories the solution (model) satisfies. Alternatively, the solutions (models) could in principle have come from any of the empirically equivalent theories. 

Moreover, the semantic conception of theories points to the model mediation problem (sect. I), which, independently of the projection problem, challenges the view that apparent explanatory successes vis-à-vis complex phenomenological reality could be indicative of truth (or, from the present perspective, of Tr). The challenge is based on the idea that the posited link between a theory and complex reality is suspect, given that the theory's solutions hold only for, or are constitutive of only, its models.
 And the practices attempting to link those models with complex phenomena fail, or may fail, to accomplish the task. Thus whilst a theory is indeed true of its models, it is not, or may not be, true of real complex phenomena. However, even in test-situations (especially tests of 20th century physical theories, tests that involve complex instrumentation) the posited link between a theory and its test-phenomena is also suspect (whatever care is taken in the state preparation of the phenomena), given that the theory's solutions hold only for, or are constitutive of only, its models. Thus the model mediation problem encountered in attempts to link theories with complex phenomena is also present, albeit to a lesser extent, in attempts to link them with simpler quasi-isolated test-phenomena. For the only indication of a resemblance between test-phenomena and their models is obtained corroborative success - on the assumption that we have successful solutions for the phenomenological models - but to suppose the authenticity of that success is to presuppose the resemblance. Thus the attempt to obviate the model mediation problem by inferring the Tr of a theory from its corroborative success is just as circular as the attempt to obviate the underdetermination problem by invoking Tr as an explanatory conjecture. Corroborative success may, therefore, not be indicative of the extent to which the phenomenological models in tests, for which solutions can be had, resemble test-phenomena. Thus model mediation casts doubt not only on whether theories are in contact with "raw" reality but also whether they are in contact with the much simpler reality in test-situations. Model mediation, therefore, casts doubt on the validity of tests, as does the underdetermination problem. (The projection problem challenges the validity of the posit that the hypothesis of interest confronts the test-phenomenon singularly, and model mediation challenges the validity of the posit that contact between that hypothesis and the test-phenomenon is possible, even if that hypothesis were the only one confronting the phenomenon.) Thus the projection and model mediation problems independently challenge the idea that tests of the foundational theories are valid, and hence the contention that either their corroborative or applicative (explanatory and pragmatic) successes could be indicative of their Tr. Should either of these challenges be sound then the consequences would be that: (a) we have no good rationale for the projectibility of the theories either within or outside their test-intervals, not even within their respective domains, and hence there is no good account of their corroborative and applicative successes; and (b) the theories are not universal (in the sense that they would be truthlike of their respective domains wherever and whenever the restrictive conditions demarcating those domains obtain), and hence a realist conception of the unification program in physics is not a possibility. 

In brief: a projection dependent test consists of a theory being pitted against a relatively simple test-phenomenon within a test-interval, under certain conditions. The validity of the test depends on the supposition that the outcome - our comparison of the solution (prediction or retrodiction) of the theory and measurements on the phenomenon - actually reflects a link between the theory and the phenomenon, a link posited to have been established in the test. Two challenges to this supposition have been noted. One stems from the projection problem across test-intervals, which suggests that the outcome of the test may reflect a relation between the phenomenon and an infinity of alternative incompatible theories. The other stems from the model mediation problem. Both challenges cast doubt on the validity of the test, and hence on the contention that the outcome may be indicative of the theory's Tr. What follows suggests that the projection problem across test-intervals of the foundational theories may have been resolved. Hence we may have a sound reason to suppose that the desired confrontational link between a theory under test and the test-phenomenon has been effected, even if the models of the theory do not quite match the phenomenon. This leads to the view that the outcomes of such tests, as indicated by corroborative success, may indeed reflect concomitant, but distinct, empiric control over the performance (in the sense of scope), and over the invariance of this performance (and hence over the projectibility) of the theory in question, across its respective domain. In the case of these theories, such dual control would mean that the above minimal criterion for the possible Tr of the theory in respect of its domain is satisfied, and that we can account for the observed invariance of performance, and hence that we are in possession of a good rationale for the application (projection) of the theory within its domain; or alternatively that we have a good reason to suppose that the theory's corroborative success has, or may have, projective import. 

5. Resolution of the problem in tests of the foundational theories 
The projection problem across test-intervals arose from the apparent absence of distinct empiric control over the spatio-temporal form-invariance supposition, implicated in the projection of a theory under test across its test-intervals. Such control could, however, be had, if it were possible to embed the invariance hypothesis within the theory, in such a manner that it would be distinctly testable across infinitesimal elements of its test-intervals. The projection problem across such test-intervals would then have been obviated: for the distinct corroboration of the invariance hypothesis would give us a good empiric indication that the tests could be valid only in respect of the form-invariant theory; or, alternatively, that the theory of interest could uniquely confront its test-phenomena. Such unique confrontations would further suggest that the necessary link between the theory and  test-phenomena could have been effected, and that the outcomes of testing different models of the theory could be indicative of the extent to which such models, and hence the theory, match the test-phenomena. 

The possibility of such a resolution of this particular spatio-temporal aspect of the projection problem, across test-intervals of the foundational theories, is indicated by the apparent distinct testability, across those intervals, of the basic chronogeometric symmetry hypotheses the theories embed. Those hypotheses are exhibited in the form-invariance of the theories under the transformations of t-translation, space-translation, and space-rotation; understood in relation to, or within, an inertial frame and its coordinate system. These symmetries appear to be distinctly testable across infinitesimal elements of test-intervals of their embedding theory, because they generate distinct testable predictions on the part of their embedding theory, for infinitesimal elements of its test-intervals - where the predictions relate to distinct testable effects. The predicted effects are conservation of energy, and conservation of linear and angular momentum, respectively. Although the predictions stem from the theory qua integral unit they are traceable to their respective generating symmetry. And Noether's theorem (Noether, 1918; Goldstein, 1980, pp.588-596; Marmo, Saletan, Simoni and Vitale, 1985, Ch. 15) tells us that for those conserved quantities that come under its wing - as in the case of the three above - the symmetry-conservation link is a necessary and sufficient one, in the case of the foundational theories of inertial physics, all of which satisfy HP.
 It is, therefore, possible to speak of a symmetry generating a prediction of the conservation of a dynamic quantity, or 

vice versa. However, the claim that these symmetries are distinctly testable implicates a metaphysical realist posit: that the formal symmetry-conservation link exhibited by Noether's theorem obtains within the real domain of the theory in question.
 This is the second metaphysical posit entertained here about structural features of physical reality conforming to formal considerations. The first such posit is that all parts or levels of physical reality conform to the contradictoriness principle, so that modus tollens can be used as a tool for criticizing hypotheses about the various levels.
 The two posits are taken here to be given, thus underlining the conjectural character of the entire stance.  

Within that conjectural context, however, we may understand the situation thus: for theories satisfying the CC - in particular, for theories derivable from the variation of an action integral - it is the case that, '... the constants of the motion are the generating functions of those infinitesimal canonical transformations that leave the Hamiltonian invariant. Implied in this conclusion is a connection between the symmetry properties of the system and conserved quantities, ...' (Goldstein, 1980, p. 411) But this means that such canonical transformations also leave the form of the theories invariant across the relevant parameters; an invariance that is but an expression of the posit that the performance of the theories is invariant across those parameters. And since each of the above symmetries has its testable "signature" in the form of an effect, i.e. a constant of the motion, the posit about the invariance of the performance of the theories, and hence of their projectibility, across the relevant parameters within their respective domains, appears to be under distinct empiric control. It may be worth noting that the symmetries themselves constitute predictions - i.e. the non existence of this or that preferential item, e.g. a preferential location on the t-dimension - in respect of, or from the perspective of, their embedding theory; and they are projected along with their embedding theory, across test-intervals of their theory. Those symmetry predictions are then apparently distinctly testable via predictions of specific effects, which they engender on the part of their embedding theories. Both the performance and invariance of symmetry hypotheses appear to be testable across infinitesimal elements of test-intervals of their embedding theories - where "performance" of a symmetry hypothesis takes on the sense that its consequential effect obtains, and hence so does its referent in the form of a symmetric-structure in relation to the embedding theory, and the invariance of a symmetry hypothesis refers to the invariance of this performance. And since the referents of these symmetry hypotheses are meant to hold in relation to their embedding theories - i.e. the equivalence class to which a symmetry hypothesis points to is meant to be an equivalence class with respect to its embedding theory - the invariance of symmetry hypotheses could confer on their theories some projective generality, vis-à-vis the respective spacetimes' of the theories. The situation suggests that we may be exercising concomitant but distinct empiric control over the performance (in relation to scope) and spatio-temporal projectibility of the embedding theories.      

Perhaps another way of seeing how the apparent distinct testability of the basic chronogeometric symmetries could have obviated the projection and model mediation problems across test-intervals of the foundational theories of inertial physics is this: In any attempt at representation in science, the use of some theoretical structure, or model, is inescapable. Now our judgments about whether a conjectured model could be representational depend on outcomes of its tests; and it has generally been supposed that those tests are valid, i.e. that they enable a singular model to come in contact with its test-phenomena, thereby enabling that which is to be represented to have a say about whether that singular model could be representative, or approximately representative, of it. But, as indicated above, the projection and model mediation problems, as they arise across test-intervals, independently challenge that supposition. Now consider the models of the basic chronogeometric symmetries which form an integral part of their embedding theory, e.g. the homogeneous and isotropic t parameter. Those models express the posited homogeneity and isotropy of their theory's spacetime structure, and they get projected (conceptually), along with their theory, across its test-intervals. Now their distinct corroboration would suggest that they could be representational of an existent symmetrically structured spacetime in the domain of their theory, or in respect of their theory. But if that were the case then the spatio-temporal form invariance posit in respect of both the symmetries (or their models) and their theory would be sound, legitimating the projection of both across the theory's test-intervals; thereby validating tests of both; in particular, validating tests of whether that particular theory could be representational. The suggestion here is thus that tests of an hypothesis across its test-intervals in its domain, intervals in which an underdetermination problem arises, could be valid iff that problem could have been resolved via deductive-empiric means. And if it could be so resolved then contact between the particular hypothesis tested and its domain could be effected via a structural feature of the hypothesis, even if none of its models quite match the class of phenomena the hypothesis is meant to model. Given tests in which such contact is effected then the outcomes of the tests may indeed be indicative of the extent to which the hypothesis is representational, i.e. of the extent to which the models of the hypothesis match the class of phenomena in its domain. Alternatively: given a resolution of the projection problem in tests of an hypothesis, then those tests could effect confrontation of that particular hypothesis with its domain. But then the possibility arises that contact between that hypothesis and its domain is effected via a structural feature of the hypothesis, even if none of its models quite match the phenomena in its domain. The model mediation problem could thus have also been resolved, or mitigated; and the domain of the hypothesis could thus have a say about whether that particular hypothesis could be representational of it. Given the problems posed by attempts at symbolic representation, the model mediation problem can only be mitigated, not completely resolved. Nonetheless, here I consider such mitigation to constitute the problem's resolution.    

Thus the continuous spatio-temporal aspect of the projection problem, as it arises in tests of the foundational theories, satisfying the CC, could have been circumvented via the distinct testability of the basic chronogeometric symmetries embedded in these theories; a testability exercisable concomitantly with testing the theories. This suggests that in such tests we may actually be testing the theory of interest and hence the necessary confrontational links between theories and their test-phenomena could be effected. It follows that the extent of a theory's corroborative success may indeed be indicative of the extent to which its models may match its test phenomena. Moreover, the distinct corroborations of the foundational chronogeometric symmetries could have constituted rational warrants for the projectibility of the theories across their respective spatio-temporal manifolds, which are part and parcel of their respective domains. Admittedly, such warrants are but indirect solutions of the projection problem outside test-intervals. But the possibility suggested here to obtain in respect of the foundational theories is to be contrasted with what would be the case otherwise: the validity of their projection dependent tests would be in serious doubt, and there would be no empiric indication of their posited spatio-temporal projectibility, either across their test-intervals or outside them, and thus no good rationale for their applicability. 

We can now see how the problem Jeffreys points to could have been obviated in respect of the foundational theories. Suppose that we are in possession of a plethora of Jeffreys' aberrant hypotheses which can reproduce all numerical predictions of a foundational theory, including those engendered by its embedded symmetries. All aberrant hypotheses will then appear empirically equivalent to the theory of interest. We would then be able to discern in the numerical predictions of all aberrant hypotheses, the predicted effect engendered by each symmetry in the theoretical context of interest. But we would know that those predicted effects are linked solely to the theory of interest, to the one that satisfies the CC, and linked specifically to its spatio-temporal invariant structure. The distinct empiric access to the predicted effects would thus allows us to empirically single out the theory of interest, by testing for those effects. And the corroboration of the effects would tell us that it is the theory of interest alone that is being tested. Of course, in reality we are not in possession of Jeffreys' alternative hypotheses. But by testing for the predicted effects generated by the embedded symmetries we may inadvertently select the hypothesis of interest from Jeffrey's form aberrant alternatives. Thus the predictions, in the form of predicted effects, of the standard foundational theories - predictions engendered by their embedded basic chronogeometric symmetries - we know to be linked to specific invariant structures, whereas we neither know, nor can test for, the structures to which the equivalent numerical predictions of Jeffreys' alternatives might be linked to. All we know of those structures is that they are not those to which the known symmetries appear to refer. Thus whilst Jeffreys' aberrant alternatives to a symmetry hypothesis could be empirically (numerically) equivalent to it, they are not structurally equivalent to it. We can thus exclude them from being legitimate alternatives to the symmetry. But then Jeffreys' alternatives to the embedding theory must also be illegitimate. 

What this picture amounts to is that although Jeffreys' alternatives can in principle reproduce all numerical predictions of the theory of interest they cannot reproduce its invariant structure, as indicated by its embedded basic chronogeometric symmetries. The generality trait of that invariant structure may be imparted to its embedding theory, thereby endowing the theory with some projective generality. That invariant structure, to which we may have distinct empiric access via Noether's theorem, is meant to be part and parcel of the domain of the theory, wherever and whenever that domain is realized. The ability of the aberrant alternatives to reproduce quantitative predictions stems from the arbitrary form they can adapt across any interval, including test-intervals; an arbitrary form over which we have no empiric control across any interval. Thus the form-invariance supposition, implicated by the projection of such an hypothesis across any interval, is untestable. Hence tests of such aberrant hypotheses - whether they be alternatives to theories, or to symmetries - are invalid, and their projectibility has no good rationale. The projection problem in relation to such hypotheses can have no resolution across any interval. The reason for that view is that hypotheses the forms of which are arbitrary, i.e. their form can vary wildly from point to point, have no testable invariant structure. Thus if they be alternatives to theories they do not satisfy the CC. In particular, they do not satisfy HP, and hence Noether's theorem does not pertain to them - the principle rules out wild fluctuations of the test-phenomenon, it thus rules out wild form variations of the theory describing it (Sect. C). It thus appears that physicists could have stumbled upon a deductive-empiric mechanism effecting the validity of the testing procedure only in respect of the theory of interest, thereby effecting its positive selection from Jeffrey's form aberrant alternatives, whilst at the same time validating customary negative selection to operate on it.

Given that apparent tests of Jeffreys' alternatives to both theories and their symmetries are invalid, their acceptance (for whatever purpose) is disqualified from a critical rationalist point of view. The positive selection of the theory, possessing an invariant spatio-temporal structure, via deductive-empiric means, which the CC could make possible, can also be seen as the elimination of Jeffreys' infinity of alleged alternatives to the theory, by the negative selection pressure exerted by those constraints. Evidently, they play a crucial role in the situation. Thus the Parsimony constraint in respect of form, by itself rules out Jeffreys' form aberrant alternatives. But this constraint is prima facie laden with the induction/apriorist problem. However, HP - which imposes the basic chronogeometric symmetries on the theory (Sect. C), whilst also bringing Noether's theorem into play, suggesting the distinct testability of the symmetries - appears to rationally underpin this parsimonious practice. Thus without the theory satisfying HP, the symmetries could not be distinctly testable and the most parsimonious form invariant theory could not be legitimately singled out. Notably, the selected form invariant theory need not only be most parsimonious in the light of the three chronogeometric parsimony engendering symmetric constraints - it is therefore more parsimonious than any of Jeffreys' alternatives, which do not satisfy those constraints - but it could also be most parsimonious in the light of any other parsimony promoting criteria we choose to impose on our theories. And by legitimating selection of the theory most parsimonious in form we may also legitimate their other parsimonious traits, e.g. paucity of adjustable parameters. The role of the basic chronogeometric symmetries is thus crucial in the selection process, because of our knowledge that Jeffreys' alternatives do not satisfy them. From a critical rationalist perspective, the CC, with the aid of Noether's theorem, enable (or could enable) the positive selection, via deductive-empiric means, of the hypothesis with a spatio-temporal invariant structure, whilst at the same time excluding Jeffreys' plethora of alleged alternatives from being serious contenders. Thus when physicists choose the best corroborated theory available for a particular domain, which is the theory embedding the above basic chronogeometric symmetries, then consequential to the apparent distinct testability of those symmetries is the possibility that they unawares effect, via deductive-empiric means, what amounts to that theory's positive selection from Jeffreys' alleged alternatives, whilst at the same time making it possible for negative selection to operate on that theory in a valid manner. 

The situation may also be seen thus: Popper's approach to the underdetermination (induction/apriorist) problem fails for the following reason: The critical rationalist posit - that the reality (or domain) under study is so ordered that modus tollens can function qua methodological tool for bringing empiric criticism to bear on hypotheses about it - requires that those hypotheses conform to the Parsimony constraint (minimum theoretical structure for an explanatory task). For if we permit ad hoc additions or modifications to their formal structure then we can always obviate their falsifications. Now Popper's criterion of simplicity (paucity of adjustable parameters) is, of course, a tool for engendering parsimony, in line with the demand of the critical rationalist posit. But it fails to have any relevance to the underdetermination problem, because tests of the hypothesis selected by the criterion, still cannot distinquish it from an infinity of empirically equivalent rivals, having different, more complex, forms. Jeffreys' depiction of the underdetermination problem across test-intervals, indicates, that falsifications can be obviated just as efficaciously by arbitrary changes in form, as by the addition of a redundant adjustable parameter; the problem thus foils the demand imposed by the critical rationalist posit, as regards Parsimony (or simplicity) of form. However, the above discussion suggests that the problem could  have found a rational resolution, in respect of the foundational theories of inertial physics. For the imposition of HP in the construction of those theories engenders a theory of the most parsimonious form,
 which amounts to the selection of that theory, via deductive-empiric means (given the distinct testability of that form), from Jeffreys' form aberrant alternatives. The practice of Parsimony in respect of form, amounting to rejection of those alternatives, would thus have found rational legitimation. Otherwise, that practice is clearly laden with the induction/apriorist dilemma. Of course, given the critical rationalist posit, it would be desirable that the theory of most parsimonious form, also satisfy all other parsimony engendering criteria we wish to impose on it; in particular that it satisfy the Coherence constraint, which is clearly parsimony promoting, via its demand for internal consistency. Thus all three constraints of the CC may be understood to promote parsimony, a necessary desideratum of the critical rationalist metaphysic, which may thus be seen to constitute the rationale for their imposition. Clearly, they severely limit the possibility of ad hoc maneuvers in order to circumvent refutations, thereby making use of modus tollens, qua critical tool, more effective.

Two immediate consequences, which could legitimate two practices, follow from the apparent distinct empiric control exercised over the spatio-temporal invariance supposition, implicated in the projection of the foundational theories across their test-intervals; a control that could have validated their tests.
 Firstly, repetitions of such tests would have been rendered redundant on objective grounds: on the distinct corroborating evidence regarding the invariance or projective supposition. Accordingly, test repetitions would have been rendered useful only as regards the improvement of their ability to penetrate deeper the phenomena, thereby discovering novel corroborating or refuting evidence. Secondly, the distinct empiric control exercised over the invariance supposition could give a deductive-empiric-based account of the observed invariance of the performance of the theories across their test-intervals, thereby forming a good rationale for their projectibility across their respective spacetimes, and hence across their respective domains. Thus physicists may have inadvertently accomplished the feat of bringing distinct empiric control to bear on the distinct spatio-temporal invariance supposition, in relation to the foundational theories of inertial physics. That feat could have validated tests of those theories, whilst also providing a good rationale for two attitudes which lead to two routine practices: the view that mere test repetitions are unnecessary, and the view that the application of the theories within their respective domains is rationally legitimate.  

Empiric and theoretic scrutiny of the best corroborated theories, within all the various fields of physics, generally led to their conjectural falsification. This selection or elimination pressure, combined with the aim of unification, led to novel theories, with novel distinctly testable symmetric-structures, and with apparently greater generality (both integrative and projective) than those of their predecessor(s). Just what sort of sense can be made of this development we shall see below. 

6. The salient features of the symmetries of physics
We now need to have a look at the wider picture regarding physical symmetries.
 For in addition to the basic chronogeometric symmetries that are integral to all foundational theories of inertial physics, those theories also embed other symmetries - both continuous and discrete. Those other symmetries again engender distinct predictions of distinct testable effects on the part of their embedding theory. They too are thus distinctly testable (sect. D). Indeed, some continuous symmetries, and all discrete ones, engender their predictions quite independently of the formal symmetry-conservation link exhibited by Noether's theorem. (In the quantum context even discrete symmetries may lead to conservation laws [Redhead, 1975]) Hence the claim that those symmetries are testable does not require invoking the theorem. (The term "engender" refers to a theory embedded symmetry - which on a realist view of the symmetry points to there being some class of equivalences, or symmetric-structure, in the domain of the theory - engendering predictions of testable effects, on the part of the theory.) Moreover, we have seen that Jeffreys' alternatives to the basic chronogeometric symmetries cannot reproduce their structures. They are thus illegitimate alternatives. Thus the underdetermination problem as it arises in tests of those symmetries could be resolved, and hence the attendant model mediation problem could be mitigated. Those tests could thus be valid. Similarly, Jeffrey's alternatives to the symmetries other than the basic chronogeometric ones, being part and parcel of his alternative theories - which could have been rendered illegitimate by the positive selection of the theory of interest, via the distinct and valid testability of its basic chronogeometric symmetries - cannot reproduce the precise structural sense of those symmetries; the sense which they have in the context of the selected theory. Jeffrey's alternatives to those symmetries are thus also illegitimate. Hence the underdetermination problem as it appears in tests of those symmetries, forming part of the selected theory, could also be resolved; and the attendant model mediation problem could be mitigated: their models may connect with their posited objective counterparts even if they do not quite match them. Those tests could thus be both distinct and valid. Hence the possibility that those symmetries are also representational. 

Before turning to the broader ramifications of the situation outlined, it is important to note the salient features of testable theory embedded symmetries; mutatis mutandis as regards testable theory embedded asymmetries: 

(1) They are independent of the particular formulation of their embedding theory (Redhead, 1975); 

(2) They are traits of their embedding theory, qua integral unit - or of the Lagrangian from which the theory is derivable and which satisfies HP - rather than merely of some of its constituent parts. (There are exceptions to this claim, i.e. theories whose spacetime structures, part of their non-dynamic structures, have a symmetry group different from that of their dynamic structures, e.g. classical electrodynamics (Cl.E.D.), whose spacetime satisfies the Galilei group, whilst its field equations satisfy the Lorentz group. Such theories are dubbed here symmetrically incongruous, the implications of which are discussed further on.);

(3) They are posits about specific sorts of structural features of their embedding theory's domain;  

(4) Apart from dimensional invariants such as c and h, testable independently of their embedding theory, other theory embedded symmetries are qualitative dimensionless structural hypotheses with respect to the domain of the theory, but which are (or may be), nonetheless, distinctly testable, because they engender distinct predictions on the part of their embedding theory. Those predictions are in the form of predicted qualitative effects that acquire quantitative and dimensional expression, in the theoretical context involved. More precisely: theory embedded symmetries are qualitative dimensionless structural hypotheses that express distinct qualitative dimensionless predictions in their theoretical context, e.g. t-translation invariance of a theory is an expression of the distinct qualitative dimensionless prediction that in that theory's domain there is no preferred temporal location. Such distinct qualitative dimensionless predictions engender distinct predictions on the part of the theory, where the predictions take on the form of predicted qualitative effects, expressed in quantitative and dimensional terms: thus in the above t-translation invariance example, the prediction of the absence of a preferential temporal location engenders the prediction on the part of the theory of the effect of energy conservation, which acquires quantitative expression and can thus be ascertained quantitatively. Jeffreys' alternatives to symmetry hypotheses can reproduce the numbers involved in the theoretical predictions they engender, but they cannot reproduce their structures. Thus in the case of t-translation invariance we would indeed discern from those numbers the predicted effect of energy conservation. But we know that that prediction is linked uniquely to the structure expressed by the symmetry, in the unique context of the t-translation invariant theory. More generally, symmetry engendered predicted effects are linked to a particular symmetry in a particular theoretical context. Thus whilst Jeffreys' alternatives can simulate all numerical predictions of a theory, including those related to symmetry engendered predictions of effects, we are in the know that those effects are linked exclusively to the theory of interest. Hence by testing distinctly for those effects we apparently can, and do, empirically single out the theory of interest.     

The distinct effects engendered by theory embedded symmetries means that the symmetries could be tested concomitantly with, but distinctly from, testing their embedding theory. Both their performance and the invariance of this performance could be tested across infinitesimal elements of  test-intervals of their theory - although whether that can be effected will of course depend on the state of the available technology or instrumentation. It is noteworthy that the projection problem arising in tests of symmetries across test-intervals of their embedding theory is not of the kind that we find in tests of the theory, because tests of symmetries do not require drawing  predictions from them with the aid of distinct initial and boundary conditions; and hence their tests do not engender a test-interval distinct from the interval implicated in tests of their embedding theory. The symmetries themselves constitute predictions or conjectures about structural features of their theory's domain; conjectures that engender testable  predictions on the part of their theory, and features that confer on the theory specific forms of projective generality. Since no distinct independent test-interval is implicated in tests of symmetries, the projection problem that arises in their tests differs from that which arises in tests of their theory. Indeed their tests across test-intervals of their embedding theory are in a sense projection independent, although they do get projected across test-intervals of their theory.

But as we have seen in the case of laws, projection independent testability does not in itself obviate the projection problem. The contrast between tests of laws and those of symmetries arises because although in both cases Jeffreys' alternatives cannot reproduce structures, in the case of laws, we have no distinct empiric access to their possible invariant structure that could provide a good rationale for their projectibility in tests and applications; and hence, although laws can be tested projection independently, that does not obviate the projection problem in relation to them. In the case of symmetries, however, we do have (or appear to have) distinct empiric access to the specific structures they express, since we know precisely the sort of structures that correspond to the numerical predictions they themselves engender; and although Jeffreys' alternatives to symmetry hypotheses may mimic those numerical predictions, we neither know, nor can test for, the sort of structures those simulated predictions might correspond to. What we do know, however, is that those structures differ radically from those implicated by the predictions engendered by the symmetries of the theory of interest. Thus although both tests of laws and tests of symmetries may be said to be projection independent, the projection (underdetermination) problem could be obviated only in the case of tests of symmetries, since they are direct expressions of structures which, nonetheless, have testable consequences; structures which Jeffreys' alternatives to symmetry hypotheses cannot reproduce, hence his alternatives to such hypotheses as well as to the theories which embed them are inadmissible; and structures which could serve as parts of an invariant terrain for their theory's legitimate projectibility. We can now see why we prefer those structures the symmetries themselves suggest, to those which Jeffreys' alternatives to the symmetries might suggest: for only the former tell about possible uniformity features in their respective theory's domain, and, moreover, it is only to those that we could have distinct and valid empiric access. The latter possibility suggests how the inductivism and/or apriorism that appears to envelop the preference could have been obviated.     

Since tests of symmetries are about whether a symmetry obtains across infinitesimal elements of test-intervals of its theory, they not only test whether the structure to which the symmetry points to obtains, but also its invariance, and hence projectibility, across such intervals. Moreover, since such tests are about whether some symmetric-structural feature obtains in the theory's domain, precisely as the posited representation of that feature in the theory suggests, such tests are also free of the sort of model mediation problem that envelops tests of theories. We do not form phenomenological models (e.g. laws) of the symmetric-structure posited to obtain in the theory's domain in order to match it with its counterpart in the theory, we simply test for it directly in accordance with the mathematical sense we make of it in the context of its theory, i.e. we test for a symmetry via its mathematical consequences in its theoretical context. Those consequences are independent of the models of the theory, as well as of the initial and boundary conditions used to obtain the models: all models inherit the same symmetric-structure of the theory, although approximate models, such as laws, inherit only part of that structure. It is thus the structural character of symmetry hypotheses, which Jeffreys' alternatives to them cannot reproduce, that is responsible for their distinct tests being free of the sort of projection and model mediation problems encountered in tests of theories, rendering their tests valid.
  

From the point of view of the present stance - the above minimal criterion for the possible reality status of an hypothesis, i.e. distinct testability of its performance and invariance - the apparent validity of tests of symmetries, meant to test both their performance and invariance, indicates that the symmetries could be objective features of the respective domains of their embedding theories. The rationale for this posit - regarded here to be to a good rationale for the projectibility of the symmetries within the domain of their embedding theory - rests firstly on the apparent exercise of distinct empiric control over the invariance of the symmetries themselves within the domain of their embedding theory, and secondly on their structural character (which suggests that in respect to them Jeffreys' underdetermination problem is obviated). It follows from this posit that if a theory has got the symmetric-structure of its domain approximately right - if the composite of the testable symmetries and asymmetries of a theory, or its symmetricity, approximately mirrors the symmetric-structure of its domain - then it could connect with its domain via its symmetric-structure, even if its models do not quite match the phenomena the theory is meant to describe. Alternatively: given a similarity between the symmetric-structure of a theory and the symmetric-structures of the class of phenomena that theory is meant to govern, that class being the theory's domain - or one aspect of it - then the theory could connect with its domain, even if none of the class of its models quite matches the phenomena (sect. I); 

(5) The independence of the distinct symmetry engendered predictions from initial and boundary conditions suggests that the Duhem-Quine problem, in its usual sense, does not arise in tests of symmetries. Of course, other conditions - those to do with the delimiting of the domain in question - are involved in such tests. But those conditions are generally under empiric control across test-intervals, whether in the laboratory or out in raw reality. However, Duhem-Quine wholism does suggest that tests of symmetries are not distinct from tests of their embedding theories. But as indicated above, this apparent non-distinctness problem could, in the case of symmetries that come under the wing of Noether's Theorem, be obviated via that theorem, and in the case of other symmetries more directly, i.e. via their directly engendered distinct predictions on the part of their theory. But tests of symmetries face another challenge to their distinctness; the challenge posed by the underdetermination problem in their tests, and which touches on the question of the validity of the tests. This problem, it is suggested here, could have been circumvented by the specific structural trait of symmetries, which Jeffreys' alternatives to them do not have, and which is also responsible for their ability to single out their embedding theory from Jeffreys' alternatives to it, as well as for endowing the selected theory with some projective generality. Thus the distinctness of tests of symmetries is challenged by two problems: Duhem-Quine and underdetermination. The former could be resolved via distinct predictions engendered by symmetries on the part of their theories - in some cases with the aid of Noether's Theorem, and in others more directly; the latter could be resolved via the structural trait of symmetries.


(6) Given the objectivity of testable theory embedded symmetries - i.e. that they are real features of their theory's domain, which could account for the possibility to rewrite the theory in accordance with what its symmetries suggest without loss of content on the part of the theory - their invariance or generality within the limits of their theory's domain, could be imparted to their theory. The sort of generality traits they could confer on their theory is indicated by the physical content they bear or express: that from the point of view or with respect to their embedding theory, some set of alternatives - reference frames, locations, orientations, gauges, etc. - are empirically equivalent or indistinquishable. In contrast, asymmetries or broken symmetries are generality restrictive. The point about symmetries bearing generality content can also be seen by noting that a symmetry equalizes some set of alternatives that would otherwise make sense only in relation to some absolute or preferential "entity" (Friedman, 1983, esp. pp. 277-294) - e.g. the equalization of location. Equalization expresses content: the non-existence, and hence non-detectability, of an absolute "entity"; and the fewer the absolutes a theory requires for its function the greater its projective generality: extent of empiric validity across physical reality, or extent of domain. Thus the symmetricity of a theory could characterize the bounds of its domain. Equalization means that it is a matter of convention as to which empirically equivalent alternative is selected for the theory's descriptive/explanatory function. But the convention is not arbitrary, since the symmetry licensing it is (or could be) under distinct and valid empiric control;  

(7) The apparently distinctly and validly testable theory embedded symmetries are regarded here conjecturally to be symmetric attributes of the domains of the theories, and hence of the phenomena the theories are meant to describe; i.e. the formal, but testable, symmetric trait of a theory is thought to mirror a physical trait of the phenomena in question. Thus a phenomenon is thought to conform to the same transformation traits as its governing theory: e.g., a phenomenon, the governing theory of which is t-translation invariant, is thought to be unaltered in its transport across the t-dimension entertained by the theory. This view is suggested by a realist stance on symmetries, as well as by the mathematical equivalence of the transformation traits of a theoretical structure, and of the transformation traits of the phenomena that theoretical structure is thought govern; traits of phenomena that can be given precise mathematical expression.
 Indeed, physicists often learn about what sort of symmetries and asymmetries to impose on a theory, from a study of the symmetries and asymmetries the phenomena that theory is to account for might posses. Thus, particularly in the 20th century - ever since Einstein's conspicuous examples - it has become an integral part of the method of theoretical physics, that in the search for a novel theory it is not only the CC and the available evidence that guide the researcher but also symmetric constraints, arrived at via an imaginative and empiric trial-and-error process regarding the sort of symmetries and asymmetries the domain of the theory might posses. An imaginative trial-and-error process in respect of symmetries was unavoidable since in both the subatomic and cosmological domains it is clearly not possible to simply observe the symmetries phenomena might possess. And the empiric (testable) character of this process leads to the distinct selection of symmetries to be embedded in theories. But, as we have seen, in the context of the CC, the embeddenment of the basic chronogeometric symmetries effects (or could effect) positive selection of the embedding theories from Jeffreys' alternatives, since  those alternatives cannot reproduce the structures those symmetries point to. The restrictive or forbidding, as well as licensed projectibility, aspects of testable theory embedded symmetries - hence their utility in the search for novel theories - is particularly evident in the case of symmetries that have conservation implications. But any testable symmetry has such a dual role. Thus, in the context of the CC, conjectural symmetry considerations have understandably been the key to the major advances in 20th century physics; 

(8) If the form-invariance of a theory under this or that transformation leads to what are distinct testable predictions on the part of the theory, then such a transformation could be the formal expression embedded in the theory of a physical hypothesis: that some class of alternatives is  empirically equivalent, from the point of view of the theory or with respect to the theory. For example, Lorentz invariance of a theory is the formal expression of the hypothesis that should a class of imaginary inertial Lorentz frames exist, then from the viewpoint of the theory they would be empirically indistinguishable. They would, therefore, be equally suited for use in conjunction with the theory to describe phenomena. Thus Lorentz invariance selects a set of preferred frames for the theory. But this is a posit about an aspect of the spacetime arena associated with the theory; an aspect of physical significance even though the posit is posed counterfactually. Clearly, imaginary items can be used qua heuristic devices, in an attempt to explore the character of the reality (or domain) in question. 

Thus embedded symmetries are hypotheses about the domains of their respective theories being such as to permit specific sorts of rediscriptions or alternative descriptions of states of systems or of phenomena, making use of alternative empirically equivalent aspects of the properties and relations the theory exhibits. The posit is that such alternative descriptions are physically equivalent: that they contain or express the same overall physical content, even if the values of some measurable quantities of the system in question may differ in the alternative descriptions. Thus whilst a symmetry hypothesis qua form-invariance, suggests the possibility of alternative descriptions or alternative perspectives of states of systems, it is also an hypothesis about a domain of physical reality being such as to allow such rediscriptions, without loss or gain of physical content on the part of the alternative descriptions. 

Form-invariance of a theory may also be seen as an hypothesis about a domain of physical reality being such that one and the same theory can form an account of two similar phenomena within that domain, notwithstanding that the phenomena could be in diverse situations as regards, for example, relative location, orientation, phase state, etc. Succinctly put: form-invariance of a theory under this or that transformation is a posit about the invariance of the relation between the theory, or its content, and some aspect of that part of reality that the theory is about: e.g. the invariance of the relation between the theory, or its content, and spatio-temporal location. Symmetries are thus above all projective hypotheses in respect of their embedding theory: a symmetry embedded in a theory is an hypothesis about the projectibility of the theory, across one or another aspect, or feature, of the theory's domain: e.g., about the projectibility of the theory across one or another of its parameters, or about its projectibility across a particular gauge it may entertain, etc. 

The explanatory power of symmetries consists in that they form an account of how it is that their embedding theory performs (or performed hitherto) uniformly over that aspect of its domain indicated by the symmetry in question. All this suggests that physical symmetries may be not just about form or possible rediscriptions, but also about a symmetric-structure of physical reality in relation to their embedding theories. Thus the entire symmetric-structures of the theories could be about their comparative overall projective generality; a generality which may have something to do with their integrative generality. Indeed, were this not to be the case then we would not expect the symmetries to generate distinct testable consequences. It is significant in this respect that these consequences or "signatures" do not depend on the details of the models of the theory; models which we use in an attempt to establish contact between the theory and test-phenomena. This aspect of symmetries suggests that they may possess some projective generality, since their role in tests is independent of the details of the test-phenomena; a generality which they can confer on their theory. 

The idea that distinctly testable theory-embedded symmetries could be physically significant, holds for all such symmetries (sect. D). For clearly any such symmetry is potentially physically significant because the domain in which it is meant to hold need not conform to the particular restrictive force the symmetry suggests, i.e. matters could have been different in a great variety of ways. Thus my posit is that the non-arbitrary conventional elements or mathematically free alternatives in relation to a theory's domain, as indicated by the distinctly testable symmetric-structure of a theory, is likely to have a physical underpinning: that from the viewpoint of the theory or with respect to the theory there are within its domain empirically indistinguishable items, or alternatively, equivalence classes. The thrust of this study is to suggest that such equivalence classes may impart to the theory some projective generality through which the theory may "latch on" to its domain of physical reality; and finally, 

(9) In addition to embedding distinctly testable symmetries, which correspond to what are known as active symmetries, the foundational theories also satisfy passive transformations that preserve a theory's empiric content even if not always its form, but which do not generate distinctly testable predictions on the part of the theory: e.g. coordinate (or point) transformations, such as the transformation of a theory from Cartesian to polar coordinates, which leaves content but not form invariant. Such transformations are devoid of distinct empiric content, since they make no distinct contribution to the testability of the theory. Transformations of that sort lead only to the theory being expressed in alternative symbols, as a consequence of relabeling spacetime points. Such purely mathematical symmetries may be regarded to be part of what Redhead (1975; 2001) termed 'surplus structure' - free choices indicated by the mathematical apparatus which in this case have no objective significance.
 Nonetheless, although they themselves have no physical content they are part and parcel of a mathematical structure that does (or could) have such content. And they are in accord with what we would  expect, indeed demand: that the theory should be so invariant without effecting its empiric content. Given that they cannot be discarded without doing irreparable damage to the formalism, their inclusion does not violate satisfaction, on the part of the theory, of the parsimony constraint - minimum formal structure for a given explanatory task. On this view, we can have mathematical (as well as topological) 'surplus structure' within the bounds of the parsimony constraint - i.e. structure which may, or may not, have distinct physical significance, and which cannot be shed from the overall structure. Clearly, interpretation is not bound by a parsimony constraint. Nonetheless, some parsimonious considerations may be necessary if "anything goes" in interpretation is to be avoided. Such considerations are generally linked to whether or not an item - whether a formal structure or interpretative hypothesis - is of some use in "making sense" of a theory; and such judgements may also involve judgements as to what is and what is not to be included within the bounds of the parsimony constraint, as it effects the theory. (These remarks pertain particularly in respect of Q.T., discussed in sect. E.)      

The physical significance of an active theory embedded symmetry, and the physical insignificance of a passive one, may be formally understood by noting that only the former could potentially turn one physical model into another non-equivalent one, by altering any of the constituents of the model. Thus if an active symmetry holds, then what could potentially be the case is in fact not the case, i.e. a class of items that could potentially not be equivalent are in fact equivalent. This point shows the restrictive force of such a symmetry. Thus in the application of a theory, each of its embedded active symmetries, should it hold in the theory's domain, licenses some convention as regards the use of this or that equivalent theoretical item, e.g. reference frame, coordinate point, etc. But the convention is not arbitrary, since, firstly, it is in relation to specified particulars, and, secondly, we appear to exercise distinct and valid empiric control over the license. Thus the present stance rests on interpreting a theory embedded distinctly testable symmetry - i.e. an active symmetry - to be a posit about the existence of one or another equivalence class or uniformity feature in the domain of, and hence with respect to, the embedding theory. Such symmetries are thus posits about the projectibility of the theory across what may be regarded to be specific features of the Principle of the Uniformity of Nature (PUN) in the domain of the theory.

The above salient features of theory embedded symmetries, particularly as they touch on the basic chronogeometric symmetries, form the foundation of the present stance. For they suggest how theory embedded symmetries could have circumvented the projection and model mediation problems inherent in tests of their embedding theories; problems that cast doubt on the validity of those tests, and hence on the objectivity of the theories. The circumvention of both problems in tests of theories would mean that the theories could posses an objective character and that we could have good rationales for their projection, and hence application, within their respective domains. And given that in the context of the set of the CC symmetries function as crucial constraints in theory formation, the idea that tests of symmetries are free of the sort of projection and model mediation problems effecting tests and applications of theories, and hence could circumvent those problems as they touch on their embedding theories, indicates how symmetries could have empirically guided physics towards deep objective progress, within the setting of those CC. 

To recapitulate: We considered the challenge posed to the validity of tests of foundational theories by the inherent problems such tests encounter: projection and model mediation. I have suggested that those problems could have been circumvented by the apparent distinct and valid testability of the symmetries the theories embed; symmetries possessing a structural character. In particular, the distinct and valid testability of the basic chronogeometric symmetries could have brought under distinct and valid empiric control the implicitly held spatio-temporal form-invariance hypothesis, or spatio-temporal projectibility hypothesis, in respect of those symmetries and their theories, across test-intervals of the theories. Consequently, a theory's performance (as regards scope) and spatio-temporal projectibility (invariance) could be concomitantly, but distinctly, under valid empiric control, across such intervals. In the light of the present stance, or criterion, regarding the possible Tr of an hypothesis - that there be a possibility of us having some distinct and valid empiric indication of its scope and projectibility - the possibility of such control could be a good indication that the theory is truthlike. Moreover, the structural trait of the basic chronogeometric symmetries provides an account of the spatio-temporal projectibility of their embedding theory across its test-intervals, an account which jointly with the apparent distinct and valid empiric control exercised over the symmetries across those intervals, could have functioned as an unnoticed good rationale for the spatio-temporal projectibility of the theory in its applications, within its domain. 
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1. Introduction
Sect. I proposed the idea that we consider the source of the conjectural objectivity of the foundational theories of inertial physics to be the spatio-temporal symmetric-generality, or spatio-temporal projective generality, imparted to them by the apparently distinctly and validly testable basic chronogeometric symmetries they embed. On this view, each symmetry could endow the theory with, and thus be the source of, a component of its Tr. But since all embedded testable symmetries, both continuous and discrete, may confer on their embedding theory some projective generality, all such symmetries could be the source of components of the Tr of their embedding theory. And the entire testable symmetricity of a theory, or its testable symmetric-structure, denoted here by S(T) - which may include asymmetries - could be the source of its comparative Tr, vis-à-vis the Tr of a sequence of theories comparable with it; a sequence of theories all of which satisfy the CC, and of which the theory in question is but a part. Thus whilst the basic chronogeometric symmetries are indicative of the continuous uniformity aspects of the spatio-temporal generality of their embedding theory - by indicating the homogeneity and isotropy traits of the spacetime of their theory - the other symmetries, whether continuous or discrete, suggest their theory's projective generality with respect to other aspects of the theory's domain; aspects to do with either space, or time, or spacetime, or in the case of internal symmetries, the traits of the items whose interactions the theory is meant to account for: e.g. charge, phase, spin, etc.. Mutatis mutandis as regards asymmetries that suggest their theory's restricted projective generality. A composite of such testable projective generality conferring symmetries and projective generality restricting asymmetries, representations of which are embedded in a theory, forms the symmetricity of the theory, its S(T), posited here to be the source of the Tr of the theory T - where source is to be understood in a sense of to enable, of making it possible, and hence also of being able to be indicative of, within the setting of the CC. This conjecture also follows from the intuitive idea that, ceteris paribus, extent of projectibility or extent of projective generality ought to govern extent of Tr, since the true theory ought to be maximally projectable.

The possibility that within the context of the CC, S(T) could be the source of the Tr of T, hence also of its comparative integrative generality (scope) - on the assumption that Tr governs that generality - is also indicated by the consideration that S(T) is intertwined with all other distinct hypotheses encapsulated in T, i.e. with both its nondynamic and dynamic structures. Thus in the context of the CC, S(T) appears to largely condition, if not entirely determine, the physical content of the theory. In particular, all symmetries and asymmetries that are one way or another linked to a theory's spacetime, determine some structural feature of that spacetime, and such features play  crucial roles in both the kinematics and dynamics that theory is meant to govern. For example, the Lorentz symmetry, meant to govern the relation between observations of the same events in different relativistic frames, by itself (Havas, 1964, p. 942)., '... determines all of the space-time structure and much of the physical content of the theories required to be invariant under these groups. However, it does not determine the physical content entirely. There may be several specific laws which satisfy the invariance requirements, and the decision between them must be based on experiment'. This view may be understood thus: as indicated above, the CC rule out Jeffreys' aberrant hypotheses and could enable positive selection to occur via deductive-empiric means. In that context, the symmetry governing admissible transformations between different frames, the principal symmetry of the theory, determines the metric structure - i.e. the compatible chronogeometric and inertial (affine) structures - of the theory's spacetime. But in selecting a particular nondynamic spacetime structure, the principal symmetry also restricts the sort of dynamic structure that may be contemplated for the theory. For the dynamic structure should, ideally, satisfy that same principal symmetry, because otherwise the theory will be symmetrically incongruous - an apparently unsatisfactory trait, as we shall see. Other symmetries, as well as asymmetries, further restrict our choices, within the context of the CC. Of course, whether all these constraints ensure a unique truthlike theory for a given domain cannot be guaranteed. All that can be done is to test the entire package against the evidence coming from the interaction in question, including the distinct evidence relating to the entire embedded symmetric-structure, posited here to be the source of the comparative projective generality, and hence comparative Tr of the theory - comparative in relation to a sequence of comparable theories. We may thus look on S(T) as being part and parcel of T qua absolute element, acting (but not being acted on) as a powerful selective constraint on both the nondynamic and dynamic structures of T - absolute, that is, within the bounds of T's domain, i.e. within the bounds of the parsimony constraint. The extent of the symmetric-structures of a sequence of comparable theories is apparently the decisive factor as regards the extent of their domains. It is thus not surprising to find that in the context of the CC, symmetries are of great heuristic value as regards both theory construction and choice (Redhead, 1975; Wigner, 1979, Ch.1; Froggatt and Nielsen, 1991; Icke, 1995; French, 1995).  

The following illustration may perhaps help clarify what may be going on: consider a test-interval containing a quasi-isolated test-phenomenon - say an electron beam - under controlled conditions, as regards pressure, electromagnetic field, etc. We test our theory of electrodynamics against this phenomenon. Now the theory intertwines its S(T), meant to be a representation of a part of a posited invariant structure of physical reality, with other representations of such posited items as spacetime (or metric), electromagnetic field, etc. We are thus presupposing the existence of an invariant structure and other items within the test-interval, and that this structure and other items have some relation to each other. Our "observations" of this phenomenon are meant to reflect all this. But within these "observations", or outcomes of "observations", we can discern distinct consequential "signatures" in the form of effects, of the invariant structure prevailing within the interval in respect of the theory, and hence the distinct empiric criticizibility of the theory's S(T). The remainder of the outcomes of "observations" must then be consequences of the other items, and of the relations between the invariant structure and other items. The supposition then is that S(T), distinctly corroborated by the distinct "signatures" of the symmetries composing it, is the source of the Tr of the theory: the source of the comparative extent to which the theory could have got the entire test-phenomenon right. The clue for this supposition is that the extent to which the theory "captures" the phenomenon, or the reality encapsulated in the test-interval, would depend on the extent to which the theory is able to "connect" with physical reality at large, and that, it is supposed here, would depend on the Tr of its S(T), provided the theory satisfies the CC. Thus, within the test-interval, we could have direct empiric access to an invariant structure in relation to the theory; a structure which, if itself truthlike, could govern the theory's Tr: its comparative extent of being in touch with physical reality, and hence its comparative extent of projectibility across that reality - comparative in relation to its competitors. 

The stance thus rests on the view that whilst any theory embedded symmetry could potentially be physically significant, only those symmetries that are (or could be) open to distinct and valid empiric scrutiny could in fact have such significance - mutatis mutandis as regards theory embedded asymmetries. That significance consists in pointing to a symmetric feature of the domain of the theory in question, and hence to the projectibility of the theory across that feature. Thus the entire testable symmetric-structure of the theory, its S(T), could be a measure - albeit not one to which we could assign numbers - of the comparative extent of the projectibility of the theory, and hence of its comparative Tr.

2. Truthlikeness characterized
In sect. A it was suggested that the Tr, or comparative epistemic fitness, of a bit of knowledge in the evolutionary context could be a composite of two components, i.e. fitness in the sense of the extent of the class of phenomena captured by the bit (its integrative generality, or scope), and fitness in the sense of extent of projectibility of the bit (its projective generality), which would demarcate its niche (domain). It was further suggested that the extent of the two components of Tr may be expected to become correlated, consequent to natural selection acting concomitantly but distinctly on them. Now it seems that corroborative success may reflect a controlling process that would mimic natural selection in relation to the foundational theories, given that it could be distinctly indicative of the comparative integrative and projective generalities of a theory. Thus in relation to a foundational theory, its comparative composite epistemic fitness could be reflected in its overall corroborative success, obtained locally. But within that overall success we can apparently discern the distinct contribution of the symmetric-structure of the theory, of its S(T), interpreted here to reflect the theory's comparative projective generality in respect of its rivals, and meant to be the source of its comparative composite epistemic fitness, its Tr. It is thus the symmetricity of a theory that is meant to endow it with some projective generality, and hence with Tr, which could then govern its integrative generality. Tr may thus be characterized as symmetric-structure-likeness, relative to the true maximal symmetricity S(T0)  of a posited true goal theory T0 ; where T0 is meant to be true of our universe at some t0 near the Big Bang. The notion of Tr is thus linked to a similarity relation the respective invariant-structures of a sequence of comparable theories have with the symmetric-structure S(T0) of T0  - or with relevant part(s) of S(T0) – and hence with each other. "Similarity" understood in the sense in which, for example, Galilean invariance resembles, as well as differs from, Lorentz invariance; 
 U(1) and SU(2) resemble, as well as differ from, SU(2)(U(1); etc. What these examples indicate about predecessor and successor symmetric-structures (which are more extensive then the examples suggest) is that they are both similar and diverse: (a) they are similar in form - in that both are composites of symmetric traits of their theory, revealing posits about the existence of equivalence classes in respect of their theory, and they are also similar in that they share some formally similar symmetries, e.g. the basic chronogeometric ones; and (b)  they are diverse in content -  firstly, in extent, because successor symmetric-structures explicitly differ from their predecessors, either because of some structural difference (as between Lorentz and Galilean structures), or because they contain a symmetry which its predecessors lack, or both; and, secondly, in kind, because their shared formal symmetries are generally not structurally identical, since their particular sense depends on their particular theoretical context, e.g. the particular spacetime of that context. Now (a) suggests symmetric continuity, in that it reveals a common symmetric strand, whereas (b) suggests symmetric discontinuity, in that it reveals diverse symmetric contents as between predecessors and successors, indicating diverse extents and kinds of symmetric-structure. Thus a similarity relation signifies both similarity (continuity) of symmetric form and diversity (discontinuity) of symmetric content, i.e. of symmetric extent and kind. Now each S(T) is posited here to have such a relation with S(T0), but these relations differ from each other because each S(T) differs in content from the rest. The differences in these relations could attest to the differences in degree to which each S(T) approximates S(T0). But this approximation signifies a degree of similarity in content, i.e. in extent and kind of symmetricity: the more similar the content of an S(T) is to the content of S(T0), the closer S(T) approximates S(T0). Accordingly, the posit is that Tr, qua symmetric-structure-likeness, for a sequence of comparable theories satisfying the CC, stems from the common symmetric form of their respective symmetric-structures, and from the uncommon degree to which these structures approximate (in content) the symmetric-structure of the true theory; an approximation that can be understood to be a likeness relation. Thus the likeness or similarity relation refers to likeness of common symmetric form (suggesting continuity), as well as to likeness of  uncommon symmetric content, i.e. of uncommon extent and kind of symmetricity (suggesting a discontinuous stepwise approach to the true symmetric-structure and thus to the true theory); and importantly, comparative extents of symmetricity are roughly discernable.
The idea that similarity, as between both formal and physical structures, could be characterized by symmetric traits is traceable to group theory, as Weyl (1963, p.73) saw: '... similarity is symmetric and transitive...'. He also understood that the symmetry notion could hold the key to elucidating the notion of objectivity, i.e. to elucidating the idea of a formal structure being objective or representative (pp. 104 and 123-124; and Ladyman, 1998). For if symmetric traits are taken to characterize similarity as between both formal and physical structures, then the possibility arises of a similarity between the symmetricities of formal and physical structures; a similarity, with the help of which the formal structure could latch onto the physical one. In the present context, a sequence of comparable theories are thought to be similar in the main, in virtue of the similarity relation their respective symmetric-structure sustains with that of the true theory. And the transitivity of the group-theoretic notion of similarity is thought to hold in respect of such similarity relations. The link suggested here between Tr and S(T), in relation to theories satisfying the CC, may be seen to extend to theories the intuitive idea, generally entertained in relativistic quantum physics, in respect of observable quantities: that to attribute reality status to such observables requires, qua necessary condition, that its distinct formal representation in a theory, be both Lorentz and gauge invariant, and hence frame and gauge independent (sect. D). The independence of the form of a theory from the items of the equivalent classes implicated by its embedded symmetry hypotheses - meant to be distinctly and validly testable - is considered here to be the source of its objectivity; and the comparative extent of such independence, among a sequence of comparable theories, is thought to be indicative of their comparative extent of projectibility, and hence of their comparative Tr.  

We arrived at the above symmetric characterization of Tr by interpreting testable theory embedded symmetries to be indicative of aspects of the projective generality of their embedding theory, or aspects of the legitimate projectibility traits of that theory. But there is another perhaps more intuitive view of the source of the above characterization, which may be pictured thus: In a theoretical context satisfying the CC, testable symmetries relate seemingly disparate concepts (or, from a realist view, their objective counterparts), e.g. time and energy; protons and neutrons; etc.. Now consider an all unifying physical theory T0 that would be true of the state of our universe at t0, a state in which all states that evolved from that original state would be latent. Presumably the symmetricity of that theory S(T0), in which all further evolved symmetricities would be latent, would relate all seemingly disparate concepts involved in the description of that original state, and could thus be indicative of the truth of T0. Now the symmetricity of a foundational theory S(T), would presumably relate all disparate concepts involved in the description of its domain. The posit here is that this S(T), which is latent in S(T0), would have a similarity relation with S(T0), the true symmetricity of the true theory; a relation characterized above, and which could thus endow the foundational theory with its Tr. On this view, it is no surprise that symmetric considerations are crucial in attempts to advance the unification program in physics.

Thus the more the S(T) of a theory resembles S(T0) the more of our universe at t0 would one expect to be captured by the theory, and hence the more extensive ought to be the theory's scope or its integrative generality, and hence the more informative ought the theory be. Today's tested symmetric-structures - tested under ordinary conditions or under artificially created conditions of earlier periods of the universe - are thus thought to have been latent in the state of our universe at t0; latent qua propensities of that state, which upon cooling, gave rise, apparently, to "phase transitions", accompanied by spontaneous symmetry breaks. Thus the domains to which the present theories are applicable - including domains that may no longer exist in the natural state but which are reproduced in the laboratory - together with their invariant-structures as indicated by their respective governing theories, would have been latent in the state of our universe at t0. It is, of course, possible that other universes with different domains and symmetric-structures than those of ours, were also latent in that original state; universes which may, or may not, have been realized. 

But although the realization of our universe may have been contingent, and although its persistence may also be contingent, our theories about it, or about parts of it, are true of their respective theoretical domains "timelessly" (spacetime independently), i.e. regardless of whether or not those domains are ever realized. This follows from a point expressed by Fetzer thus (1998, p. 31): '... the subjunctive conditionality of lawlike sentences means that natural laws make assertions about what would be the case, whether that happens to be the case or not.' But those theories, it is suggested here, could be truthlike, again "timelessly", in relation to the true theory of physical reality at t0, in virtue of a similarity relation their symmetric-structures would have with the symmetric-structure of that theory. But they could also be truthlike vis-à-vis their approximately realized domains (whenever and wherever such domains are instantiated, domains which would include approximate realizations of their symmetric-structures), that were parts, qua propensities, of the approximately realized domain of the true theory at t0. Their Tr in respect of their real domains would be in virtue of another similarity relation (again in the sense of form and  content, hence extent) their symmetric-structures might have with their approximate counterparts in those domains; counterparts, to which we appear to have distinct and valid empiric access. This possibility follows from the idea that similarity, as between both formal and physical structures, could be characterized by symmetric traits - as noted above - and from the idea that the real domain of a theory is a part of the real domain of the true theory, to which the theory in question has a truthlike relation via its symmetric-structure. The symmetric-structures of the theories could thus effect the relevance of their "timeless" Tr, vis-à-vis the true theory, to contingent parts of a contingent real world; a world that is an approximate realization of the world of the true theory. Thus the theories could stand in a truthlike relation to both the true theory and their real domains, in virtue of their symmetric-structures, which would thus be the source of both relations. And our apparent distinct and valid empiric access to contingently existing symmetric-structures in the real domains, may give us access to their "timeless" theory embedded counterparts. 
 This picture could account for our experience that, within the confines of the CC, symmetric-structure appears to largely condition both the character and bounds of the domain of a theory. Thus the particularity (or diversity) of the symmetric-structures of a sequence of comparable theories could account for the domain specificity of individual theories (as exhibited by their attendant validity conditions); and the posited similarity those structures sustain with S(T0), hence also with each other, makes a realist conception of the unification program in physics possible, notwithstanding this specificity (sect. I). Now if comparative Tr governs comparative corroborative successes, then those successes could indeed be indicative of Tr, and hence have projective imports. But Tr is not inferred from either those successes or from explanatory successes. The idea of its possibility stems from the posited similarity relation that a theory's S(T) may have with S(T0), or with its relevant part(s), and from the way in which each theory could connect with its real domain via that same S(T). And the apparent distinct and valid empiric control over S(T) (real) - meant to stand for the theory's projective generality - suggests how the induction (projection) /apriorist problem, as it relates to these theories, could have been circumvented.
  

3. Popperian corroboration vs. corroborative success 

Now contrast the above stance with that of Popper. Popper's (1977, p. 282) degree of corroboration is meant to be an outcome of the current state of a 'critical discussion' about 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) ...' (my italics). Degree of corroboration is thus not a measure of Tr, since such a measure would have to be timeless, and corroboration, being temporally indexed, is clearly not timeless. But not being timeless, it can have no projective import. It can therefore not serve to be a rationale for the projection (application) of hypotheses. Popper's attempt to mitigate this damaging consequence by suggesting that corroboration can be regarded to be an indicator of Tr is ineffective, because that would suggest that it does have projective import and is thus inductive in character, because that projective import has no distinct and valid deductive-empiric base (see also Watkins, 1991). On the present account of the Tr of 

the foundational theories, however, the source, hence also measure (albeit unquantifiable), of their Tr, i.e. their S(T) and its relation with S(T0), is indeed timeless. Nonetheless, we appear to have empiric access to this timeless source of Tr via our distinct and valid empiric access to its realized approximation, S(T) (real), a part of realized approximations of the theoretical domain of T. Thus although our contact with the contingent approximate realization of the source of Tr is spatio-temporally indexed, that source is timeless. And given that Tr governs corroboration, in the sense of corroborative success, that success could indeed be indicative of Tr. But since the source of that Tr is timeless, corroborative success could have projective import, notwithstanding its spatio-temporal indexation; projective import with respect to the domain of T, the character and extent of which is largely conditioned by that source, in the context of the CC. And our apparent distinct and valid empiric access to the approximate realization of the timeless source of Tr - by discerning the distinct outcomes of our tests of S(T) (real) in the overall corroborative successes of T - could serve as a good rationale for that projective import. As regards the foundational theories of inertial physics, therefore, their corroborative successes could indeed have projective imports, in virtue of the part of those successes due to their respective symmetric-structures; structures that could have projective implications for their embedding theories, and which are apparently empirically accessible via tests of their approximate realizations. The projective import of the corroborative success of a foundational theory would extend up to the bounds of the theory's domain, wherever and whenever such a domain is realized
Another view of how the corroborative success of a foundational theory could acquire projective import is this: Prima facie, we cannot take that success to have projective import, from a critical rationalist point of view, because prima facie that success is acquired via tests plagued by projection and model mediation. The suggestion here is, however, that the distinct and valid testability of the symmetric-structure of the theory (which largely demarcates its domain, i.e. its extent of projectibility) could have circumvented both problems in respect of both itself and the theory. But then the distinct success due to the symmetric-structure could have projective import, which it could have imparted to its theory. So corroborative success could indeed be indicative of truthlikeness, and hence have projective import; But it is a projective import with a deductivist-empiricist underpinning, because the distinct part of that success due to the relevant symmetric-structure - the part responsible for the projective import of the success - was obtained via distinct and valid tests.
Thus Popper could not claim that his 'degree of corroboration' could actually be an indicator of Tr, since any reason he could have given for that view would have been tainted by the inductivist/apriorist dilemma. He could only suggest that corroboration could be regarded to be such an indicator; presumably on the ground of the vague idea that the critical discussion regarding a set of competing hypotheses is meant to be a discussion '... from the point of view of assessing their nearness to the truth.' But, it seems that in respect of the foundational physical theories, we may have a more cogent reason for supposing their Tr: the distinct empiric indication that physical reality possesses an invariant structure, specific parts of which may demarcate an epistemically valid projective arena for the relevant theory. Whether the notion of Tr, qua symmetric-structure-likeness, can be given a formal explication is an open question. (How this characterization looks in comparison to available formal approaches is discussed in sect. H). The suggestion is, however, that if we think of the Tr of the foundational theories in this sense, then their Tr could be under critical empiric control; a control that could have guided physics towards deep objective knowledge way beyond the phenomenological level. Of course, this control is local - tests of S(T) can only be done within test-intervals; thus, it too has a spatio-temporal index attached to it, just as the corroborative success of the corresponding theory. But if the above thesis is sound then it is control over a timeless trait of T; a trait that appears to be an expression of the very hypothesis that T is projectable within real approximations of its theoretical domain, wherever and whenever such domains are instantiated. (The problem raised by the local character of our apparent empiric access to S(T) forms the key objection to the present stance. It is more fully discussed further in this section.)

It follows from this picture that testable symmetries (and asymmetries) could have empirically guided physics towards theories of increasing Tr, within the guiding context of the CC. It also follows that projective generality, as imparted to a T by its S(T), and integrative generality, should go hand in hand  in a sequence of comparable theories, satisfying the CC - which appears to be born out, as we shall see. The reason for that possibility is that extent of projective generality is meant to govern extent of Tr, which in turn is meant to govern extent of integrative generality (scope). And distinct empiric control exercised over the two generality traits - on the assumption that corroborative success distinctly reflects both - could rationally underpin our projectivist intuition that the two generality traits should go hand in hand. In the light of this stance, comparative extents of corroborative successes may indeed be indicative of comparative Tr - as most physicists would suppose - but that idea is here not inferred from those successes. Thus most physicists' guess that the best corroborated theory is the most truthlike theory is likely to be sound. 

The foundational physical theories appear to be unique hypotheses in science, in that, independently of their comparative successes, we appear to be able to discern distinctly their comparative projective generality or projective arena or domain. This possibility is indicated by the theories encapsulating what appear to be distinct hypotheses regarding their projectibility across diverse features of a model of physical reality; distinct hypotheses that appear to largely condition the extent of their theoretical domains (within the confines of the CC), and which are apparently empirically accessible in a distinct and valid manner, in approximate realizations of those domains. The corroboration of such projective hypotheses may have functioned as unnoticed good rationales, based on distinct and valid empiric scrutiny, for the applicability of the theories within their respective domains across physical reality, i.e. wherever and whenever their respective domains are realized; rationales that may account for the successes of such applications. From this perspective we need not be surprised that our attempts to link these theories with both relatively simple test-phenomena and complex phenomena are so successful; where the links with complex phenomena are often effected via laws which the theories account for, and which thus inherit some of their projective hypotheses. Thus we need not be surprised at the amazing corroborative and explanatory successes of the theories.

4. On the possibility of objective progress in physics 

Suppose that the apparent enhanced empiric adequacy (corroborative success) accompanying every major theoretical step in the development of physics is authentic. Thus suppose that in each such step - whether from laws to a theory, or from one theory to another, or from several theories to a single theory - the apparent enhanced empiric adequacy of the succeeding theory compared to that of its predecessor(s), outweighs any possible losses - whether Kuhnian or others (Kuhn, 1970, p. 169, and Post, 1971).
 Then the above posit - linking extent of similarity between S(T) and S(T0) with extent of Tr, and thus with extent of empiric adequacy of T - leads us to expect that all such adequacy enhancing steps should have been effected by a novel more symmetric theory, possessing a novel more extensive S(T), than that of its predecessor(s); a novel S(T) that would, nonetheless, exhibit some similarity with its predecessor S(T)-s. From the present perspective, such a novel theory may be expected to have a more extensive domain than that of its predecessor(s), since on that view diverse domains of diverse theories would be characterized (largely conditioned) by the particular traits and extent of their symmetric-structures, within the setting of the CC. These expectations appear to be born out, at least in so far as advanced theoretical steps are concerned - as may be gathered from the two Sketches at the end of this section, where an outline of the stance is also given.
 Thus from the viewpoint of the present stance it is not surprising to find that, in the context of the CC, novel symmetries and asymmetries should have been the key to steps that would be both performance enhancing and unifying.
 An apparent exception is the step from Newtonian dynamics to non-relativistic quantum theory, the symmetry group of their spacetimes both being Galilean. However, the S(T) of quantum theory does differ from that of Newton's theory, because, in addition to satisfying the Galilei group, quantum theory takes account of a number of testable symmetries that are absent in the Newtonian case, e.g. Planck's invariant h
, permutation invariance (see note 19), etc. The S(T) of quantum theory is thus both novel and apparently more extensive than that of Newton's theory. Another possible exception is the step from Newtonian dynamics to special relativity, where the move from Galilean to Lorentz  invariance stays within the class of inertial frames. Nonetheless, the Lorentz symmetry is clearly an important correction of Galilean invariance, a correction manifested by its inclusion of c,
 (which thus becomes an intrinsic part of special relativistic dynamics, quite independently of Maxwell's equations (M.E.)), and by its revolutionary implications for our conceptions of space and time (with respect to the domains of special relativistic physics, including its quantized versions, i.e. the relativity of simultaneity and of spatio and temporal intervals). The Lorentz symmetry is thus clearly novel, and apparently more extensive than the Galilean one. The suggestions that follow from the present stance - which links the Tr of comparable foundational theories to a similarity relation between their respective S(T)-s and S(T0), and hence between their S(T)-s and their approximate realization - that in the context of the CC, truthlike progressive developmental steps could have been effected only by a novel theory with a novel, apparently more extensive, symmetric-structure, and that such steps be accompanied by enhanced empiric adequacy, appear to be born out by at least the advanced theoretical steps in the development of physics.
 

But the idea that, given the CC on theories, truthlike progress could be had only via theories with novel more extensive symmetricities, is thought to hold also for steps from laws to unifying theory; as in the case of the step from the two dimensional Galilean symmetry of the laws of Kepler and Galileo to the three dimensional Galilean symmetry of N.T.G.. The Sketches do not show those steps, they only show how the unifying theories - N.T.G., Cl.E.D., R.E.D., and non-relativistic Q.E.D. -  were obtained, i.e. by combining a source theory - N.D. or Q.T. - with a specification of the respective relevant interaction -1/r2 or M.E.. Interestingly, the ensuing theories - N.T.G. and R.E.D. - have the same principal symmetry as their respective source theory, i.e. Galilean and Lorentz, respectively. However, the ensuing theories - Cl.E.D. and non-relativistic Q.E.D. - acquire what may be termed an incongruous symmetricity, because the principal symmetry of the source theories is Galilean, which clashes with that of M.E., which is Lorentz. Thus the classical, and non-relativistic quantum mechanical, treatments of the electromagnetic interaction are symmetrically incongruous, i.e. their nondynamic and dynamic structures are symmetrically incongruous. Whilst incongruous symmetricities may be thought to be both novel and more extensive than those of the laws that preceded the theories, suggesting apparent progress, a theory with an incongruous symmetricity is, from the present perspective, "problematic". This is because the similarity of an incongruous symmetricity with the symmetricity of the true theory may be expected to be "problematic", i.e. unlike the similarity of a non-incongruous symmetricity with that of the true theory. Moreover, since incongruous principal symmetries implicate two diverse spacetime structures for the same theory, the relation of such a theory, its spacetime and symmetric structures, with the true theory and its spacetime and symmetric structure is, expectedly, going to be "problematic". We are thus led by the present stance to the view that further progress in electrodynamics should have depended on the removal of the symmetric incongruity that characterizes both Cl.E.D. and non-relativistic Q.E.D.. This is born out, although what exactly motivated those bringing that about is not entirely clear. Nonetheless, the symmetric incongruity of Cl.E.D., which could not accommodate both the constancy of c and the relativity principle, could have led Einstein to his special relativity, an electrodynamics (R.E.D.), the principal symmetry of which is purely Lorentz (Schilpp, 1969, pp. 53-57); and the symmetric incongruity of non-relativistic Q.E.D. may have led to the construction of relativistic Q.E.D. - the first exemplar of a Q.F.T. - the principal symmetry of which is again purely Lorentz. Thus symmetric incongruity, in analogy with theory-evidence inconsistency, can stimulate the quest for better performing and unifying theories. Not surprisingly, therefore, progress in theoretical physics, particularly in the past century, has been driven not just by refutations, but also by the aim at unification, in respect of which positing novel symmetries has been central. 

Another point discernable from the sketches is that deep progress in physics required taking on board both fundamental invariants, c (via S.R..), and h (via Q.T.); something also to be expected from the viewpoint of the present stance. Thus in accord with that stance, progress in inertial physics required going beyond the symmetric incompleteness of both S.R. - which fails to take account of h and hence of quantization and the symmetries that flow from it - and Q.T. - which fails to take account of c and hence of the Lorentz symmetry. And to progress from N.T.G. to G.R. required going beyond the inertial context. Although this latter step fails to take on board h, a future Q.G. theory will, of course, have to do so. The strands leading from laws to theory all end in dead ends. From the present viewpoint this is because those theories either fail to take on board both fundamental invariants, or they are symmetrically incongruous, or both – the case of Cl.E.D. Non-relativistic Q.E.D. does take on board both fundamental invariants – via Q.T. and M.E. - but it is symmetrically-incongruous, which can account for it leading nowhere.
A further point discernible from the Sketches is that if the gauge symmetries are given a geometrical interpretation (Cao, 1988), then the development of physics suggests that, within the setting of the CC, an enhanced symmetric generality, or symmetric similarity, or enhanced projective generality, generally, and expectedly, goes hand in hand with an enhanced geometric generality - generally, since the step from N.D. to Q.T. appears to have no enhanced geometric generality associated with it. One way in which that exception could perhaps be understood is by viewing Q.T. to be but an essential correction of N.D.. Be that as it may, progressive steps appear, generally, to have been effected by a novel theory possessing a novel more extensive (general) symmetric-structure, as well as a more general geometric arena compared to those of its predecessor(s). 

Thus if symmetries are indeed truth telling then it follows immediately that both special relativity and non-relativistic quantum theory are incomplete, due to their symmetric incompleteness. Of course, quantum theory may be incomplete - at least in respect of individual systems - even in respect of the non-relativistic level (i.e. independently of failing to take account of the Lorentz correction of the Galilei group), but if that is the case, then its incompleteness in respect of the relativistic level may have something to do with that more intrinsic incompleteness. The distinct way in which the two theories are symmetrically incomplete exhibits what may be their crucial formal incompatibility, leading to clashes on the state description, as well as on possible ontic implications: determinism vs. indeterminism, continuity vs. discreteness, and locality vs. non-locality (sect. E). Whether the quantum field theoretic approach to a greater symmetric completeness is sound may be too early to tell, given the divergence problems attendant with that approach (sect. G). The incompleteness of any theory not taking account of both c and h is highlighted by the consideration that both invariants are essential ingredients in an account of the currently observed stability of atoms, molecules, etc. (Icke, 1995, Ch.9). 

Now whilst a successor theory is incompatible with its predecessor(s) - theories and/or laws - the predecessor(s) can at least be regarded to be limiting cases of, or approximations to, their successor, but the symmetric-structures of the predecessor(s) are not necessarily limiting cases of the symmetric-structure of their successor; although, as indicated above, similarities between a succeeding symmetric-structure and its predecessor symmetric-structures do obtain. However, it does appear that the projective generality, or symmetric generality, of a successor theory is more extensive than that of its predecessor(s) - theories or laws. In the light of the present stance that situation is to be expected, but it violates what Redhead (1975, p.103) termed the Curie-Post Principle - the idea, '... that in cases of reduction the L-theory [the successor theory] cannot be more symmetric than the S-theory [the predecessor theory].' Thus the correspondence between successor and predecessor(s) must be such as to allow for the violation, which apparently indicates that the correspondence may not be such that it could be given a complete formal account. But that situation is to be expected, given the incompatibility between successor and predecessor(s) and the ensuing incompleteness of any reduction of the latter to the former. Be that as it may, the similar but also diverse symmetric-structures of successor and predecessor(s) - theories or laws - suggest that they may share different aspects, as well as different amounts of the same aspects, of the posited symmetric-structure of physical reality. Those structures indicate that laws and theories may partake in a common structural but also content bearing thread, notwithstanding any other structural and/or conceptual incompatibility between them, which indicate incompatibilities as regards ontic items other than symmetric-structure. Of course, successor and predecessor(s) are also incompatible in relation to what they suggest the symmetric-structure of physical reality might be, but that is just what would be expected if the present view regarding a stepwise approach towards the true symmetric-structure is sound.

Thus, this study suggests that there are two distinct generality traits that may be associated with a foundational theory, and perhaps with any hypothesis linked to such a theory. Integrative generality, or generality in respect of scope, and projective generality, or generality in respect of extent of projectibility. And if in a sequence of comparable such theories satisfying the CC, we interpret the posited similarity of their S(T) with S(T0) to govern their comparative extents of projectibility - and hence their comparative Tr, which then governs comparative corroborative success - then the indications are that the empiric consequences of the two generality traits of the theories are distinctly discernible in their corroborative successes; further, that the extents of the two generality traits in the sequence of theories are correlated, so that if a theory exhibits an enhanced integrative generality then it also exhibits an enhanced projective generality, which is what a realist, projective generality conferring view of physical symmetries would lead us to expect. 

What of the status of physical hypotheses other than foundational theories and their symmetries: hypotheses about entities; distributions; laws governing correlations; and the non-foundational theories? Clearly, Jeffreys' aberrant term can be tagged on to all such hypotheses, bringing the validity of their tests into doubt.
 Could these hypotheses also be positively selected from Jeffreys' plethora of aberrant alternatives to them, thereby endowing them with some projective generality, and hence Tr, and thus projectibility, across, and within the limits of, their respective domains? It seems that their links with their parent, positively selected foundational theory - in the sense of being embedded in their parent theory, or being partly accountable by it, or partly reducible to it - suggests that possibility, because the parent theory can neither embed, nor form any account of Jeffreys' aberrant alternatives to such hypotheses, without violating the CC, in particular HP. Thus whilst Newtonian gravitational theory can give an account of Kepler's and Galileo's laws, it cannot do so for Jeffreys' alternatives to those laws, without violating the CC. The known laws can thus be regarded to be positively selected from among Jeffreys' alternatives to them by Newton's theory, suggesting that the laws may in part partake in the projective generality, or projectibility benefits of the symmetric-structure of Newton's theory, within a restricted domain of that theory. The laws could thus be truthlike on account of such positive selection. A clear indication of this possibility are the two dimensional symmetric-structures of these laws, compared to the three dimensional symmetric-structure of Newton's theory. 

More generally, if a theory satisfies the CC and is truthlike, then all of its distinct encapsulated hypotheses - those with distinct mathematical representation in the formalism that are not specifically deemed physically insignificant 'surplus structure' - may be expected to share in its Tr, and thus have physical significance within the domain of the theory. Moreover, any hypothesis mathematically linked to a truthlike theory, in the sense of being in part reducible to it or in part accountable by it, could also be expected to partake in the Tr of that theory within a sub-section of its domain, by partaking in the S(T) of the theory, thereby exploiting part of that symmetric-structure for its epistemic function. This possibility is most clearly seen in the case of the relation between laws and their explanatory theory; laws that are approximate models (solutions) of the theory and can thus inherit parts of its S(T). (To see such relations often requires the dimensional analysis of both the laws and the theory.) Thus hypotheses of lower theoreticity in some way mathematically linked to the foundational theories, may, in part and to diverse degrees, partake in the projective generality of the theory to which they are linked, and hence in the projectibility benefits of an invariant-structure of physical reality. Such hypotheses may thereby acquire an objective character.  

The incompatible ontic implications of the foundational theories of physics is perhaps the major problem facing scientific realism. Any attempt to meet this problem head on needs to posit diverse domains (levels) of physical reality, which, although their characteristics differ, share a common strand, with the aid of which the theories about the diverse domains could both relate to each other as well as connect to that part of physical reality they are about. It appears that symmetric-structure may constitute that common strand. Thus it might well be asked how it is that two foundational theoretic innovations of 20th century physics - special relativity and quantum theory - which differ so radically as to what they suggest physical reality might be like, could constitute the foundation for novel theories with high predictive and retrodictive powers: the quantum field theories. Or, alternatively, how is it that two testable theories suggesting such contradictory "worlds", could constitute the foundation for other testable theories suggesting still different "worlds"? Apparently, physicists resort unscrupulously to all sorts of available formalisms, and all sorts of mathematics - often in ways that shock pure mathematicians
 - and yet manage to produce novel testable formalisms, that suggest "worlds" that contradict those indicated by their foundations. The situation appears, prima facie, to be profitable grist for the non-realist mill. But according to the present stance - which suggests that, in the context of the CC, the similar but also diverse symmetric-structures of diverse theoretical structures could be the decisive factors regarding the character of the domains of the theoretical structures - a realist stance can be held in respect of all physical theories, including special relativity, quantum theory, and the quantum field theories, notwithstanding their apparent conceptual and structural incompatibilities. The apparent 'ontic variance' of succeeding comparable foundational theories of diverse domains may be accountable, in part by a posited actual variance between the diverse domains, and in part by the understandable limitations - in view of evolutionary and historical considerations - of our ordinary notions for interpreting deep physical reality. The latter consideration suggests that the 'meaning variance' of terms or concepts within diverse theories does not exclude the possibility of their 'reference invariance'. Significantly, this point has recently been given a formal account, particularly for theories whose relation to each other is formally characterisable via a 'similarity theory of truthlikeness' (Niiniluoto, 1997).

The case against convergent realism has often been based on historical cases exhibiting discontinuities - changes in concepts, meanings, structures, etc.- which call into question whether the sequence of hypotheses considered refer at all. But as far as the foundational physical theories are concerned - which satisfy the mathematical coherence constraint, including the demand that successors "recover" their predecessors - their varied formalisms are such that it is possible to show - admittedly not always in an unproblematic manner (e.g. h(0) - a predecessor theory (or theories, or laws), and even some of its (or their) basic concepts (e.g. mass, spacetime structure, etc.), to be mathematical limiting cases of its (or their) comparable successor theory, and some of its basic concepts. Thus in the case of the sequences of foundational physical theories - one sequence for each of the four interactions - an overall formal, albeit problematic, continuity can be discerned, notwithstanding the discontinuities. Moreover, the fundamental mathematical apparatus (e.g. the Hamiltonian formalism), which leads to both  predecessor(s) and successor, is the same - and hence so are some fundamental concepts, such as energy and the like.
 The most radical conceptual discontinuity occurs in the step from classical to quantum physics. But even here it is not difficult to see how it is that quantum effects, or the "wave" aspects of matter, become negligible, and hence indiscernible, in the classical world - should they exist there at all (sect. E). Thus, 'The Hamilton-Jacobi equation ... tells us that classical mechanics corresponds to the geometrical optics limit of a wave motion ...' (Goldstein, 1980, p. 489).
 (Admittedly, however, this way of characterizing the relation between classical mechanics and quantum mechanics is of no help in understanding interactions between classical and quantum systems, including quantum measurements. Sect. E) But formal theoretic continuity alone - problematic or not - even when accompanied by increasing empiric adequacy, cannot be indicative on whether the sequence in question instantiates a progression of theories of increasing Tr, without encountering the induction/apriorist dilemma. Thus, given the incompatibility of a sequence of theories, notwithstanding the continuity links between them, a convergent realist stance in respect of such a sequence requires a source of Tr that would be intrinsic to each theory, whilst at the same time forming a common thread; a thread capable of suggesting convergence towards a final true theory, within a common set of constraints. And if the induction/apriorist dilemma is to be circumvented then that source must be empirically accessible. The apparent distinctly and validly testable similar but also diverse symmetric-structures of the foundational theories, structures that could confer differential extents of projective generality on the theories, seem to meet those desiderata. The point is that whatever conceptual and structural discontinuities there may be in the apparently progressive sequences of comparable foundational physical theories (sketched at the end of this section), there does appear to be one continuity, in the form of a stepwise enhancement of extent of testable symmetricity, within the confines of the CC; an enhancement which suggests a concomitant enhancement of extent of projectibility, and hence the possibility of an enhancement of Tr.  

Thus the symmetric-structures of the foundational physical theories can provide an account of the possibility that sequences of such comparable theories instantiate objective progress, notwithstanding that such an account is also grounded on a formal feature of the theories. Of course, conceptual discontinuities remain, but as noted above, this problem is now considerably diminished given that 'meaning variance' need no longer be regarded in conflict with 'reference invariance'; and given that the problem is traceable, in part to actual empirically detected discontinuities between levels of physical reality, and in part to our biologically and historically explicable inability to wholly abandon our intuition-constrained ordinary notions - our Humean habits. Thus a physical theory may tell just what kind of "world" a particular domain of physical reality may be like. In particular, it may tell what sort of interactions to expect between the posited items of that "world", which puts us in a better position as regards the sort of effects to expect from such interactions on the phenomenal level, or, alternatively, the sort of outcomes to expect from our experiments. And we may suppose that a physical theory fulfils this task by a mathematical representation of its "world", using concepts appropriate for making mathematical sense of that "world". For example, classical electrodynamics and relativistic electrodynamics suggest that a mathematical representation of their "world" require the concept "electromagnetic field", whereas their successor, relativistic quantum electrodynamics, suggests that a mathematical representation of its "world" requires the concept "quantum field"; Newtonian gravitation theory suggests that a mathematical representation of its "world" requires the concept "flat space", whereas Einstein's gravitational theory suggests that a mathematical representation of its "world" requires the concept "curved space"; etc. Thus we may see a physical theory to suggest just what sort of mathematically expressible concepts are appropriate for giving its particular "world" a mathematical representation. And the correspondences between predecessor(s) and successor representations, particularly the similarity between their symmetric-structures, suggest that the diverse "worlds" of the different representations are but parts of a single reality, that may be partly grasped by a conceptual decomposition into parts. But do the distinct concepts of a representation of a particular "world" represent or refer to something out there? Do both "electromagnetic field" and  "quantum field" exist? I suspect that something like them exists in their respective "worlds", whether or not we have direct empiric access to them; and that these existents may, in some respects, relate to each other, because they may be but diverse manifestations of the same fundamental item at different levels (or scales) of physical reality.  But we should not expect to be able to make complete intuitive sense of such existents, their traits, and their possible relations. Thus if our instruments are designed to "see" the classical electromagnetic "world" then they will "see" the effects of the "classical field", and if they are designed to "see" the quantum field theoretic "world" then they will "see" the effects of the "quantum field". Mutatis mutandis regarding Newton's "flat space" and Einstein's "curved space". In all such cases the diverse preceding and succeeding concepts could be representations of items, and relations, that manifest themselves differently at different levels or within different domains of physical reality. The diverse concepts could be representations of such diverse manifestations, the effects of which are discerned by our instruments. (Shades of 'meaning variance' but 'reference invariance'.) All this suggests that the idea of a fundamental ontology of physical reality - which according to today's physics consists of but energy that can acquire two forms: matter (characterized by particles, or fermions) and radiation or fields (characterized by quanta or bosons) - is compatible with the apparent incompatibility of the implicated ontologies of succeeding physical theories; theories that are in effect domain (or level) specific (i.e. their validity being condition bound - sect.1). Thus Eddington's two descriptions of a "table" (1929) - the table of common sense (a classical solid structure) vs. the scientific "table" (an ensemble of micro physical entities) - are not incompatible (except, of course in terms of ordinary language), because they refer to the "table" under different conditions (i.e. different temperatures), or in different domains or "worlds". Hence the need for two different accounts, which would take into consideration the differences in those conditions, and their effects. But although the accounts differ, they do have significant deductive (or reductive) links, as well as symmetric-structures that are both similar and diverse. According to the present stance, the diversity of those structures (i.e. their objective counterparts) could be responsible for the diverse characteristic features of the two "worlds", hence of the "table" in them, whilst the similarity of the structures, plus the links between the accounts, indicate that the two "worlds" may have significant aspects in common. Thus Eddington's two "tables" may share the same ultimate constituents although differing in shape. Hence a realist conception of both accounts, and of their unifiability, is possible; and hence the idea that the two accounts refer to the same "table", but in different "worlds", is not incoherent.     

Another view of conceptual changes inherent in the move from predecessor to successor theoretical structures stems from a  realist conception of successful unifying theoretical steps, which attributes the possibility of such steps to objective features of the relevant reality. For example, the successful unifying step which led to S.R. - which was to place dynamics under the same Lorentz symmetric umbrella as that of the field equations of electromagnetism - could be attributed to the Lorentz symmetric structure, qua objective feature, of the domain of S.R.. This realist conception or account of succesful unifying steps can thus account for the appearance of novel concepts accompanying such steps; it can nalso account for changes in the meaning of existing concepts which may accompany such steps. Now it could be held that we have good reasons for this realist conception: the corroborations of the consequences of the outcomes of unifying steps, e.g. for the above case, corroborations of S.R.. But that is to argue from success to Tr; an argument held to be flawed (sect. A). Thus we require another reason for the view that unifying theoretical steps, or rather their outcomes, could exhibit objective features held to be responsible for the success of those steps, i.e. we require a good reason for the view that the outcomes of successful unifying steps, such as the foundational physical theories, are, or could be, truthlike. Given the proposed interpretation of theory embedded symmetries, the distinct and valid testability of the symmetric-structures of the foundational theories provides such a reason.
The above view of deep "worlds" and of our relation to them, suggests that we should not be surprised to find that in the quantum domain both matter and radiation (the two forms of the fundamental item energy - more on this below) exhibit, on the phenomenal level, traits that appear incongruent to our direct perception and their descriptions in its accompanying ordinary language appear incompatable: discrete corpuscularity (particle-likeness) and continuous undularity (wave-likeness), depending on the characteristics of our detecting instruments. The concepts of "wave" and "particle", and the distinction between them, are products of our evolutionary and historical conditioning. Their descriptive efficacy in ordinary life, as well as in classical physics, may have little relevance in respect of a domain that had nothing to do with either our evolution or our historical development. Nonetheless, we are compelled by our past conditioning to use those concepts, or their mathematical formulation, in an attempt to make sense of our experiences of deep domains. But in the light of that conditioning it is hardly surprising that this usage fails to yield the details of interactions between the phenomenal and deep domains; that conditioning also suggests that the sense in which ontic implications of incompatable concepts hold in the phenomenal domain may not be mirrored in deep domains. (Indeed there are today experimental indications that "wave" and "particle" features may coexist in the quantum domain - Busch 2002.) Our bafflement in the face of our experiences of the quantum domain is thus to be expected. (The problem is that whilst the present Q.T. accounts well for outcomes of measurements, it is difficult to form a realist interpretation of it that would account for how it is that those outcomes are what they are; sect. E) But that does not vitiate the possibility that each of a host of incompatable or inequivalent conceptual schemes may have some truth value in respect of different aspects of one and the same deep domain. We can thus view such schemes as complementary aids for a realist understanding of deep domains; and that resort to them is but a natural consequence of our understandable conceptual limitations in relation to such domains. Once we understand that resort to the idea of complementarity is forced on us by our evolutionary and historical origins then a realist conception of that idea, or of its import, is indicated. In this light, it is not surprising to find that both concepts, field and particle, could play significant roles in Q.F.T.-s, meant to be fundamentally about fields (Huggett, 2000; on how "wave" and "particle" appear in the light of Q.F.T. see Teller, 1996). In our attempt to make sense of deep domains the use of concepts that are incompatable in the lexicon of ordinary language and incongruent in respect of the phenomenal level does not vitiate the possible truthlikeness of the relevant theory. Thus complementary approaches to accounts of deep phenomena does not compel us towards the Kantian tenet that physics is only about our phenomenal experiences; which may have inspired Bohr's (1934, p. 19) view that physics ought to aim, '…only to track down…relations between the manifold aspects of experience.', which sits well with his subjectivist 'principle of complementarity'. Unlike metaphysical realism, which gives an intelligible account of the causes (or sources) of our phenomenal experiences - by positing mediated interactions between our cognitive apparatus and external domains of specific sorts - the Kantian tenet leaves us in the dark about those causes; because the suggestion that an unknowable noumenal world "causes" the knowable phenomenal one is both obscure and arbitrary. Being in the dark about the causes of our experiences, may incline us to attribute causal powers to the experiences themselves, and to hold that they effect the realisation of some items, and perhaps even the entire universe. A much simpler alternative is to see the interpretative problems posed by resort to incompatable but complementary explanatory schemes in respect of deep phenomena, as but a natural consequence of the understandable breakdown of our classical descriptive language in relation to such phenomena. 

Be that as it may, from the present standpoint, physics is about physical reality 'in and of itself'. All levels of that reality are posited to exist independently of our experiences, but what we "see" of deep levels depends on the interaction of our instruments with them, and on our theories of them, of the instruments, and of their interactions.
 And given our evolutionary and historical development within a miniscule part of physical reality, our ordinary concepts are at best only metaphorically suited for a description of what our instruments "see". But, apparently, some of us do have the imagination  needed to create mathematical structures that could be describing what our instruments "see". Thus both theories and instruments are probes, which jointly, and with the aid of background knowledge, may reach levels of physical reality inaccessible to our intuitive apparatus. On some such view, coupled with the idea that the similar but also diverse symmetric-structures of the foundational theories bestow on them differential extents of projective generality across physical reality, deep objective progress in physics is a clear possibility, notwithstanding discontinuities that ought to be expected. 

Consider next the relevance of the present approach for the problem of underdetermination

in respect of mathematically and empirically equivalent, but what appear to be ontologically inequivalent alternative formulations of one and the same foundational theory, of one and the same level or domain. The problem arises in respect of all foundational theories, with the possible exception of G.R. One approach to the problem considers future successor deeper more unifying theories as perhaps enabling us to discriminate between such alternative formulations, thereby selecting the relevant unique one (Rohrlich, 1996b). Another possibility is that indicated by Huggett (2000, p. 620) in relation to 'partially equivalent formulations' of Q.F.T.: '... a more agnostic view: the interpretational project can be one of finding multiple descriptions of the world compatible with a theory, each offering a different perspective on its meaning.' This view can be understood to express the realist conception of the complementary approach, and it is in line with the present stance, which takes the determining ontic item in each domain to be its symmetric-structure, presumed to be captured by the invariant traits of the alternative formulations. For whilst the different formulations may indeed provide diverse perspectives on the theory's meaning, given their mathematical equivalence they will have the same symmetric-structure. Thus we would expect diverse formulations of one and the same theory to be mathematically equivalent and to have identical symmetric-structures; a point born out, I think, in all cases, as regards alternative standard formulations. (The problem posed by mathematically and empirically inequivalent representations in Q.F.T. is discussed in sect. G.)

Given the Tr of the foundational theories, in what sense can we consider the items they are about - the items within the bounds of their respective domains - to exist? There is a need to distinquish between those items that possess distinctly testable forms of energy (the fundamental stuff of physical reality, which gives rise to matter and radiation), and those that do not. I take the former to be real in a clear substantive sense, whilst the latter as being but part and parcel of such substantive energy, which exists under the conditions that demarcate the domain in question. Thus relations and structures exhibited by a theory - whether of a spatio-temporal, topological, or symmetric, character - are regarded here to be objective concomitants of condition dependent substantive forms of energy and  its  interactions, provided they fall within the bounds of the parsimony constraint, and are not specifically deemed physically insignificant 'surplus structure'. Thus the spacetime of a theory, its symmetry group and consequent metric are all deemed physically significant, since they contribute to the testability of the theory; a view compatible with either a substantivilist or relationalist stance on spacetime, because neither interpretation effects that testability. (The point that relationalism is a more parsimonious metaphysical stance does not alter this situation.)
 Thus condition (domain) dependent interactions between substantive items are thought to give rise to real but non-substantive relations and structures, with the character of the items plus the ambient conditions dictating the sort of interactions, and the sort of relations and structures. On this view, and on the assumption that the form/content distinction makes sense in respect of physical theories, the forms - relations and structures - exhibited by a theory are interwoven with its content regarding forms of energy and their interactions. This would suggest that relations and structures cannot exist without forms of energy and their interactions, and vice versa, a view meant to hold in both inertial physics and in the G.R. context (sect. F).

The apparent distinct and valid testability of  the performance and spatio-temporal invariance of the symmetric-structure of a foundational theory, its S(T), across the theory's test-intervals, suggests that such structures could be objective, albeit non-substantive, features of their embedding theory's domain. Hence the possibility of a similarity relation between S(T) and some part of the posited symmetric-structure of physical reality. It is this posited similarity that is thought to confer some projective generality, and hence Tr to the theory, i.e. to the relata and their relations which the theory exhibits. Thus, I posit, that it is only because of the similarity between the symmetric-structure of the theory and the symmetric-structure of that part of physical reality the theory is about that the theory is able to function as it does.
 S(T) is thus posited to reflect the symmetric-structure of the theory's domain, i.e. of the expanse of physical reality "encapsulating" its class of phenomena. Hence it may tell just what sort of invariant "terrain" the theory encounters upon its projection and how the theory may connect with it. Thus if a theory is pictured to be a net cast upon a part of physical reality,
 then its testable symmetricity appears to function as a kind of anchor for it. It appears that within the ambience of the CC, the more similar the anchor to the true anchor the larger the catch; or, equivalently, the more anchored the net to Parmenidian invariants, as indicated by its symmetric-structure, the more of the Heraclitean flux, as indicated by its scope, does it capture.

Within the confines of the CC, symmetric generality or projective generality, meant to be the source of Tr, may determine integrative generality; the empiric consequences of the two generality traits being distinctly discernible in the theory's corroborative success. Thus, given a sequence of comparable theories, their comparative corroborative successes may indeed be indicative of their comparative Tr. But we no longer depend on an inference from success (of whatever sort) to Tr for supposing that the theories are truthlike. Indeed, if the above stance is sound then we have direct empiric access to the source of their Tr, notwithstanding that the extent of that source is not discernible in a quantitative manner. That access could have functioned as an empiric guide towards theories of increasing Tr, given the physicists’ preference for theories of increasing empiric adequacy; and given that to effect such increases necessitated the introduction, whether intentionally or inadvertently, of novel symmetry hypotheses to which distinct empiric access was possible. Thus, whilst, generally, any inference from success to Tr is a rationally unwarranted projective step, the projective character of the step may be obviated in the case of the foundational theories, by the distinct empiric control exercised over their respective symmetric-structures; a control that could have provided a good rationale for the applicability of the theories within their respective domains.

The sense of a theory embedded symmetry suggests that it could be an aspect of the PUN in the domain of, and hence in respect of, the theory. The apparent distinct and valid testability of such symmetries across their theory's test-intervals, suggests that such projective hypotheses could be open to distinct empiric criticism. This situation suggests that physical reality may posses a symmetric-structure, which physicists were able to unwittingly exploit for their epistemic aims, albeit in the context of a set of constraints. 'Like Moliere's hero who was delighted to learn he had been talking prose all his life without knowing it...' (Goldstein, in another context, 1980, p. 284), physicists may have obviated the projection problem in respect of their foundational theories without realizing it - obviated to an extent to which that is possible. Consequently, they may have also obviated the problem in respect of distinct hypotheses that are either encapsulated in the foundational theories or they are deductively linked to them. Physics has something to tell about a host of philosophical problems regarding matter, space, time, motion, the cosmos, causality, determinism, reductionism, etc. The projection problem may be no exception. Indeed, the cogency of what it has to say about any philosophical problem depends on the soundness of what it has to say about the projection problem, as it relates to physics itself. For what it has to say about that problem could be the key to unraveling the notion of objectivity in science.   

5. Poincaré's structural realism underpinned
In retrospect, the development of physics appears to have gone hand in hand with the progressive disclosure of a symmetric-structure of physical reality; a  structure which we have reason to think underpins the explicit relational structure of the formalisms of the foundational theories. Whilst that relational structure is able to give formal accounts of physical interactions and their ensuing dynamics, the fact that this explicit structure allows for its transformation under specified distinctly testable symmetry groups without loss of physical content, suggests the existence of a deeper symmetric-structure which enables such accounts to be had. Realism about such a symmetric-structure means realism about the empiric equivalents of the diverse domains of physical reality, as they are revealed by the distinctly testable symmetries of the foundational theories. From this perspective it is not surprising to find that, within the context of the CC, symmetries act as powerful restrictive constraints on theory construction and choice, and on the sort of concepts a theory can entertain.

The present stance thus underpins Poincaré's structural realism (Poincaré, 1952; Worrall, 1989) in two ways. Firstly, for the Poincaré relations to hold within the domain of a theory, the theory must be projectable across its domain, i.e. it must have some projective generality, which according to the present stance is imparted to it by its S(T), thereby demarcating the extent of its domain. For implicit in Poincaré's posit regarding the truth (or Tr) of relations, is another posit about there being a uniformity structure with respect to the theory, which makes for the projectibility of the theory across its domain possible, without effecting its performance; alternatively, without requiring alteration of its form in its projections across its domain. Accordingly, the implicit symmetric-structure given by a theory's transformation traits, underpins the explicit Poincaré relational structure, in the sense of making it possible for the theory to capture and express invariant truthlike relations between relata - however one views those relata. The existence of an implicit symmetric-structure in the domain of a theory appears thus to be a necessary condition for the possibility of a truthlike explicit Poincaré structure within that domain. Thus, subject to the satisfaction of the CC, S(T) may make it possible for the theory to possess some Tr. And if Tr accounts for corroborative success, then the successes of the foundational theories no longer appear miraculous. But Tr is not inferred from success. This account of theoretical success indicates how the no-miracles argument for the possibility of the realist case could have acquired scientific (testable) status (via the possible distinct testability of S(T)), and it renders the IBE account of that possibility redundant.
 Secondly, if continuity of a Poincaré type relation (or indeed of any other relation or concept) is discernable across a developmental step between two domains, then the stance proposed here - which suggests the Tr of both predecessor(s) and successor theoretical structures of those domains - could account for that continuity (See also Redhead, 2001, p. 75).
 

6. Concluding remarks
Today's main sources of warranted skepticism about the contention that physical theories are truthlike are the projection problem, the model mediation problem, the problem of a multiplicity of formulations of one and the same theory, and the interpretational problems related to the theories. Although none of these problems compel the adoption of a non-realist stance on theories, they do present serious challenges to a realist outlook. A shift from the traditional realist and often essentialist stress on entities and their properties and relations, to a concern with dimensionless but nonetheless testable invariant structures and their possible implications, may mitigate the sting of those challenges. The shift suggests that deep objective epistemic progress could have taken place in physics as a consequence of a preference for theories of increasing empiric adequacy within the confines of the CC, which could have ensured the distinct testability of theory embedded symmetries. Thus metaphysical realism in physics need not be confined either to that which is intelligible to our evolutionary conditioned intuitive apparatus and its concomitant ordinary notions, or to a historically or technologically conditioned manipulability (Hacking, 1983, Ch.16).

Every science is after epistemically interesting relations - laws or theories - the limited performances of which are invariant across their domains, because without such invariance the relations can possess no projective generality, and hence no Tr - other than in respect of some "here and now" - and hence no legitimate projectibility. The domains are admittedly circumscribed by validity conditions. But that does not vitiate the possibility of the relations being truthlike within their respective real domains, where the those conditions are satisfied. However, quests for relations that are in certain respects invariant across parts of their reality, implicitly suppose the existence of invariants in that reality, parts of which the posited relations could exploit, or to which they could "latch onto". Moreover, the quests can only take place within a context of some constraints. Thus the problems are to find the appropriate constraints and invariants. Physicists appear to have stumbled upon a set of constraints within whose confines their method is well suited to reveal the invariants of physical reality. The indications are that those invariants functioned as empiric guides towards theories of increasing projective generality in the context of those constraints. Although this possible role of invariants went apparently unnoticed, it could have been implicit in their heuristic role in the pursuit of theories of increasing empiric adequacy. The heuristic role of symmetry considerations has been recognized for a very long time (Lanczos, 1965, Ch. 2; Redhead, 1975). But it was only after their effective use by Einstein - qua a priori but not valid a priori principles, whose physical implications (e.g. the relativity of simultaneity) he took seriously, i.e. realistically - that their utility for making progress became widely acknowledged (Yang, 1980; Aitchison, 1982, pp. 6-9; Wigner and Radicati in Froggatt and Nielsen, 1991).
 Indeed, among Einstein's many contributions to the development of physics this methodological one is perhaps the most important. It is undoubtedly the most significant methodological advance since Bacon's and Galileo's stress on experimentation. Whilst experimentation facilitates efficacious empiric scrutiny, the stress on symmetry considerations can facilitate both theoretic scrutiny and the formation of efficacious unifying hypotheses - e.g. Einstein's analysis of Galilean invariance (with the help of a thought experiment), leading to his special relativity (Schilpp, 1969, pp. 53-57). There can be little doubt that this supplement to the method of physics has had much to do with the phenomenally increased rate of the development of that science in the past century. The development of gauge field theories, for example, whilst motivated by the aim of unification, has been largely driven by symmetry considerations. In a context of some essential constraints, methodological pointers qua heuristics, can clearly facilitate the workings of the critical method. There can hardly be a more explicit display of that idea than the development of 20th C. physics, guided principally by conjectured symmetry hypotheses, within the ambiance of the CC. 

Among the typical arguments Shimony (1993a, p. 41) attributes to non-realists is the following: '... the attempt to apply hypothetico-deductive and inductive procedures of inference to propositions about entities lying beyond human experience is flawed, because the legitimacy of these methods in ordinary scientific contexts is contingent upon remaining within the domain of possible experience;'.
 But whatever the 'domain of possible experience' may mean, I can see no reason why 'in ordinary scientific contexts' the legitimacy or validity of deductive methods should be so circumscribed. Of course, the inferences licensed by the falsificationist version of such methods in respect of the propositions in question, can do no more than conjecturally either corroborate or falsify them. But this does not detract from this method its ability qua principal catalytic tool, to bring conjectural propositions about items that, prima facie, lie beyond human experience, within the purview of such experience. And that is what science, and physics in particular, is all about. What I have suggested here is that physicists may have stumbled upon a way of bringing the conjectured proposition about the truthlike character of physical hypotheses, or about their projectibility within their respective limited domains, within reach of human experience, by devising theories that permit deductivist procedures to bear distinctly on symmetry hypotheses embedded in them; hypotheses that could confer degrees of projective generality to their embedding theories. 

7. In brief
Jeffreys' depiction of the induction or projection problem suggests that there can be no deductively grounded rationale for the projection of quantitative hypotheses, either in their tests or in their applications. Popper's response to the problem as it arises in pragmatic applications - that one can do no better than to use the best corroborated hypothesis available -  is clearly inadequate, if it is also held that corroboration has no 'predictive import' or 'inductive [projective] aspect' (Popper, 1972, pp. 101-103; Schilpp, 1974, pp. 1027-1030; Salmon, 1988), thereby excluding the possibility that corroboration could be indicative of Tr. The inadequacy of the response is further highlighted by the realization that the use of hypotheses in explanatory contexts also involves their projection, and, moreover, that in most cases a projection problem arises in the very testing procedure, with the consequence that the validity of tests, and hence of corroboration, is itself suspect. Popper may have been aware of the projection problem in tests, as Jeffreys points to it in connection with tests of laws, and he may have thought that his replacement of the metaphysical PUN by the methodological rule - ' ... the postulate of the invariance of natural laws, with respect to both space and time ... [which makes it] ... part of our definition of natural laws if we postulate that they are to be invariant with respect to space and time;' (Popper, 1977, p. 253) - is an adequate response to the problem in both tests and applications. But although this proposal is a step in the right direction it fails to resolve the problem, either in tests or in applications, even if the law - or more generally any hypothesis - is indeed formerly invariant '...with respect to space and time...'. For, prima facie, tests cannot discriminate between the form-invariant hypothesis and the possible infinity of incompatible, but hitherto empirically equivalent form-variant hypotheses. What is required for a solution of the projection problem in tests is the capability of testing concomitantly but distinctly, the hypothesis and the distinct conjecture of its spatio-temporal  form-invariance. Thus ideally the selective function of tests is twofold: selection for fitness in the sense of scope, and selection for fitness in the sense of projectibility. Thus whilst testing an hypothesis for its overall empiric adequacy it is clearly desirable to be able to discern in that adequacy distinct empiric control over its posited spatio-temporal projectibility. Now in the case of the foundational physical theories of inertial physics that satisfy the CC - and hence also Noether's theorem - the basic chronogeometric symmetries they embed appear to make it possible to effect just this sort of distinct control; a control that appears to effect positive selection of the spatio-temporal form-invariant theory from Jeffreys' alternatives. But the sense of all physical symmetries suggests that they may all endow their embedding theories with specific sorts of projective generality traits, which jointly appear to determine the character and bounds of the domains of the theories. Accordingly, broken symmetries or asymmetries, would in some specified sense be restrictive on the projective generality - and hence domain, and hence projectibility - of their theory. It thus appears that in the case of these foundational theories selection for overall projectibility fitness - or Tr - means selection for their overall symmetric-structures. 

The situation as regards the role of symmetries may perhaps be roughly but succinctly pictured thus: motivated by either empiric (e.g. falsifying instances) or theoretic (e.g. unification) considerations or both, physicists propose a novel theory with a novel symmetric-structure, which, however, includes some of the symmetries of the predecessor theories (or laws); it includes, in particular, the basic chronogeometric symmetries, which could perform their functions suggested above: validating tests of the theory, thereby singling it out from Jeffreys' alternatives and enabling valid negative selection to operate on it. Novel symmetries enter the novel theory willy-nilly, because in the context of the CC symmetries are efficacious in effecting both an enhanced empiric adequacy and an enhanced unification. The novel theory and its novel symmetric-structure are then tested. And if the entire theoretical structure is corroborated then that corroboration exhibits the distinct corroboration of the symmetric-structure, including the distinct corroboration of the novel symmetries. This then becomes the best corroborated successor theory to its comparable predecessor(s), embedding the best corroborated symmetric-structure. And if the present interpretation of physical symmetries is sound then that theory is also more truthlike than its predecessor(s). The role of testable symmetries could thus have been to empirically steer physics towards increasingly truthlike theories. Notably this steering would have been accomplished by deductive means. 

It could be that Jeffreys' focus on laws, and his stress on the problem as it arises in pragmatic applications - a stress he shares with Popper, and with later critics of Popper - made both Jeffreys and Popper miss seeing the possibility suggested here: that the projection problem as it arises in tests of the foundational theories of inertial physics may have been inadvertently obviated, to an extent appropriate for each theory, in a way that could have provided distinct deductively grounded rationales for their projection, and hence explanatory and pragmatic application, within their respective domains. This possibility is indicated by the similar but also diverse symmetric-structures of these theories, and by their apparent distinct and valid testability. It appears that within the confines of the CC, such theory embedded projective generality conferring structures, could be the sources of the comparative Tr of their embedding theories; and that Tr could govern their corroborative successes. In the case of such a foundational theory, corroborative success could thus be an indicator of Tr, but that indication is not inferred from success. We may thus expect that in each sequence of comparable foundational theories extent of projective generality and extent of integrative generality ought to be correlated, as the evolutionary picture suggests. The indications are that this is indeed the case. Accordingly, we may indeed conjecturally attribute differential degrees of 'predictive imports' - more generally projective, and hence also retrodictive, imports - to the differential corroborative successes of a sequence of comparable foundational theories, because the theories embed similar but also diverse symmetric-structures, that may impart differential degrees of projective generalities to their embedding theories. And the prima facie inductivist and/or apriorist character of these imports appears to be obviated, because the symmetric-structures that license them appear to be under distinct and valid empiric control, given that we can discern their distinct empiric consequences in the corroborative successes of their embedding theories. Distinct hypotheses embedded in a foundational theory, including its symmetries, may be expected to share in its projective generality,  and hypotheses in part reducible to the theory may to a limited extent partake in that generality, in virtue of their links with the theory.

8. Summing up
The idea that within a set of guiding constraints, i.e. Coherence, Parsimony, and Hamilton's Principle, physics could have acquired deep objective knowledge is indicated by the following plausible posits: 

(1) Truthlikeness is intertwined with projectibility, in the sense that their extents correlate; 

(2) Those theory embedded symmetries and asymmetries that appear to be open to distinct and valid testability (as regards both their performance and invariance) are physically significant, and they are respectively hypotheses about the projectibility and restricted projectibility of their embedding theory across specific "arenas" that that theory entertains, or across specific features of its domain; thus given (1), the comparative testable symmetricity of a theory governs, and is thus indicative of, its comparative truthlikeness, or domain of validity, in a sequence of comparable theories; 

(3) Truthlikeness governs corroboration in the sense of corroborative success, i.e. success as indicated by empiric adequacy obtained in tests hitherto.

The above posits suggest how physics could have been empirically guided towards theories of increasing truthlikeness by distinctly testable symmetry hypotheses, given that physicists prefer the best corroborated theory in the context of the guiding constraints. The posits also suggest that physical hypotheses other than the foundational theories, which are in part and to diverse extents linked reductively to them, could in part and to diverse extents exploit in their epistemic (projective) function a physical symmetric-structure, the existence of which is indicated by the foundational theories. Consequently those hypotheses could also be truthlike. [Note that, notwithstanding (3), which suggests that success could be indicative of truthlikeness and that hence IBE could be sound, the idea of truthlikeness is not acquired via any form of IBE. Rather, it suggests itself as a possibility, given (1) and (2).]
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1. Introduction  


The  Humean challenge to scientific rationality and its concomitant realism is today best expressed by Jeffreys' depiction of Humean underdetermination. Jeffreys' depiction suggests that there can be no rationale for the application of quantitative hypotheses without resort to some notion  implicating either inductivism or apriorism or both - notions, e.g. "simplicity", "regularity", 'logically weaker' (Watkins, 1991), 'comprehensibility' (Maxwell, 1993), 'nomic necessity'
, etc. And given the failure of the probabilist program as regards the hypothesis-reality relation, the only apparent alternative is Bayesian personalism. Jeffreys has clearly exhibited the indispensability of some form of positive selection if a rationale for applications is to be had. For suppose that no projection problem arose in tests, contrary to what has been suggested above. Valid negative selection, therefore, could operate on a set of competing hypotheses; in the case of competing foundational physical theories we can take negative selection to operate distinctly on their scopes and symmetric-structures. This negative selection would then presumably deliver a single best corroborated hypothesis. But that hypothesis would still face the challenge posed by Jeffreys' plethora of hitherto empirically equivalent alternatives. Positive selection is thus essential to single out the hypothesis of interest, or alternatively to eliminate Jeffreys' alternatives. And if the Bayesian approach is eschewed, then the implementation of positive selection can only be had via some notion such as those above. But the use of such a notion implicates an inductivist or apriorist stand or both, in respect of the preferred notion. For although it is possible not to view such a notion either as an outcome of an inductive procedure or as being valid apriori - it is possible to blunt the apparent inductivism and/or apriorism by a retrenchment to Popperian conjecturalism - such a retrenchment does not alter the situation that positive selection is still effected by one or another human desideratum, rather than by nature with the help of a critical deductivist method. Popper's proposal that we can do no better than to use the best corroborated hypothesis provides either no rationale, if it is held that corroboration has no projective import, or it provides an inductive rationale, if it is conceded that corroboration does have such an import. Such a concession amounts to the inductive inferral of Tr from corroborational success, with Tr circularly accounting for that success. 

However, a projection problem does arise in tests because tests are generally projection dependent tests. And it appears that, in the case of tests of the foundational physical theories, that problem could have been resolved via the satisfaction, on the part of those theories, of HP, and the consequent distinct and valid testability of their basic chronogeometric symmetries. For the distinct corroboration of those symmetries would have validated tests of their embedding theory, which would have had the effect of positively selecting that theory from Jeffreys' alternatives, whilst also validating negative selection pressure on that theory. Imposition of HP, therefore, whether inadvertently or deliberately, could have rationally, i.e. via the deductive-empirical method, underpinned the prima facie inductivist and/or apriorist parsimonious practice of rejecting Jeffreys' alternatives. 

Thus, if we interpret theory embedded symmetry hypotheses (mutatis mutandis as regards asymmetric ones), to be projective hypotheses in respect of their theory, i.e. to be about the projectibility of their theory across specified features across their domains, then the indications are that Newton with the help of his 'heuristic guidelines' (French and Kaminga, 1993; Arntzenius, 1995; Zahar, 1980; Radder, 1991) - especially the laws of Kepler and Galileo - has hit upon a form for the expression of a physical theory (a form satisfying the CC) - apparently via a method of "demonstrative" induction (Worrall, 2000) - such that empiric control may be exercised concomitantly but distinctly over the theory's integrative and projective generality, across the theory's test-intervals. And it appears that in a sequence of such comparable theories the two generality traits or their extents correlate, as the evolutionary picture suggests they ought, and as the interpretation of projective generality qua source of Tr suggests. Given such a sequence, moreover, the distinct empiric control exercised over diverse extents of projective generality, within test-intervals of diverse theories, may have functioned as unnoticed good rationales for the projection, and hence application, of the theories, across or within their respective domains; a situation that could account for their limited and graded explanatory and pragmatic successes. The rationale rests on the apparent distinct and valid empiric control over both the performance and invariance of distinct symmetry hypotheses embedded in a theory; a control exercised across the theory's test-intervals. The apparent availability of such critical control over the performance and invariance of symmetry hypotheses, plus their fundamentally structural character, indicates that they could be representations of objective structural features of the domains of their embedding theories; features which we could be exploiting for the predictive and retrodictive projections of the theories, and thereby for their descriptive and explanatory functions. 

2. A key objection and its "resolution"
However, is this stance really free of a projection problem? The stance points out that we exercise, or may exercise, distinct empiric control over the two generality traits, of both the symmetry hypotheses and their embedding theories, across local test-intervals, generally involving relatively simple quasi-isolated model test-phenomena. That control is then taken to license the projection of both the symmetry hypotheses and their embedding theories across application intervals - albeit within the respective domains of the theories - involving "complex" phenomena in the "real" world. On this skeptical view, the projection problem in relation to both the symmetries and their theories may have been obviated, within the confines of the CC, only across test-intervals, notwithstanding the point suggested above that the structural character of symmetry hypotheses may circumvent the projection (underdetermination) problem (as posed by Jeffreys) in their tests. The objection is admittedly correct, in a strict sense, but there can be no better rationale or good, albeit inconclusive, reason for the projection of an hypothesis in its applications than a resolution of its projection problem in its tests.
 The resolution is thought to be commensurate with the requirements of a theory's restricted domain. Thus in respect of the posited final true theory, the domain of which is the whole of physical reality in its state near the Big Bang, and which satisfies the CC and possesses the true testable symmetric-structure, the resolution of the problem would be maximal; subject, of course, to the distinct testability of the theory and its symmetric-structure. But given the incomplete reductionist thesis, even that theory could not be a Theory of Everything (Redhead, 1995, Ch. 4). 

Thus, although Jeffreys' depiction of the projection problem in the case of quantitative hypotheses is a cogent way of exhibiting the problem, it also enables us to see how this problem, as it relates to the foundational theories of physics, could have been obviated, directly across their test-intervals, and indirectly in relation to their application intervals. This latter claim amounts to the view that the solution of the projection problem across test-intervals of the foundational theories, intervals that are within the respective domains of the theories, constitutes a good rationale for their application within their entire domain, wherever and whenever such domains are realized. But this view is open to the following objection, already touched on in the previous paragraph. There are at least three ways of presenting it. 

The stance suggests that whilst, prima facie, corroboration, or corroborative success, has no spatio-temporal projective import, the corroboration of the foundational physical theories does, or may, have such imports, in virtue of the structural character of their embedded symmetries (which include the basic chronogeometric symmetries), and their apparent distinct and valid corroboration; a corroboration discernible in the overall corroboration of the theories. The stance goes on to suggest that the corroboration of hypotheses in part reducible to a foundational theory may, to a degree, share in this legitimate projective import, in virtue of the deductive links such hypotheses have with the foundational theory. The stance depends on interpreting embedded symmetric-structures to be hypotheses about the projectibility of the embedding theories across their respective real domains, the extents of which those structures largely characterize, or condition, within the ambience of the CC. Thus, apparently, the distinct hypothesis of the projectibility of the theories across their respective real domains is distinctly and validly corroborated, and hence the possible projective import of the overall corroboration of the theories vis-à-vis those domains, and hence also the possibility of their Tr vis-à-vis those domains. But whilst the structural character of theory embedded symmetry hypotheses, plus their apparent distinct and valid corroboration across test-intervals of their embedding theories, could have obviated the projection problem in respect of themselves and the theories, across those intervals - thereby validating tests of the theories - it remains the case that tests of the symmetries and the theories are conducted locally, i.e. across test-intervals of the theories. Hence the view that the distinct corroborations of the symmetric-structures bestow the overall corroborations of their embedding theories projective import entails the following posit: that the distinct corroboration of the symmetric-structure of a theory itself has projective import; the import that the symmetric-structure obtains across the entire domain of its theory and, moreover, that it obtains wherever and whenever the appropriate conditions of the theory's domain hold. Thus, apparently, the projection problem has simply been shifted from the theories to their symmetric-structures, notwithstanding our apparent exercise of distinct and valid empiric control over both the performance and invariance of such structures across their theory's test-intervals, within its respective real domain.

The objection may also be put thus: the stance rests on the view that in respect of symmetry hypotheses Jeffreys' aberrant alternatives are illegitimate, because whilst those alternatives can indeed capture the hitherto obtained empiric base of symmetries, yet diverge in their predictive and retrodictive consequences, they cannot capture the structural trait of symmetries, particularly the structural traits of the basic chronogeometric symmetries; traits which apparently have projective implications for their embedding theories, thereby endowing the theories with some projective generality, and thus singling them out from Jeffreys' alternatives to them. However, if the stance is to exhibit the possibility of good rationales for the application of the theories, then the apparent distinct and valid corroboration of their symmetric-structures must have projective imports: that those structures are part and parcel of the entire expanse of the real domains of their respective embedding theory, wherever and whenever those domains are realized. Thus again the problem appears to have been but shifted from the theories to their respective symmetric-structures. What the objection amounts to is refusal to accept the claim that the apparent distinct and valid empiric control over both the performance and invariance of an embedded symmetric-structure of a theory, across its test-intervals within its real domain - a structure interpreted here to be the source of the theory's Tr -  constitutes a good rationale for the projectibility of both the symmetric-structure and the theory within the entire domain of the theory, wherever and whenever such a domain is realized. In brief: the objection amounts to the rejection of the claim that the apparent solution of the projection problem in respect of a theory and its symmetric-structure across that theory's test-intervals - intervals that are but miniscule parts of the theory's domain - constitutes a good rationale for the  projectibility of the theory and its symmetric-structure, across the theory's entire domain, wherever and whenever such a domain is realized. 

Finally, another view of the objection might be this: even granting that Jeffrey's alternatives to symmetry hypotheses, particularly his alternatives to the basic chronogeometric symmetries, and hence also to his alternatives to their embedding theories, are illegitimate, Goodman's (1973) grue-type alternatives could in principle be legitimate alternatives to structural symmetry hypotheses. This objection could be raised notwithstanding that Goodman's alternatives are alternatives to hypotheses couched in terms of predicates, the referents of which are directly observable, whereas the intended structural referents of symmetry hypotheses are detectable only indirectly via their consequential effects within a theoretical context - a context where the effects acquire quantitative expression. Granting that Goodman's depiction of the projection problem is applicable to symmetry hypotheses (on the posit that mathematics need not be a privileged language for the description of physical reality - sect. H), then, like Jeffreys' aberrant alternatives to quantitative hypotheses, Goodman's alternatives to the structural referents of symmetry hypotheses would be empirically equivalent to them hitherto, but they would have diverse predictive and retrodictive consequences. 

The proposed stance appears thus to have merely shifted the problem from the way it relates to theories embedding symmetries to the symmetries themselves. Whilst the symmetries may indeed obviate the problem as it relates to both themselves and their embedding theories across test-intervals of the theories, the problem resurfaces in respect of the symmetries, and hence also in respect of their theories, outside their test-intervals. 

In view of this objection we may well wonder whether the proposed stance -that physics may have resolved the projection problem in respect of its hypotheses, via the apparent distinct and valid testability of the symmetric-structures of its foundational theories - is at all sound? In the present context, the objection is perhaps best put in terms of the following Goodmanesque formulation: The stance bases the hypothetical Tr of the foundational theories, vis-à-vis their respective domains, on an interpretation of their diverse symmetric-structures, and on the apparent distinct and valid corroboration of those structures (held here to be the source of their conjectured objectivity), which, it is claimed, could have imparted diverse extents of projective imports to the diverse corroborative successes of the theories, thereby resolving the projection problem in respect of the theories. But this resolution rests on the apparent  corroboration of the symmetric-structures only across test-intervals, within the relevant domains; a corroboration which is taken to constitute a rational licence for the application of the theories within their respective domains. The resolution thus rests on the corroboration of the posit that the symmetric-structures of the theories obtain across their entire domains. Now Goodman's grue hypothesis would suggest that notwithstanding this corroboration the domain in question may at any time in the relevant future (mutatis mutandis in the relevant past) be subject to a transformation of its symmetric-structure which could not be accounted for in terms of available truthlike theories (unlike in the case of the spontaneous symmetry breaks contemplated by today's physics). Of course, such anomalous (miraculous) grue-type transformations are in principle (logically) possible, in any spatio-temporal expanse. They could thus annul, or severely diminish, the suggested Tr of today's physical theories with respect to any such spatio-temporal period. Hence, our apparently successful projective explanatory and/or pragmatic applications of those theories in any period may be misleading. However, the naturalist outlook, based on evolutionary theory and adapted in sect. A, endorses the PUN and hence the idea of laws of nature and hence the idea of the non-occurrence of miraculous events. Thus that outlook presupposes the non-occurrence of grue-type transformations, and the outlook rests on a non-arbitrary convention; a convention, which from a critical rationalist perspective amounts to the acceptance of critical empiric control (or inconclusive empiric refutability) over hypotheses to be the hallmark of their scientificity; the convention on which science itself rests. Now what this study suggests is that the naturalist outlook may be in considerably better shape - of course from the point of view of its own foundational standard - than what may have been thought hitherto. For the study suggests that, in the context of the CC, physicists may have found a way of bringing critical empiric control to bear distinctly on the naturalist presupposition, as it relates to the domains of the foundational theories of physics (at any rate, inertial physics), thereby turning that presupposition, as it relates to those domains, into a scientific hypothesis, which, if the stance is right, would be distinctly corroborated. This picture emerges from the apparent distinct testability of theory embedded symmetric-structures - i.e. the testability of their performance and invariance across test-intervals within the domains of their respective theory - which, according to the present stance, is suggestive of the possible Tr of those structures. Accordingly, the distinct corroboration of such structures ought to have projective imports, in respect of themselves and of their embedding theory, across the domain of that theory, wherever and whenever such a domain is realised. But this means in effect that such corroborations amount to corroborations of the naturalist presupposition, in respect of the domain in question; and the corroboration of the naturalist presupposition in respect of the domains of the foundational theories would have implications for the domains of the rest of physics and of the other physical and biological sciences (sect. 4 below). In brief: the study suggests just how the problem Jeffreys and Goodman point to could have found a resolution across test-intervals of the foundational theories, via standard rational methodological practices; a resolution that could have lead to the acquisition of deep truthlike theories, and to the corroboration of the naturalist presupposition in respect of their domains. Thus physicists may have accorded scientific status (or a distinct deductive-empiric, i.e. critical rationalist base) to the naturalist presupposition - and its concomitant no-miracles argument - as it relates to the domains of the foundational theories, and to the domains of the physical and biological sciences generally (given  the soundness of the discussion in sect.4 below), thereby pointing to the possibility of the scientific realist case. 

The apparent distinct and valid corroboration of the naturalist presupposition as it relates to the physical and biological sciences indicates that we may have good rationales for the projection of hypotheses in those sciences within their respective domains. Thus what is seen here to be Hume's challenge to rationalists - to provide good reasons for our projective practices (i.e. reasons acquired via deductive-empiric means, that are thus neither inductive nor apriorist) - may have been met in the physical and biological sciences. However, a good rationale is just what it says it is; it is not an unconditional guarantee. Such a guarantee would require that we possess definitive knowledge of both: the impossibility of the occurrence of grue-type events, and that there are no domains of which we are unaware, the events of which could effect events in the domains of which we are aware. Thus if Goodman's challenge is seen to be a demand for such definitive knowledge then, of course, it cannot be met. But given our evolutionary origins, that sort of demand is unreasonable. In any case, the aim of this study is much more modest: to explore only the possibility of the scientific realist case, i.e. of how truthlike scientific hypotheses could have been attained via standard methodological practices. 

Now attached to a good rationale - for the projectibility of say a foundational theory within its domain - are validity conditions, the same conditions that demarcate the theoretical domain within which the theory would be true, but, of course, the domain must be real if the theory is to be applicable: i.e. the rationale is legitimate only for applications of the theory within a real part of physical reality where the restrictive conditions on the theoretical domain of the theory are met, or approximately met. The necessity for meeting those conditions follows from a logical point referred to earlier: '... the subjunctive conditionality of lawlike sentences means that natural laws make assertions about what would be the case, whether that happens to be the case or not. The role of abstraction in science thus seems to be that of specifying conditions that are and may always remain counterfactual.' (Fetzer, 1998, p. 31) Thus although, as indicated earlier, the posited "timeless" Tr of a theory with respect to a domain that is an approximate realization of its theoretical domain is linked to a "timeless" trait of the theory, i.e. its S(T), both the Tr of the theory with respect to such approximate real domains, and the legitimacy of the rationale for its use in such domains, are, of course, contingent on the realization of such domains. The rationale thus presupposes that the application of the theory occurs within a setting where the conditions required for the posited empiric validity of the theory actually obtain; in particular, a setting, or application- interval, where the relevant symmetric-structure obtains. But after all, given the complexity and diversity of physical reality, a good rationale for the successful application of a physical hypothesis may be expected to be so circumscribed (a successful application is, of course, also dependent on the relevant ceteris paribus clause being implemented, see sect.1). And the reason such a rationale is good is that it is grounded on the relevant symmetric-structure having been empirically scrutinized within test-intervals that are within a real domain of the theory in question. That scrutiny suggests that such structures obtain, or may obtain, within such test-intervals, and hence that the projection problem across such intervals may have been resolved. Admittedly, the move from test-intervals to application-intervals is a projective step, but one the distinct underpinning hypothesis of which - the naturalist's uniformity hypothesis in respect of the domain in question - has been distinctly corroborated, within the context of the CC. Thus it seems that in the case of foundational physical theories, and perhaps also in the case of hypotheses in part reducible to them, we have, or may have, good reasons, albeit not unconditional guarantees, for taking such projective steps. (Indeed, it is often possible to test symmetry engendered predictions, especially conservation predictions, even within application-intervals, out in complex reality, i.e. anywhere where the  validity conditions of the domain in question are realized; sect. I ) 

Thus, concomitantly with discovering highly successful theories that satisfy the CC, physicists, beginning with Newton, may have inadvertently also acquired  good rationales for their application within their respective domains; rationales, which although acquired, apparently went unnoticed. For such theories embed distinct hypothetical symmetric-structures, which appear to be about the very idea of the projectibility of their embedding theory across its domain, wherever and whenever that domain is realized. And whilst those structures are non-quantitative, they engender, on the part of their theory, predictions of distinct consequential effects, that acquire quantitative expression in relevant theoretical contexts. Hence the apparent distinct empiric accessibility of the structures, and hence the possibility of having good rationales for the application of the theories within their respective domains. And given that projectibility is intertwined with Tr, we may interpret the similar but also diverse symmetric-structures of the foundational theories to be the sources of their Tr. This notion acquires plausibility from the idea that those structures could effect diverse structural similarity relations between the theories and the true theory of physical reality. Hence the possibility of the graded Tr of comparable foundational theories, and of hypotheses in part reductively linked to them.

However, even accepting the above stance - that physicists may have distinctly corroborated the PUN in respect of the domains of their foundational theories, and that such corroboration constitutes a good rationale for the projection of those theories across their respective domains, wherever and whenever such domains are realized - the domain specificity of  theories (as well as of their consequential laws, etc) raises the following further inductive problem in applications, whether explanatory or pragmatic. Applications within domains are intended for designated periods, or durations (which could be microseconds or hundreds of years). How do we know that the conditions responsible for the domain of application will hold (or, in cases of retrodictive explanatory applications, would have held) for the duration of the application? Alternatively, how do we know that the validity conditions attendant with the applied theoretical structure will be (or, was) satisfied for the duration of the application? Does not an inductivist "reliance" figure in respect of the conditions, demarcating the domain in question, holding (or, having held), for the duration of the application? In response to this problem there is a need to distinquish between disciplines where the available knowledge, as regards the conditions at issue, is adequate for the task at hand, and those disciplines in which such knowledge is inadequate. In physics - and consequently perhaps in all the core physical sciences - where the broad outline of the rise and development of the domains at issue are fairly well known (via theories, in respect of which we have good reasons to suppose that their corroborative successes have projective imports, and hence are likely to be truthlike), there is no need for inductivist "reliance". Thus we no longer need to "rely" on past experience for expecting the Sun to rise tomorrow. Instead, our expectations regarding such events can be, and generally are, based on what well corroborated, possibly truthlike, theories have to tell about the likely duration of physical structures like the Sun. To taylor our applications of possibly truthlike theoretical structures (say for building bridges), and consequently our actions, to be in accord with background knowledge, which could itself be truthlike (hence have projective import) seems entirely rational. However, in disciplines where such knowledge is unavailable (e.g. medicine, the non-physical sciences - see below, etc.), some form of rationalized inductivist "reliance", in respect of both the projectibility of the available knowledge within its respective domain, and the conditions that determine that domain holding (or having held) for the duration of the application, is admittedly unavoidable. It is, thus, a consequence of the growth of scientific knowledge to either diminish or altogether dispense with the need for an inductivist based "reliance", in the application of knowledge and consequently in actions. Clearly, there was no alternative to such "reliance" in pre-scientific stages of the epistemic ascent; but that does not, of course, mean that the growth of knowledge in those periods could not have been dominated by trial and error processes.          

3. Simplicity and the Common Constraints
The stance suggested here is that the development of physics may have resolved the projection problem in respect of its foundational theories (with implications for the rest of physics and the other physical and biological sciences), and that this development occurred within the confines of the CC: Coherence, Parsimony, and HP. But what rationale is there for the imposition of these constraints? An immediate response could be that they lead to success. On that view the stance would fail to obviate the circular argument from success. But that is to misconstrue what has been suggested. For whilst physicists may well have been in part motivated to impose the constraints upon noting that they lead to success, the stance rests on an interpretation of theory embedded physical symmetries and on their apparent distinct and valid testability; a view which suggests the possibility of the truthlike character of the embedding theories, hence the possibility of their successes. The argument does not begin with success; it is rather a conjectural account of its possibility. In that account the CC are seen as having played the central guiding role in the development of physics, similar to the role which has often been relegated to simplicity considerations. An argument for the necessity of some form of simplicity in the method of science has been eloquently put by Norton (1993, p. 827): 'Apart from its pragmatic value, it has an epistemic value. The more complicated a theory, the more likely we are to have introduced structures with no correlations in reality; and the more complicated the theory, the harder it will be to test for these physically irrelevant structures. We should prefer the simpler theory and seek languages that make our theories simple, but not because Nature is simple. Rather, if we restrict ourselves to simpler theories, we are more likely to know the truth when we find it.' Norton's view on simplicity echoes that of Popper, i.e. increased simplicity leads to enhanced testability, and hence to enhanced empiric content. But, as noted above, this rationale for the preference of simplicity fails to resolve the underdetermination problem, because that preference does not necessarily achieve the objective of singling out a unique hypothesis, the one most parsimonious in form. Thus traditional simplicity considerations, which although they help engender Parsimony (since they restrict the extent of formal machinery required for a given explanatory task), are inadequate qua contextual guides, because they don't obviate the induction/apriorist dilemma. But physicists impose additional constraints on their theories, which further engender Parsimony. Thus, mathematical Coherence is but an expression of the posit of the unity and of the mathematical consistency of physical reality, and is thus Parsimony promoting. And the imposition of HP in the construction of theories engenders the theory having the most parsimonious form, and may thus be seen to legitimate the practice of Parsimony in respect of form, by effecting positive selection, via deductive-empiric means (given the distinct testability of that form), of the theory with the most parsimonious form. (Admittedly, this latter claim implicates a metaphysical realist posit about formal symmetry-conservation links holding in the respective domains of the theories.) Thus all three of the CC promote Parsimony of some sort; and the more parsimonious we require a theoretical structure to be the more difficult will it be to circumvent its criticisms. We can thus take the rationale for the imposition of the CC to be a desideratum of critical rationalism; which, in supposing that the reality (domain) in question is so structured that modus tollens is the appropriate methodological tool for its exploration, apparently, implicates the posit that that reality is parsimoniously structured; or, alternatively, that theoretical economy mirrors a feature of that reality. 

There can be no orderly developmental process, whether creative or natural, without some guiding selection-capable constraints. Weyl (1963, p. 155) pointed out, '...the required simplicity is not necessarily the obvious one, but we must let nature train us to recognize the true inner simplicity.' It appears, however, that physicists used three constraints to enable nature to do its training in respect of symmetric constraints, which help further to engender parsimony. Thus nature's training (in the form of actual and/or expected falsifications) led to the routine practice of embedding the basic chronogeometric symmetries in our theories. More recently, nature's training, in the form of parity violation in weak interactions, may have contributed to the discovery of a unifying theory (E.W.T.), and thereby to a deeper understanding of such interactions. This particular training of nature led Wigner (1965, p. 36) to observe, 'The extent to which the laws of nature are the simplest conceivable laws has come to an end - no matter how subtly they may be formulated - as long as they are formulated in terms of concepts that are subject to the symmetry principles we are accustomed to associating with space-time.' But ever since Newton - working within a set of constraints paramount of which was the need to give an account of the laws of Kepler and Galileo - was led to formulate a theory 'subject to the symmetry principles we are accustomed to associating with space-time', the 'laws of nature' did not turn out to be the 'simplest conceivable', albeit they did turn out to be the most parsimonious, in the light of the CC. Traditional simplicity considerations (e.g. paucity of parameters) have not been the sole guides, although they contributed to the general Parsimony desideratum. Whether intentionally or not on anyone's part, the CC formed the guiding context, consisting of three conjectural apriori elements - i.e. elements, although apriori need not be held valid apriori - within which deep objective physical knowledge could have developed. But neither can it reasonably be expected that such a development could occur in an epistemic-methodological void. The apparent uniqueness of this context does not reside in that it can be held conjecturally, nor does it obviate the necessity of metaphysical posits if it is to be thought capable of delivering objective knowledge, but rather in that one of its elements is, at least in principle, capable of enabling distinct positive selection to occur via deductive-empiric means. There does appear thus to be in operation in physics a form of positive selection validating customary negative selection, both of which appear to be effected by deductive-empiric means. The upshot is that two distinct selection mechanisms appear to operate concomitantly but distinctly in respect of two distinct traits of hypotheses that satisfy the guiding context: the foundational theories of inertial physics. Positive selection appears to operate in respect of their projective generality and negative selection in respect of their integrative generality. They appear to be positively selected for their projectibility and negatively selected for their scope; the positive selection amounting to the elimination of Jeffrey's form aberrant alternatives to them. Jeffreys' work suggests that customary negative selection alone, even were it to be valid, is inadequate to accomplish the task of singling out the most parsimonious, presumed truthlike, hypothesis. From a critical rationalist point of view, the posit that one of the members of the guiding context enables a positive selection mechanism effected by deductive-empiric means to function, and indeed validate an otherwise invalid negative selection process, is thus a necessary concomitant to the supposition that the context could have delivered deep objective knowledge. 

However, suppose that we do not see the choice of best corroborated hypotheses to be an outcome of such dual selection, but rather an outcome of bringing evidence to bear on their assessment in an inductive manner. What this study suggests then is that in the case of the foundational theories of inertial physics, this apparent inductive procedure, may be, inadvertently on anyone's part, rationalized by a deductive-empiric one, effected by the apparent distinct and valid testability of conjectural symmetry hypotheses embedded in the theories; the rationalization amounting to positive selection of the theories via deductive-empiric means. This possibility is indicated by the realization that a distinct and discernible part of the total evidence, thought to bear inductively on the theories, stems from their distinct and discernible embedded symmetries; and that that part of the evidence has, or may have, a distinct and valid deductive relation to the distinct theory embedded symmetries. The idea that the distinct theory embedded symmetries of physics are themselves products of distinct, inductively generated assessments, seems entirely unrealistic. 

We cannot demonstrate that the CC constitute a fitting (perhaps unique) guide towards theories of increasing Tr, if only because we cannot demonstrate that the proposed rationale for their imposition -  the metaphysical posit that physical reality is so structured as to allow modes tollens to be the vehicle for critisizing our hypotheses about it, which in turn makes it highly desirable that those hypotheses be parsimonious in form - holds in physical reality (sect. H). Thus they may appear apriorist: held valid apriori for the acquisition of deep objective physical knowledge. But they can also be seen as conjectural extensions of critical rationalism, the fundamental metaphysic of which acts as the rationale for their imposition. Thus Coherence can be seen an extension of the posit that the contradictoriness principle holds in physical reality; the posit that confers legitimacy on the critical rationalist methodology. And HP - seen here to enable positive selection, via deductive-empiric means, of the most parsimonious theory - may be seen as leading to the critical rationalist desideratum of entertaining hypotheses of the most parsimonious form, in order to render the practice of modus tollens vis-à-vis our hypotheses most effective. Now if we regard the guiding context to be an extension of critical rationalism, then the conjectural character of the context is apparent. For the core of that methodology - that the contradictoriness principle holds in the reality studied - is conjectural, given that it is traceable to evolutionary considerations, and hence to a conjectural scientific theory; clearly, the intended, as well as unintended, practice of the principle could have been of adaptive value in all stages of the epistemic ascent, including the pre-scientific historical one. In choosing to practice the principle we may be but endorsing an evolutionary conditioning, but not one that governs our behavior deterministically, i.e. at all times, and thus neither does it govern us exclusively.

The realist stance suggested here rests on the posit that the CC jointly constitute a fitting  methodological tool for the acquisition of deep truthlike physical knowledge, via rational means. And given that this posit acquires plausible legitimacy from the core principle of critical rationalism, a principle linked to a scientific theory, the posit of the development of objective physical knowledge may have an objectivist base. Alternatively,  critical rationalism may be seen as an epistemic-methodological norm, capable of delivering deep objective knowledge, because of its objectivist, albeit conjectural, roots. Be that as it may, the suggestion here is that within the confines of the CC, the projection problem may have been inadvertently circumvented in physics, and perhaps in the physical and biological sciences generally, given their links with physics. What Hume could not foresee is the possibility that human mathematical and experimental ingenuity could partly crack his problem in the core sciences, thereby taking us way beyond the phenomenological level. That level is presented to us by our ordinary notions, the sources of which are likely to be but inductively generated Humean habits and customs; an inductivism, which, like critical rationalism, is also traceable to our evolutionary and pre-scientific historical beginnings. But notwithstanding the common origins of critical rationalism and of inductivism, the latter alone could not have taken us much beyond the phenomenological level.   

4. Accounting for the development of the physical sciences and the                                               problem posed by the non-physical ones 

We have seen above that the present stance can give an account of why it is that the major performance enhancing steps in the development of physics have invariably been effected by a novel theory with a novel symmetric-structure; and, moreover, that the stance can also account for the possibility that some such steps, although progressive in the truthlike sense, may not be authentically progressive, in the sense of being part of a strand that could lead to a final, possibly true, theory. But the stance can also provide general rough accounts of the following: (1) the important role of symmetries in the development of physics, especially their highly efficacious role in the development of the counter-intuitive physics of the past century (Froggatt and Nielsen, 1991; Mills, 1989); (2) the successes of physical hypotheses in general, the gradation of the successes of comparable physical laws and theories, and, in particular, the gradation of the successes of comparable foundational theories; and (3) the pre-eminent success of physics among the sciences. Moreover, the indications are that the other physical and biological sciences are in part and to diverse extents reducible to some aspect(s) of physics: that some mathematical links obtain between physics and the chemical and biological sciences.
 Those links suggest that the chemical and biological sciences may in part and to diverse extents be able to partake in, and thus exploit, the epistemic possibilities presented by a symmetrically structured physical reality. A very rough account can thus be had of the successes of the physical and biological sciences and of the gradation of their successes. The absence of any mathematical links between the physical and biological sciences and today's non-bio-based psychological and social sciences (or special sciences) indicates that the latter are not even minimally reducible to the former. They would thus be completely unable to partake in the epistemic benefits of the posited physical symmetric-structure. Although that situation is not an indication that those sciences are devoid of truth, nonetheless, it could account for their relatively moderate projective (predictive and retrodictive) successes compared to those of the physical and biological sciences.
 

The complete irreducibility of the non-bio-based psychological sciences indicates a degree of autonomy on the part of animal and human psychological systems, and their social products, from their physico-chemical-biological roots, whilst continuing to interact with those roots. The posit of such partly autonomous psychological entities is also indicated by our ability to experience psychological qualities, or functions, or states - consciousness, memory, expectation, will, reasoning, creativity, pain, sentiment, empathy, etc. - that have, hitherto, withstood all attempts at a complete reduction to, or, better, explanation in terms of, the concepts and theories of our brains' neuro-physiology; notwithstanding the obvious high  dependence of our ability to experience psychological qualities on that neuro-physiology. Thus, our minds are apparently able to "willfully" interact with their neuro-physiological source, as well as with their entire milieu, including other humans, the quasi-autonomous products of humans (their socio-cultural-economic systems), and the animal world. With due recognition that psychological qualities admit of degrees, it is possible, mutatis mutandis, to attribute to animals a similar ability to experience some psychological qualities, and thus to attribute to them too a degree of autonomy. But the notion of autonomy clearly does not extend to beings, which although interacting with their milieu via their sense apparatus, are unaware, either of those interactions, or of themselves: beings entirely determined by their genes. Nonetheless, it is still possible to attribute to such beings an ability to actively, rather than just passively, interact with their milieu.  

The appearance of apparently quasi-autonomous psychological beings is the most baffling phenomenon we are aware of. It is highly unlikely that natural selection could have brought that about if all the physical-chemical-biological processes involved were deterministically watertight, because there would then not have been the necessary "plasticity" to allow for an emerging process leading to quasi-autonomy. Some indeterminacy - either quantum, or statistical mechanical, or both - appears to be a precondition for a process culminating in a quasi-autonomous mind. Shimony (1993c, p. 321) speculates: 'Perhaps the great metaphysical implications of quantum mechanics - namely, nonseparability and the role of potentiality - have made the unification of physics and psychology somewhat less remote. Perhaps we are confronted with structural principles, which are applicable as much to psychological as to physical phenomena.' It seems that the extent to which the concept of physical symmetric-structure may be applicable to psychological phenomena would depend on the extent to which such phenomena are reducible to neuro-physico-chemical phenomena, and the extent to which such phenomena are in turn reducible to pure physical phenomena. (Reducible in the sense of giving an account, not simply in the sense of showing dependence.) However, given that all reductions are necessarily partial (a view which goes hand in hand with the stance that all scientific hypotheses  are domain specific), a dose of autonomy of mind, especially of the human mind, is a strong possibility, whatever successes the reductionist program may be able to muster.
 On this view, the physical-chemical-biological determinations of bio-organisms do not exclude the possibility of the emergence of a modicum of free-will on the part of minds of such organisms, exercisable at least in respect of some particular considerations, because such exercises could have been, and may still be, of adaptive value; e.g. consider the adaptive value of critical thought and critical discussions, which must surely presuppose an ability to freely weigh alternatives. But this modicum of freedom will be, particularly in the human case, further diminished by sociological constraints: Hume's habits and customs. However, those constraints are certainly not watertight; they may be countered by the free exercise of reason, in the light of the overall available general knowledge - the cornerstone posit of the Enlightenment. Thus although the posited free-will is indeed modest, significantly, it may not be absent altogether; and it is, in principle, testable, under particular circumstances. The alternative view - the complete determination of mind and hence of the behaviour of bio-organisms, whether by natural laws, or the fates, etc. - is an untestable all explanatory conjecture,which can account for all such behaviour under all circumstances; it is, therefore, methodologically inferior.
 Of course, the two views on this issue have weighty, and diametrically opposed, moral and social implications. But if we are to hold on to Hume's crucial is /ought distinction, those implications cannot form the basis of an argument for or against either ontic stance; although, given the undecidability of the issue in all circumstances, they may, perhaps rightly, be allowed to inform the argument, nonetheless.  

Be that as it may, given that hypotheses in today's non-bio-based psycho-social sciences are not at all linked up mathematically with the physical and biological sciences, their status must rest entirely on their own testability. Now, to my knowledge, there are in those sciences no testable deep unifying quantitative theories with intrinsic symmetric-structures that would be distinctly empirically accessible. It would follow from this study that we have no distinct critical empiric handle on the projection problem in those sciences, and hence no good rationale in respect of applications of their hypotheses, whether they be quantitative or qualitative. Thus there may be no epistemically interesting symmetric-structures associated with quasi-autonomous minds, nor with their social products; structures that would sufficiently condition psychological and social processes, in the sense of insuring their invariance under similar conditions.
 This only adds to well known methodological problems in the psycho-social sciences. Controlled experimentation is extremely difficult. Tests can generally be done only against open systems rather than against quasi-isolated ones. In such tests, the validity conditions accompanying hypotheses - conditions that bound their domains - are either not at all under empiric control, as in the case of the 'rationality principle' in the social sciences, or they are far from being under the sort of meticulous control that is generally exercised over test conditions in the physical and biological sciences. There is the further problem that hypotheses in those sciences are generally statistical, of a sort whose tests are problematic (sect. E). All these problems put a question mark on the soundness of tests in those sciences;
 and hence also on the idea that their hypotheses possess sufficient generality so as to be successfully projectable across relevant mental and/or social "spaces"; although they may well be truthlike in respect of some particular situations existing at some particular places and times. Moreover, the multitude of factors that condition the open systems to which hypotheses are applied are mostly out of anyone's control, and their effects can generally not even be estimated. Thus complexity cannot be disentangled, either on the practical or on the theoretical levels (i.e. it is not possible to implement the non-standard ceteris paribus clause associated with attempts at complete understanding of complex systems and with pragmatic applications of hypotheses to such systems - see sect.1, part III.-2); not, at any rate, to the extent to which that is often possible in the physical and biological sciences. For all these reasons we may generally expect 'unintended consequences' to be more likely in the wake of predictive projections, or pragmatic applications, of hypotheses in the psycho-social sciences than is the case in the wake of such projections in the physical and biological sciences.
 The inherent differences between the subject matters of the psycho-social sciences and those of the physical and biological sciences, differences which lead to the particular testability and applicability problems in the psycho-social sciences, may be grounds for the methodological autonomy of those sciences. But how far should such autonomy extend?

5. Conclusion
Hume held (1955, p. 189): '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.' It appears, however, that reason may have, after all, uncovered good rationales, based on distinct and valid empiric scrutiny, for us to suppose, that the worlds (domains) to which our physical (including chemical) and biological sciences are addressed, have by and large conformed, and will by and large conform, to what those sciences have to tell. This idea follows from two suppositions: that physics has resolved the projection and model mediation problems in respect of its foundational theories - via the distinct and valid testability of the symmetries they embed - thereby acquiring deep truthlike knowledge; and that all hypotheses linked reductively, in part and to diverse extents, to those theories, are also truthlike. 

Granted that, even given some physical indetermination, we have (as yet?) no detailed account of how some "autonomy of the mind" (or "mind's self-regulation"), a precondition for the exercise of reason, could have arisen, nonetheless, the evidence does suggest that reason - in the form of a critical approach - had, ever since humans acquired that faculty, a partial but dominating role in epistemic developments, and thereby a crucial role in the life of humans and of other species. Thus the complete determination of mind thesis - whether by Humean custom, or anything else - which, if sound, would render the apparent exercise of reason to be but a chimera, may itself be but a chimera. Although our biological determinations and sociological conditionings are indeed strong and pervasive, they do not entirely constrain us. This study is an attempt at a metaphysical account of how the critical approach could have led to very deep, highly projectable, and hence highly truthlike, and hence highly successful, scientific knowledge; an account, not centered on that success itself. 

Outline of stance for a sequence of comparable foundational physical theories,   

         satisfying the CC: Coherence, Parsimony, and Hamilton's Principle.  

         The stance rests on four plausible posits:
         (1) S(T) (the symmetric-structure of theory T: a composite of testable symmetries and asymmetries embedded in T) imparts to T some projective generality (extent of invariance of its performance across a model physical reality, and hence extent of its projectibility across that reality), thereby delineating the theoretical domain of T. The true maximal S(T0) would thus impart to the true theory T0 of that model reality the maximal possible projective generality, within the confines of the CC. T is true of its theoretical domain, and truthlike in relation to T0, in virtue of a similarity relation between S(T) and S(T0). 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 constituting components of the truthlikeness of their embedding theory;       and importantly, comparative extents of symmetricity are roughly discernable. Tr is intertwined with projectibility, in the sense that their extents correlate. Given an approximate realization of T's model reality, then T's theoretical domain, including its S(T), would find its approximate instantiation in that realization; which suggests the idea of a similarity between S(T) and the symmetric-structure of that realized domain of T. S(T) could thus be the source of the truthlikeness of T vis-à-vis both T0, and T's real domain, with the individual components of S(T) being components of that source.  

         (2) The similar (in symmetric form) but also diverse (in symmetric content) S(T)-s of the sequence of theories have diverse similarity relations with STO; and the extent of similarity is larger for each T compared to that of its predecessors, whether theories or laws. Given (1), each T would be more truthlike than its predecessors, whether theories or laws.   
         (3) The posit that in the case of each T there exists a similarity between its S(T) and the symmetric-structure of its realized domain is indicated by the distinct testability of S(T) in that domain, via distinct predictions on the part of T of testable effects; predictions engendered by the components of S(T) and effects that are distinctly discernible in the corroborative success of T - where corroborative success is success achieved in tests, as indicated by hitherto observed empiric adequacy. Moreover, this test of S(T) is valid since the underdetermination problem, and consequently also the model mediation problem, attendant with those tests, are resolved via valid (deductive-empiric) means. Thus we appear to have distinct and valid empiric access to the sources of the truthlikeness of the theories; an access that effects positive selection of the theories, via valid means, from their empirically equivalent but non-parsimonious alternatives, which cannot reproduce their S(T)-s. It turns out that such positive selection, which legitimates parsimonious practice, is necessary in order to validate an otherwise invalid negative selection process.           

         (4) Truthlikeness governs corroborative success - meant to give a distinct empiric indication of both scope, termed here integrative generality, and of extent of projectibility, termed here projective generality; the two aspects of a theory's domain. Corroborative success is thus indicative of truthlikeness, and hence has projective import, but truthlikeness is not inferred from success, either corroborative or explanatory, and is thus not acquired via IBE. The idea of its possibility stems from (1), and the idea of its gradation in the sequence follows from (2). Moreover, the projective import of corroborative success is an import with a deductivist-empiricist underpinning, because the distinct part of that success due to the relevant symmetric-structure - the part responsible for the projective import of the success - was obtained via distinct and valid tests. 

         Possible consequences: 

         (1) If truthlikeness accounts for corroborative success then the latter's observed gradation for the sequence of theories has an account in the gradation of their truthlikeness; 

         (2) Whilst there is no direct way of discerning comparative extents of either scope (integrative generality) or of projectibility (projective generality), given that we can discern distinct empiric indications of both in the corroborative successes of the theories, the evolutionary and intuitive idea that the two generality traits should go hand in hand in a sequence of comparable theories - i.e. that their extents should correlate - could be rationally underpinned by the apparent distinct and valid critical empiric control exercised over the two distinct generality traits, a control that could have brought about their correlation;

         (3) Given distinct and valid empiric access to the source of truthlikeness, and given that truthlikeness governs corroborative success, the projective (inductive) inference from that success to truthlikeness (i.e. IBE) has a good, deductive-empiric-based, rationale, which also functions as a good rationale for the projectibility of the theories (their applicability for explanatory and pragmatic aims), within their respective domains, wherever and whenever those domains are realized; 

         (4) Given the preference for increased corroborative success within the confines of the CC, testable symmetries and asymmetries -  thought, in the context of those constraints, to be the source of components of the truthlikeness of their embedding theories, and hence responsible for parts of that success - could have empirically guided physics towards theories of increasing truthlikeness.    

         The stance leads to three expectations all of which appear to be born out:

         (1) All performance enhancing, apparently truthlike progressive steps, should have been effected by novel theories, with novel more extensive symmetric-structures, than the symmetric-structures of its predecessors, whether theories or laws. (Whilst comparative extents of similarity between the symmetricities of a sequence of comparable laws and theories, their S(T)s, and the maximal symmetricity of the true theory, its S(T0), are admittedly not discernible, comparative extents of the S(T)s are roughly discernible);

         (2) Progress in electrodynamics should have depended on the removal of the symmetric incongruity that characterizes both Cl.E.D. and non-relativistic Q.E.D..
(A symmetrically incongruous theory is one the spacetime and field equations of which satisfy clashing principal symmetries, e.g. Galilean and Lorentz.) Those feats were accomplished via Einstein's R.E.D. and relativistic Q.E.D. (the first exemplar of a Q.F.T.), respectively;

          (3) Deep progress in physics should have required taking on board both fundamental invariants, c (via S.R..), and h (via Q.T.). Thus in accord with the present stance, inertial physics went beyond the symmetric incompleteness of both S.R. - which fails to take account of h and hence of quantization and the symmetries that flow from it - and Q.T. - which fails to take account of c and hence of the Lorentz symmetry. And to progress from N.T.G. to G.R. required going beyond the inertial context. Although this latter step fails to take on board h, a future Q.G. theory will, of course, have to do so.
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� Two sorts may be distinguished: 


   (a) Those whose tests are in principle problematic, as in the case of the distributions predicted by quantum theory;  


   (b) Those whose tests are in principle unproblematic, as in the case of some distributions predicted by statistical mechanics (sect. E). 


� On a more general discussion of the need to interpret physical theories see Sklar (2000). 


   All foundational theories are, or may be regarded to be, principle theories, in the light of Einstein's distinction between principle and constructive theories. The former are based on "principles" which have their roots in direct experience, or in experimental outcomes, or in thought experiments, e.g. the non-existence of perpetual motion, Galileo's law of free fall, the invariance of c, the equivalence principle, etc..  The latter are based on hypothetical empirical phenomena, e.g. molecular motion. Among non-foundational theories some are principle theories, e.g. thermodynamics, and some are constructive theories, e.g. statistical mechanics. See (Einstein, 1919) and (Hughes, 1989, pp. 257-258) On possible ramifications of  Einstein's distinction see (Flores, 1999) and (Bub, 2000). 


� In inertial physics the spacetime structures are characterised either by a Euclidean or a Minkowski metric - encoding compatible chronogeometric and affine (inertial) structures; a metric, invariant under the inhomogeneous Galilei and inhomogeneous Lorentz (Poincaré) symmetry groups, respectively. 


� On the sort of problems that arise as regards the reductionist thesis in respect of  foundational theories see Holland and Brown (2003).  


� Teller's observation is apt in the light of one of the major lessons of 20th C. physics: that both matter and radiation can display both "wave" and "particle" traits in certain domains. 20th C. physics has also led us to transcend, or modify in respect of certain domains, other intuitive notions, e.g. absolute "simultaneity" (which becomes relative in the special relativistic context), "rotation" (which becomes ambiguous in the general relativistic context - Malament, 2000), etc.. From a scientific realist perspective, all such cases instantiate the breakdown of the efficacy of our intuition with respect to deep reality. As indicated in sect. A, this breakdown is to be expected in the light of evolutionary biology. 


� On "observables" in van Fraassen's 'Constructive Empiricism' see Churchland and Hooker (1985) and Chihara and Chihara (1993).


� Whilst criteria of reality status, and of the Tr of hypotheses, can only be based on a non-arbitrary convention - in the present case on the acceptance of the Darwinian account of evolution - they do not suffer from the self-refutation, or self-referential inconsistency, of the positivists' verification criterion of meaning. Further, it is possible to think of hypotheses that have no projectibility but which may, nonetheless, be in principle testable; hence they may possibly be objective, i.e. hypotheses that are about unique singular events, confined to a very narrow spatio-temporal interval, which could be in our past, present, or future - e.g. at the infinitesimal interval ΔxO, ΔtO, my pen was (or is, or will be) a pencil but at all other such intervals it is a pen. I shall ignore such hypotheses because they are about possible events disconnected from the rest of the universe, hence they can have no scientific - explanatory and/or pragmatic - interest. For only hypotheses about some extended reality, and their predictive or retrodictive consequences, can be of scientific interest. Science echoes the evolutionary context here, since it would be of no adaptive use for organisms, in that context, to entertain hypotheses - whether stored genetically or otherwise - that are about one-off events. Thus the most significant question about any hypothesis is whether its reality is extended, and whether the hypothesis is invariant, and hence projectable, across any of the arenas of that extension. 


�  It may, in principle, be possible to test some foundational theory, e.g. Newton's theory of gravitation, without engendering the theory's projection. Thus it may be possible to test the theory in a way in which laws can be tested: by the continuous and simultaneous measurement across the theory's test-intervals of all the variables which the theory assigns to the test-phenomenon. But this is extremely unlikely. The practical difficulties may be insurmountable. Be that as it may, I am not aware that this sort of test has ever been attempted. If we want to give an account of how physics could have made deep objective progress, then we need to attend to the way in which theories have hitherto actually been tested. 


� Both Jeffreys and Popper take simplicity to mean paucity of adjustable parameters, but for Jeffreys this leads to high prior probability, whereas for Popper it leads to high prior improbability. See Howson (1988); Forster (1995); Salmon (1966); and Shimony (1993b). Shimony interprets Jeffreys' approach as being synonymous with his own 'tempered personalist' stance.


� Nor does resort to Akaike's theorem (DeVito, 1997; Forster, 1999) obviate the problem, for given that the theorem itself depends on a number of presupposed concepts holding in the reality in question, its use implicates an apriorist stance. From a critical rationalist point of view, there cannot be any mere formal resolution of the problem. Only deductive-empiric considerations can possibly lead to such a resolution, even though such an approach may also involve a formal element, leading to a metaphysical posit - as we shall see. For a discussion of general problems raised by formal approaches see Kieseppä (2001).


� A theoretical model, or possible "world", of a foundational physical theory, is taken here 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. can the metric be regarded to be part of the dynamic structure.  


� Satisfaction of HP on the part of a theory imposes certain restrictions on it, as well as on the sort of processes the theory can handle. Those restrictions are discussed in sect. C. 


     Significantly, in respect of an appropriate inertial reference frame, the basic chronogeometric symmetries and their conservation implications, hold within all theoretical contexts of inertial physics, notwithstanding the diverse state descriptions, and diverse expressions for energy and momentum, found in different contexts. 


� Mills (1989, p. 493) speaks of, '... the elevation of Noether's theorem, relating symmetries to conservation laws, to a fundamental principle of nature;'. The theorem is at times compared to the equivalence principle in G.R. But it is worth noting that the equivalence principle is distinctly testable, whereas Noether's theorem is not. Thus if we wish to claim that a symmetry is distinctly testable by testing for the conserved effect which the theorem says is linked to the symmetry in a necessary and sufficient manner, then we must suppose that the indicated linkage holds in the domain in question. It could perhaps be held that the corroboration of the predictions of a theory, other than the corroboration of its symmetry engendered predictions of conservation effects, are good empiric indications that this realist posit is, or could be, sound. But that view is open to the charge of reverting to an inductivist stance, by using success as a way of assessing the status of theories.    


� This posit does not preclude the possibility that the fundamental logical structure of this or that level not be two-valued, i.e. that it be non-Boolean. The posit is that notwithstanding this non- Boolean structure the contradictoriness principle still holds in that level, so that the hypothesis suggesting the non-Boolean structure, as well as hypotheses suggesting other structures, are refutable. 


� Sect. C suggests that HP may be interpreted to express the realist posit in respect of theories satisfying it, and linking that posit to the spatio-temporal invariance of the theory, thereby engendering the theory with the most parsimonious form.


� I am, of course, not suggesting that distinct empiric control over the spatio-temporal invariance supposition is deliberately exercised in every test of every theory. But it is so exercised in crucial cases, e.g. when it wasn't clear whether in the quantum domain energy and momentum conservation held in detail, in individual cases (Hughes, 1989, p. 277).


� Redhead (1975) distinquishes between physical and purely mathematical symmetries. The distinction is underpinned here in that only physical symmetries are distinctly testable.


� Model mediation is unavoidable in all attempts at quantitative mathematical representation. Thus the use of even relatively simple mathematics qua representational tool implicitly supposes that reality approximates mathematical abstractions, e.g. "point-likeness", "continuity", etc. The supposition may well be sufficiently sound as to legitimate use of the relevant mathematics, but model mediation is involved. However, the way it is involved in attempts at representations of qualitative structures, e.g. symmetric-structures (or equivalence classes), differs from the way it is involved in attempts at representations of quantitative theoretical structures. Thus symmetric structures have distinct quantitative testable consequences in the context of their respective embedding theories; consequences which although they constitute mathematical "representations" of the posited structures, are not models of those structures; e.g. energy conservation may be a "representation" of the posited equivalence of temporal instants in a given physical domain, it is not a model of that equivalence.


� The relation between formal symmetric expressions and their physical embodiment qua structures in physical entities is discussed by Kettle (1985). 


� Notably, some symmetries may hold in one context and not hold in another, e.g. permutation invariance does not hold in the classical domain and yet holds in the quantum one (Huggett, 1999). According to the present stance such a symmetry could be physically significant in one context and not in another. Note that the invariance of the quantum state of a composite system under a permutation of its identical particles is, in principle, distinctly testable,. Hence, in the present context, permutation invariance could be of physical significance in the quantum domain, at least in relation to some systems. 


� The Lorentz group can in fact be shown to reduce to the Galilean one (Havas, 1964).


A detailed discussion of how the two symmetries relate 'in the context of specific dynamical theories' is given by Holland and Brown (2003).


� In sect. H there is a brief discussion of how the characterization of the intertheoretic truthlike relation, qua symmetric-structure-likeness, looks in comparison to available formal characterizations of Tr. Whether the one given here can be given a formal explication is an open question. However, we cannot expect a formal explication of the similarity relation as between the S(T) of a theory and its posited realization, given that it is meant to be a relation between a theoretical structure and a piece of physical reality; notwithstanding that in simple cases it is not difficult to see how a theoretical symmetric-structure could mimic, hence represent, its physical counterpart. Be that as it may, a realist stance regarding symmetric-structures embedded in physical theories cannot do without a metaphysical posit. But we may have a good rationale for the posit. The suggested rationale is the apparent distinct and valid empiric access to the symmetric-structure of the theory's domain. 


� In the light of Popper's (1981, pp. 153-190) three worlds view - the physical (1), the mental (2), and the products of the mental (3) - S(T) may be thought of as the agent effecting a link between T in world (3) and the real domain of T in world (1).  


� Loss of explanatory power, or empiric adequacy, which generally accompanies a transition from predecessor(s) of lower theoreticity, to a successor of higher theoreticity; such as the transition from law (s) to a theory. But such losses are also illustrated between theories of wholes (e.g. atoms) and theories of their constituents (where the latter could be successors to the former), in that, generally, theories of wholes are unable to account for some phenomena which the theories of the constituents can account for. Given the incomplete reducibility thesis, such losses are generally to be expected. But they do not rule out progressive truthlike relations, in the sense of an enhanced Tr with an accompanying enhanced explanatory power, where the explanatory gains outweigh the explanatory losses.


� In considering the Sketches it is worth keeping in mind that although we are admittedly not in a position to be able to discern comparative extents of similarity between the symmetricities of a sequence of comparable theories and the maximal symmetricity of the posited true theory, we can, nonetheless, get a good idea of the comparative extents of symmetricity of such a sequence of theories. 


� The idea that a realist approach is indicated towards theoretical structures that are instrumental in unification has also been suggested by Friedman (1983). Accordingly, testable symmetric-structures, posited here to be indicative of the Tr of their embedding theory, clearly merit objective status. 


� Planck's constant is here regarded a symmetry as its value is meant to be invariant within and across all reference frames (Wigner, 1965; 1995a).


� c is also regarded to be a symmetry, albeit only within inertial physics, since its value is meant to be invariant only within and across inertial frames (Brown and Sypel, 1995, p. 237).


� Bub (2000) points out that the move from classical to relativistic physics involves a change in geometric structure, whereas the move from classical to quantum physics involves a change in logical structure - given Heisenberg's formulation of Q.T.. Both of these changes may be expected to lead to a change in symmetric-structure, albeit of a differing sort, as is, indeed, the case. And from the present point of view changes in symmetric-structure ought to lead to changes in Tr, and hence to changes in empiric adequacy - within the confines of the CC. Thus the apparent gradation in the empiric adequacy of a sequence of theories, which according to the present view is due to a gradation in the extent of their symmetric-structures, is traceable to the sources of that latter gradation, i.e. changes in geometric structure leading to relativity theories, changes in logical structure, leading to quantum theory, and changes to both geometrical and logical structure, leading to quantum field theories.


� Sklar (1996) pointed out that theory succession in physics may be characterised as a reconstruction of an available theory, and that this reconstruction process is characterised by ditching concepts that are either too global, e.g. absolute space, or too local, e.g. point-like particles, and moving toward more 'reasonable finite aspects of the world', that are perhaps closer to what is actually detectable. Here I have suggested that theory succession appears to be characterised by a move towards more extensive projective generality on the part of the succeeding theory. The two proposals are not in conflict: enhanced projective generality may increase Tr in the sense that the succeeding theory captures more 'reasonable finite aspects of the world', ditching the previous theory's too global and/or too local idealisations. 


� The testability of statistical hypotheses is also in doubt on grounds other than that due to the projection problem considered here - see sect. E.


� The extent to which mathematical rigor is necessary in physics is discussed by Davey (2003).


� It may be possible to see this entire situation in terms of what Rohrlich (1996a) called 'Cognitive Emergence'. See also his (2001). 


� See also Belot and Earman (1997). For an interesting insight on asymptotic limiting cases see Batterman, (1997). 


� For a radically novel way of seeing interactive "measurements" or "observations" see Bohm (1996).


� On the issue of substantivilism in relation to spacetime see Brighouse (1997), Belot (2000), and Vol. 13, no1, of Intl. Stud. Phil. Sci. (1999); and on the complex relation between the substantivilist/relationalist issue and the indeterminist/determinist issue in gauge theories see Below and Earman (1999), as well as sects. D and F. The possibility of an objective but non-substantive nor relationist spacetime structure is discussed by Auyang (2000).


� This stance is in conflict with possible solutions of Einstein's general relativistic equation for a universe without matter. But is it not possible that truthlike hypotheses should have "anomalous" solutions that, as a matter of fact, are likely not to have realisations, e.g. advanced potential solutions of classical electrodynamics. Apparently, Einstein himself retracted an earlier view of his regarding the possibility of space existing without matter. Admittedly, however, I know of no account of just how matter gives rise to spacetime and other structures, although in the G.R. context, where matter and spacetime are interwoven, such an account may be superfluous. 


� The present aposteriorist symmetric-structure approach to a realist view of physical theories is to be contrasted with Russell's apriorist logical structuralist approach to theoretical knowledge, according to which, 'It is only because of the identity of [logical] structure [of the record and of the music] that the record is able to cause the music.' (Russell, 1948, p. 270) Symmetric-structure is not  regarded to be a stipulated logical feature of physical reality but rather an empirically discovered attribute of that reality. Whilst the logical positivist approach may appear to be sound as regards simple cases, it fails in respect of physical theories. Russell's notion of structure stems from the logicist attempt to save the positivist-verificationist program with its ontological significant observational/theoretical distinction, which could not easily accommodate a realist approach to theoretical knowledge. From the present naturalistic and Popperian view, however, the observational/theoretical distinction has no ontic significance (A view reinforced by Hintikka's (1998) suggestion that Ramsey sentences do not eliminate theoretical terms.) Hence there is no need to resort to logical structure in order to maintain a realist approach to physical theories. However, it seems that a realist approach to these theories is on shaky ground, without a realist view of the embedded symmetric-structures in these theories. 


    Russell's (1927) 'causal theory of perception' - that experienced 'percepts' are caused by external stimuli, situated in a spatio-temporal continuum, and that different 'percepts' implicate different stimuli - led him to the view that only the structure (qua logical feature) of the stimuli of the external world are knowable [see Demopoulos and Friedman (1985) and Demopolous (2003)]. Newman's (1928) critique of any such stance suggests an underdetermination problem: diverse systems of relations all yielding the same structure as that suggested by a physical law (Heath, 1928, p.136, cited in French, 2003, p. 237). The present stance, however, founded on the idea of Tr, is clearly incompatible with the idea that only structure is knowable, even if that structure is taken to be an aposteriorist symmetric-structure (all structures  are held to be objective concomitants to knowable matter). Hence Newman's critique does not apply. Nonetheless, Jeffreys has shown there to be an empiric underdetermination problem in respect of theoretical structures, including ones that embed a symmetric-structure, and regardless of whether that symmetric-structure is held to be the only knowable item, or not. The suggestion here is that that problem could have been resolved, within each domain of physics (including that of G.R.- sect.F), via a positive deductive-empiric mechanism, that is part and parcel of standard methodological practice.    


� 'Hypotheses are nets: only he who casts will catch.', Popper's motto to his (1977), taken from Novalis.


� It was the "miraculous" success of Newtonian physics - its ability to account for so many diverse phenomena - that led Poincaré to posit his structural realism, because he could not attribute that success to mere chance. The idea that structural realism be based on symmetric-structure, or that the notion of objectivity be linked to symmetricity, is traceable to Weyl (1963).


� There are today a variety of conceptions of structural realism - see, e.g. the July issue of Synthese 136 (2003). The view proposed here is distinct in its unambiguous identification of what could be the most significant structure in physics, and of how that structure could be interpreted.    


� Einstein's stress on symmetry considerations is perhaps best exemplified in that, 'Historically, the emphasis in the development of Einstein's theory [G.R.] was on the generalisation of the space-time structure of the special theory of relativity to incorporate the principles of general covariance and of equivalence.' (Havas, 1964, p. 963).


� The other typical arguments Shimony attributes to non-realists are the flawed character of the IBE thesis, and the Bayesian result that asserting the truth or Tr of an hypothesis, cannot achieve a higher probability than that of asserting merely its empiric adequacy.


� 'At the end of all our explanations, this factor of necessitation remains unexplained ...[the] inexplicability of necessitation just has to be accepted. Necessitation ... is a primitive, or near primitive, which we are forced to postulate.' (Armstrong, 1983, p. 92) 


� Miller (1994, p.70 and p.121) argues that good reasons are unobtainable, unusable and unnecessary. Thus, 'We do not need reasons against a hypothesis in order to classify it as false ... All we need is a false consequence of it;' And, '... even if good reasons, or favourable reasons were to exist, they would be useless epistemological embellishments, unable to assist in the classification of scientific hypotheses as true and false, incapable of adding to our critical decision making even a flicker of rationality not already earned without them.' Now firstly, is not a false consequence of an hypothesis, or what, after testing the hypothesis, we take to be a false consequence, a critical, albeit inconclusive, reason, for conjecturally regarding the hypothesis to be false? Secondly, even granting that what we take to be false consequences are good reasons can they alone effect a classification of true or truthlike and false hypotheses, given that after negative selection (even were it to be valid) has done its work we are still left with an infinity of empirically equivalent incompatible alternatives to the hypothesis that survived? This infinity of alternatives means that the projection problem involved in both tests and applications of the hypothesis of interest has no solution, and there is no rationale to guide, never mind justify, '... [either] our practical [or our theoretical] decision making ...', as regards the use of that hypothesis in preference to any of its alternatives. Thus negative reasons alone are inadequate to effect the classification we are after. We also need a positive selection mechanism: critical empiric control over the distinct hypothesis that the hypothesis of interest satisfies, for example, space and time translation invariance. That sort of control seems to constitute a good positive reason for preferring the hypothesis of interest to its infinite, incompatible, alternatives, from the point of view of space and time projectibility. I have suggested here that in the case of physical hypotheses, of both low and high level theoreticity, we have, or may have, such reasons. 


�  The issue of reductionism is complex and controversial. However, it is uncontroversial that quantum theory is the cornerstone for an analysis of most chemical interactions and of the structure and stability of atoms and molecules, including bio-molecules. For links between quantum physics, quantum chemistry, bio-chemistry, molecular biology and biology see e.g. Bock and Marsh (1991); and for possible bio-effects of parity violation in weak interactions, see there S.F. Mason, 'Origin of the handedness of biological molecules', pp.3-15.


� For a sociological account of the gulf between the successes of the physical (including chemical and biological) and social sciences see Quillian (1994).


� It may be worth noting here that a physicalist stance linked to the complete reductionist thesis must expect psychological states, characterised by terms such as those noted above, to find their complete neuro-scientific description, i.e. that such terms should find their complete translatibility into, or correspondence with, nuero-scientific concepts. But given the reality of psychological states, and given  that the possibility of the complete translatibility of their ordinary descriptions into physicalist terminology is out of the question, that sort of physicalism requires a leap of faith if it is not to collapse into a substantivilist ontic dualism. In contrast, a physicalism linked to the partial reductionist thesis (because it accepts the reality of emergence, and consequently interactions between emerged systems and their constituents - sect. E) does not require such a leap, because it rules out the possibility of a complete physicalist description, and hence, admittedly, also account, of psychological states. But holding to an incomplete physicalist account of psychological states in no way detracts from the possibility of holding to a physicalism qua monist ontological thesis. Such a stance merely takes note of an epistemic state of affairs traceable to a methodological dualism to which we have hitherto been compelled, i.e. whilst we have some significant empiric access to brains, our study of minds depends very largely on personal reports; a situation that may stem from what may turn out to be an enduring incompleteness in our knowledge of processes that lead to the emergence of psychological systems. This methodological dualism may be the source of the problem posed by the non-physical sciences.  


� Admittedly, the doctrine of complete determinism in respect of a particular domain may be of methodological value, from the point of view that we may then aim at forming explanatory conjectures having a deterministic character, which would be more explanatory than their rival indeterministic hypotheses. But this value disappears if those deterministic conjectures are untestable.  


� The notion of invariance may, nonetheless, be significant with respect to explanation in the psycho-social sciences (Woodward, 2000).


� But see e.g. Woodward (2002) on the possibility of such tests.


� But this situation does not mean that monitoring the outcomes of applications of hypotheses in the physical and biological sciences are required to a lesser degree than monitoring the outcomes of applications of hypotheses in the psycho-social sciences. Indeed, the opposite could be the case, if only because 'unintended consequences' in the physical and biological sciences could be much more serious than those in the psycho-social sciences. The phrase 'unintended consequences' is part and parcel of Popper's social philosophy (Miller, 1983, Part IV).


� For further discussion of these problems see Popper ([1957] 1976) and Shimony (1993d). Thalos (1998) considers the problem of the legitimacy of all nonphysical sciences, including the biological ones. He links the problem to the question of the legitimacy of alternative modes of explanation - individualistic vs structural, or wholistic. But given the incomplete reductionist thesis, the nonphysical sciences are surely legitimate attempts to explain those aspects of phenomena - whether biological, psychological, or social - that cannot be given a purely physicalist account. And the question of the scientific character or scientific legitimacy of those attempts, hinges on the testability of the explanatory hypotheses advanced, rather than on their particular form.





