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I. Model mediation and the possibility of a realist conception of the

                            unification program in the physical sciences

There exists a profound formal difference between the theoretical conceptions physicists have formed about gases and other ponderable bodies, and Maxwell's theory of electromagnetic processes in so-called empty space.

A. Einstein - in 1905, pointing to the fundamental conceptual disparity in the        

physics of that time. He spent the rest of his life trying to rectify that and other disparities in physics.

... theories in physics do not generally represent what happens in the world; only models represent in this way ...

N. Cartwright

I have argued that the laws of our contemporary science are, to the extent that they are true at all, at best true ceteris paribus ... But we have no grounds in our experience for taking our laws - even our most fundamental laws of physics - as universal.

N. Carwright

... when we unify theories there is no accompanying reason to think that we have succeeded in uncovering a fundamental unity in nature.

M. Morrison

The universality of the gauge structure would ... suggest that there is really only a single unified gauge theory, with the four known interactions as different aspects, and the broken symmetry accounting for their difference at the phenomenological level. 

L. O'Raifeartaig

... the only reason that we in everyday life find such a great difference between the strong, the weak, and the electromagnetic forces is that we do not happen to live at a temperature of 1018 degrees. 

S. Weinberg

Modelling is certainly an art, involving a number of logical gaps..., but even as practiced in modern theoretical physics it is not perhaps quite the black art that some philosophers of science would have us believe.
M. Redhead

... the practice of physics,..., is an uneasy compromise between monistic unity and the diversity of eclectic pluralism. 

L. Tisza

As indicated in sect. B, a realist conception or account of successful unifying theoretical steps would attribute the possibility of such steps as being due 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.. The realist conception of successful unifying steps can thus account for conceptual changes in the move from predecessor to successor theoretical structures, i.e. it can account for the appearance of novel concepts in such moves, as well as for possible changes in the meaning of existing concepts. But this conception depends on the view that outcomes of successful unifying theoretical steps exhibit objective features held to be responsible for the success of those steps, i.e. that the outcomes, such as the foundational physical theories, are, or could be, truthlike. But, as indicated in sects. A and B, one of the serious challenges to a realist view on such theories stems from the model mediation problem. Now, of course, there can be no symbolic representation without model mediation, and without some conventions regarding meanings of symbols, etc. - conventions which may be of genetic or of "free" mental origins, or of both. But it does not follow that such alleged representations necessarily get it completely wrong, i.e. that the symbolic structures fail completely to capture any aspect of what realists take to be their objective counterparts; a view which, in any case, stands refuted by the existence of much of the biosphere (including ourselves), the survival of which depended on rudimentary representations that must have been approximately sound, for whatever the purpose at hand would have been. Nonetheles, model mediation does pose a serious problem for the realist case in respect of attempts at representations of aspects of reality not presented to us directly by our sense apparatus, but which nonetheless engender, especially in an experimental context, effects that are reachable by that apparatus. This section is thus concerned with the problem model mediation poses for a realist view of attempts at representations of deep features of physical reality, as exemplified by foundational physical theories; a problem of crucial relevance to a realist conception of the unification program in physics, and thus in the physical sciences generally. The aim is to see whether the suggested symmetry based realist stance on those theories (sects. B and C) may bear on that problem. The term 'model mediation' may have been coined by Morrison (1997), but the problem is already apparent in Cartwright's 1983 work. Cartwright's more recent views (1996 and 1999) are but a development of her earlier ones, albeit with important modifications. The problem as presented here reflects my understanding of the import of Cartwright's 1983 work. At the end of the section I consider what I take to be her central conclusions in her later work.

The problem of model mediation, as it touches on deep theories, arises whether such theories are interpreted to be syntactic or semantic structures. But the problem is perhaps more transparent from a semantic point of view (as will become clear below); a view which interprets a theory to consist of a class of models, qua formal structures that satisfy the theory (French and Ladyman, 1999; Redhead, 1980; Hughes, 1996; Weinert, 1999). Following Stachel (1993), a model of a foundational physical theory is here taken to comprise its nondynamical structure (manifold & metric), and one of its particular solutions, obtained with the help of its dynamic structure (equations of motion) plus auxiliary conditions - only in G.R. could the metric be regarded part of the dynamic structure, in which case a model of G. R. would simply be a solution of GR and solely consist of dynamical structure. Predictions of a foundational theory, being particular solutions, are thus for, or constitutive of, its theoretical models; and predictions arrived at via approximation methods are for, or constitutive of, its approximate models. Predictions may thus be seen qua theoretical models, on the understanding that the relevant structure of the theory forms part of such models. But a theoretical model could also be a simplified or approximate version (solution) of a theory, which could be more convenient for application purposes.
 

Now Cartwright's 1983 work suggests that the model mediation problem arises only or mainly in explanatory applications of 'fundamental laws' to complex phenomena; where 'fundamental laws' comprise both foundational and non-foundational theories, and "complexity" could mean the sort arising from a multiplicity of causal factors involved with the phenomenon of interest, or the sort exemplified by a carbon atom being more complex than the hydrogen atom, or, more generally, the sort encountered in considering "chunks of raw" reality. The use of theories in attempts to explain complex phenomena requires idealised abstracted models of the phenomena, or 'prepared descriptions', i.e. phenomenological models, meant to approximate in relevant senses both the phenomena to be explained and a model of the theory. In some cases even conflicting phenomenological models may be used for the same phenomenon - perhaps because the phenomenon has diverse aspects - and in other cases one model may be used for several different phenomena - perhaps because the phenomena have similar aspects. In cases where there is no explicit phenomenological model, the theoretical model is supposed to approximate the phenomena directly. Moreover, to extract from a theory (mutatis mutandis for cases where more than one theory is involved) solutions or models, which might approximate phenomenological models of complex phenomena or the phenomena themselves, generally requires use of one or another method of approximation. So generally the solutions yield only approximate models of the theory which are then meant to approximate the phenomenological models, which are then meant to approximate the phenomena. The claim that the explanatory theory is in contact with or that it is descriptive or representative of the phenomena to be explained must, therefore, presuppose that such approximations obtain, i.e. approximations between approximate theoretical models and phenomenological models and between the latter models and complex phenomena. 

The model mediation problem is further encumbered by the consideration that if theories or their models are to successfully connect with, and thus possibly be descriptive, of complex phenomena - generally held to be a prerequisite for successful applications in both explanatory and pragmatic contexts - then two requirements must be met: firstly, the phenomena must be within the domain of the theory, i.e. they must be in a context which satisfies the validity conditions of the theory (mutatis mutandis for cases where more than one theory is involved); secondly, there may be internal and/or external factors involved with the phenomena that are not taken account of by the theory, and the effects of such factors on the phenomena must be negligible (compared to the effects of the factors dealt with by the theory) if the theory is to be descriptive of the phenomena - or, alternatively, those factors must be taken account of independently, i.e. the ceteris paribus clause, other things being negligible or taken account of (in contrast to its standard sense: other things being equal or unchanged) must be met.
 

Such considerations suggest that 'fundamental laws' or theories may not be descriptive of complex phenomena (and a fortiori of the "messy" reality that gives rise to them), because they may not even connect with such phenomena. Thus, if we regard phenomenological laws to be standing in for phenomenological models, then according to Cartwright (ibid, p. 4) 'The route from theory to reality is from theory to [theoretical] model, and then from model to phenomenological law. The phenomenological laws are indeed true of the objects in reality - or might be; but the fundamental laws are true only of objects in the model.' Thus, even when a phenomenological model may capture 'objects in reality', the 'fundamental law' captures only objects in its own models. A 'fundamental law' may therefore be non-descriptive of 'objects in reality', because the theoretical models may not approximate the phenomenological models well enough, particularly when those are models of chunks of complex reality. Thus model mediation between theories and complex reality suggests that the theories may not be descriptive of that reality. It follows that explanatory successes arrived at via the D-N explanatory scheme (in cases where that is possible, even if only indirectly) may give a false impression as regards the descriptive character of theories. Whilst the theories may indeed be explanatory in the sense of being integrative (of predecessor theories, laws, and hence of phenomena), this unifying efficacy may not stem from a descriptive soundness, which unavoidable model mediation may vitiate. Explanatory success, therefore, may not be indicative of truth - nor, from the present perspective, of Tr - but only of efficient classification. A realist conception of the unification program may thus be misconceived. And so could the IBE thesis, which is in any case suspect, given that it fails to circumvent the necessity of resorting to the dubious virtue of simplicity, in order to select the theory meant to be true, or truthlike, i.e. it fails to resolve underdetermination of any sort. But model mediation appears to be the central consideration which led Cartwright (1983 and 1994) to reject a realist stance on both 'fundamental laws' and the unification program, and to adopt a pluralist understanding of scientific knowledge. 

 It might be thought that the model mediation challenge could be met by the following response. Consider test situations where we still take part of the world '... as it naturally comes... ' (Cartwright, 1991, p. 3), only we insure its quasi-isolation within a test-interval under appropriate conditions, i.e. we gain empiric control over the problem posed by the ceteris paribus clause (in the sense of, other things being negligible or taken account of ) attendant with tests and applications. Suppose then that the test-phenomenon is simple enough so that the relation between theory and phenomenon might be deemed straightforwardly deductive: the theory has an exact solution for the phenomenological model so that the theoretical model matches precisely the phenomenological model, and the phenomenological model is thought to be a good approximation to the phenomenon itself, e.g. the case of quantum theory and its account of the hydrogen atom. Cartwright acknowledges that such cases can be had in carefully done experiments. Experimental interventions for the expressed purpose of testing theories are thought to yield quasi-isolated simple phenomena, the models of which are thought to approximate well both the phenomena and models of the tested theory. In some test situations, therefore, the model mediation problem may be minimal, and the Tr of a theory, with respect to relatively simple phenomena, may be inferred from the corroborative success that may ensue in such cases - leaving aside the projection problem that that involves. The theory ought, therefore, to be applicable to complex phenomena within its domain, provided the complexity could be sufficiently disentangled by either theoretic or empiric means or both.
 

But this response fails although not, I think, for the reason Cartwright gives (1983, p.161): 'A handful of careful experiments will not do; what leads to conviction is the widespread application of theory, ...'. After all "convictions" - however arrived at (given adherence to the principle of the uniformity of nature one experiment will do) and however numerous - can hardly be objectively relevant. The response fails because model mediation is unavoidable even in tests. For however simple the test-phenomenon, what we generally see of it is only the effect it has on instruments designed to observe some of its empirically accessible traits. Those effects are then processed with the help of background knowledge. The processing - which admittedly involves the theory ladenness problem - provides data. The data may be "filled in" yielding an 'empirical basis' or a 'prepared description' or a 'phenomenological model' of at least that aspect of the phenomenon that is of interest  (generally some functional relation) - note how the model mediation and underdetermination (projection) problems get intertwined via this "filling in". The phenomenological model is then compared with theoretical predictions - solutions of the theory or theoretical models. Now clearly it is always possible to raise doubts about whether the phenomenological model is a good representation of its purported objective item. Thus even when there is a match between theoretical predictions and phenomenological models, doubts can be raised as to whether the theory is in touch with what it is supposed to be in touch with. Doubts can be raised, therefore, about the test's validity on grounds of model mediation, regardless of how simple the test-phenomenon. Although the ceteris paribus problem (in the sense of, other things being negligible or taken account of ) is more or less under control in experimental contexts, and although, in some cases there is no need to resort to approximation methods to obtain solutions, the solutions are still only for a theoretical model. And even if that model matches the phenomenological model it may not be clear just how, and to what extent, that latter model resembles the phenomenon (or that aspect of it we are interested in). This problem is also indicated by the consideration that whilst it may be possible to give a formal explication of the relation between formal structures (models), it is in principle not possible to give such an explication between a phenomenological model and that which it is supposed to model (French and Ladyman, 1999). Thus model mediation raises doubts about a theory connecting with its test-phenomena in a way required for the viability (or validity) of its tests. 

The problem model mediation poses in tests is particularly poignant in tests of deep theories, where dependence of the tests on complex instrumentation is unavoidably the norm. Consequently, the soundness of the tests, or the soundness of our interpretations of them, depends on our models of deep phenomena matching the phenomena, or aspects of them. But our ability to model such phenomena is circumscribed by our evolutionary and historically conditioned intuitive visualizibility and its associated ordinary notions, plus the available mathematics. The ordinary notions have clearly broken down in respect of relativistic and quantum phenomena, and there are signs that the available mathematics may also be inadequate for the task at the "rock-bottom" level. Moreover, our ability to manipulate deep phenomena to match our models of them is clearly highly restricted, e.g. we cannot turn a field into an ensemble of simple harmonic oscillators (in cases where the field is so modelled); and in sharp contrast to today's routine production of good approximations of the classical vacuum, we cannot produce the "vacuum" of Q.F.T. (Aitchison, 1985; Redhead, 1995; Saunders & Brown, 1991; Teller, 1996), etc. And in some cases - in experiments in the quantum domain where superluminal correlations may be significant - we can't even insure quasi-isolation of the test-phenomena, which can clearly effect our judgements about whether attempts to establish an approximate match between such phenomena and models of them are successful.
 

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 our models of them 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 successes 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 complex "raw" reality but also whether they are in contact with the much simpler reality in test-situations. Model mediation, therefore, casts doubt on the soundness of tests, as does the underdetermination problem. 

Thus, quite apart from Humean underdetermination, model mediation suggests that the inference of the Tr of the foundational theories from either their explanatory or corroborative successes rests on shaky ground. It seems, therefore, that to hold a realist view on the foundational theories and on the unification program, requires 

linking the possibility of the comparative Tr of a sequence of comparable theories not to visualizable phenomenological models that may be given mathematical representation, but rather to a common feature of the theories themselves; preferably a structural feature, independent of the models of the theories, and the extent of which would vary from one theory to another. A structural feature, moreover, whose own possible Tr would be indicated by its own distinct and valid testability.
 Only this sort of feature could perhaps suggest how contact between a theory and its test-phenomena could be had, even if our models of the phenomena - the 'prepared descriptions' - for which solutions are possible, do not quite match the phenomena. This possibility arises because such a structural feature could connect with its external counterpart via models of the theory which inherit the structure, or parts of it, in the case of approximate models. And given that this external structure very largely conditions the dynamics of test-phenomena, contact between the theory and test-phenomena could be had. The apparent methodological or selective role of symmetric-structures in physics, and its consequences, suggest that possibility. 

Perhaps a clearer picture of this posit - that a theory could make contact with phenomena in its real domain (an approximate realization of its theoretical domain) via its symmetric-structure, S(T), even if its models do not quite match the phenomena - may be formed thus: Symmetries are posited representations of structural features of the phenomena in their embedding theory's domain, i.e. they are thought to be representations of structural features to which the phenomena are meant to adhere. The theories are meant to be descriptive of those phenomena. Now attempts to bring a theory into contact with those phenomena are effected, willy-nilly, via some form of a phenomenological model of those phenomena, a model - which could be a law, or a 'prepared description' - for which a solution or approximate solution of the theory is possible. But such attempts may fail even in test situations because our phenomenological models may not match the phenomena or may not match them sufficiently or appropriately. Moreover, solutions for such phenomenological models are dependent on initial and boundary conditions. Thus even when the solutions match the phenomenological models, and it is supposed that those models match the aspects of the phenomena that are modelled, one might regard all that matching as indicating only that particular solutions of the theory may be in contact with particular aspects of particular phenomena. Such apparent successes could, therefore, not be indications that the theory qua integral unit is in contact with its real domain (class of phenomena), qua integral unit. However, we may posit such contact if we posit a similarity relation between the S(T) of a theory and the symmetric-structure of its real domain, with the rationale for this posit being the distinct and valid testability of that symmetric-structure; tests that yield the same evidence as regards symmetries, regardless of the initial and boundary conditions that figure in the concomitant tests of their theories. There appears to be no need to form complex phenomenological models of the symmetric-structures of the phenomena in order to link such models with the symmetric-structure of the theory, although simple models of those symmetric-structures may well be parts and parcel of models of the phenomena. The symmetric-structure to which phenomena are meant to adhere is implicitly posited to exist and to conform, at least approximately, to its supposed representation in the theory, whenever the theory is projected within its domain, either in its tests or in its applications. And, as indicated in sections B and D, the posit that the symmetric-structure of the theory has its approximate objective counterpart in the real domain of the theory appears to be open to distinct and valid testability, via its mathematical consequences in the context of the theory; consequences which although they are meant to constitute mathematical "representations" of the posited structures, are generally not models of those structures. Thus 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. Generally there appears to be no model mediation involved in tests of symmetries, of a  sort encountered in tests of their theories. In testing a theory we implicitly suppose that its invariant traits - those thought to be empirically relevant - hold approximately in its domain (regardless of the initial and boundary conditions that figure in such tests), and this supposition appears to be open to distinct and valid empiric scrutiny. Thus whilst model mediation is unavoidable in tests and applications of all attempted mathematical representations, the problem appears less severe in the case of symmetries than it is in the case of their embedding theories - as we shall see. But what we already know is that given a resolution of the underdetermination problem in tests of symmetries - on account of their structural trait which Jeffreys' alternatives to them cannot reproduce - such tests could effect contact between a singular symmetry and the structural phenomenon it is meant to represent; but then the model mediation problem attendant with such tests may, expectedly, be mitigated. This situation suggests that tests of symmetries could be both distinct and valid, and that hence the symmetries could be objective features of the respective domains of their theories. Given that hypothesis, the testable symmetric-structures of the foundational theories could have circumvented the projection and model mediation problems inherent in tests of their theories - circumvented in the sense of making it possible for the theories to connect with their respective domains, notwithstanding those problems. (This view rests on interpreting testable theory embedded symmetries to be about structures, which Jeffrey's alternatives to the symmetries do not possess, and which thus gives rise to the possibility of positive selection of both the symmetries and their embedding theories - sect. B) Thus, given the objectivity of testable theory embedded symmetries, and given that a theory has got the symmetric-structure of its domain right, or even only approximately right - a structure largely conditioning the dynamics of phenomena in that theory's domain - then the theory could connect with those phenomena via its symmetric-structure, even if its models do not quite match the phenomena. The posit is that given a similarity relation between the symmetric-structure of a theory and the symmetric-structure of its real domain, then the theory could connect with that domain, even if none of the class of its models quite matches the phenomena of interest in that domain. 

Another indication that a theory could connect with its real domain via its testable embedded symmetries, notwithstanding that its models may not quite match the phenomena in its domain, is that those symmetries, and their distinct testable consequences in the form of effects, depend neither on the theory's models, nor on the initial and boundary conditions that figure in the theory's solutions for its models. Theory embedded symmetries are independent of the theory's models (they are part of all of its models) but not vice versa. The symmetries appear to govern the sort of models the theory can encapsulate, models which inherit the symmetric-structure of the theory or, in the case of approximate models (e.g. laws), parts of it. Hence the possibility that the models could effect contact between the theory and the phenomena in its domain via their inherited symmetric-structures, even if those models do not quite fit the phenomena. The independence of the symmetric-structure of a theory from the theory's models, and from initial and boundary conditions that figure in tests of its theory, points to the generality of symmetries, a trait they could impart to their theory, and from which could stem the theory's projective generality, and hence its Tr, which could govern the extent of its domain. This view suggests that for a sequence of comparable theories satisfying the CC - Coherence, Parsimony, and Hamilton's Principle (HP) - the more similar the S(T) of a theory to the true S(T0) of the true theory T0, the larger should be its projective generality, and hence the more truthlike should it be, and hence the larger should its domain be (both theoretical and real) - a posit suggesting the possibility of a realist conception of the unification program in physics, and a posit which appears plausible in the light of the development of physics hitherto. The realist conception of the unification program is thus based here on the characterization of similarity, or likeness, of the S(T) of a T to the S(T0) of T0, in terms of the expression symmetric-structure-likeness; 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 of symmetricity (suggesting a discontinuous stepwise approach to the true symmetric-structure and thus to the true theory) - (sect. B).
Given that the notion of similarity - as between boh formal and physical structures, hence also as between formal and physical structures - is characterizable in terms of symmetric traits (sect. B), a theory's link with its real domain could come about via its S(T), which also links the theory with the true theory, and which appears to set the bounds of its domain (in the context of the CC). S(T) could thus be an indicator of the extent to which the theory is able to connect with physical reality (in comparison to its rivals), i.e. of the extent of its Tr, and hence of the extent to which its models could grasp that reality. S(T) could thus govern extent of corroborative success, which could thus be an indicator of Tr. But the conjecture that the theory possesses Tr does not rest on an inference from its success - whether corroborative or explanatory - to the "best" explanation, but rather on the view that its S(T) could stand in a similarity relation with both its tested realized version, and with S(T0); the former relation indicates the possibility of contact between the theory and its real domain, even if the theory's models do not quite match the phenomena in that domain. 

Thus the model mediation problem as it touches on foundational physical theories does not vitiate a realist stance on them, even if models of phenomena do not quite match either theoretical models or the phenomena. And critical empiric control exercised over S(T) within test-intervals could form a good rationale for the applicability or projectibility of a theory within its domain to complex phenomena in application-intervals, provided the complexity can be suitably dealt with. The rationale suggests that symmetric-structures found within test-intervals are likely to obtain out in complex reality as well, i.e. within any spatio-temporal region where the restrictive conditions on the domain of the theory in question obtain. Indeed, this posit is often testable out in complex reality, across application-intervals. Thus, as in the case of simple quasi-isolated test-phenomena the theory could connect with complex phenomena - whether they be in quasi-isolation, or out in "messy" reality - via the symmetric-structures of its models for such phenomena, even if the models of the phenomena do not quite match either the theoretical models or the phenomena. [I have assumed here throughout that approximate theoretical models arrived at via approximation methods, or models that only approximately satisfy the theory, inherit at least part of the S(T) of the theory.] Although in theory applications the problems encountered in attempts to link theories with complex phenomena are more severe than those encountered in attempts to link them with relatively simple quasi-isolated test-phenomena, they do not annul the possibility that the theories are truthlike about such phenomena. For the Tr of an hypothesis in respect of a phenomenon or in respect of parts of a phenomenon is circumscribed only by that the restrictive validity conditions that demarcate the domain of the hypothesis obtain in relation to the phenomenon. It is in principle not circumscribed by the complexity of the phenomenon. On the other hand, to discern a possible descriptive link between a theory and complex phenomena in its domain may well depend on our ability to disentangle the complexity, which may involve more complex model mediation.  

Another view of the problem posed by model mediation for a realist stance on theories might be this: Our attempts to achieve appropriate contact between theories and complex phenomena they are meant to explain fail since those attempts involve overly simplified models of the phenomena in isolation. The explanatory or retrodictive efficacy of the theories in respect of complex phenomena, may, therefore, be deceptive as regards their descriptive soundness. The inference of the Tr of the theories from their explanatory successes is, therefore, unwarranted. I have pointed out that although in tests the test-phenomena are relatively simple and in quasi-isolation, model mediation is still unavoidable. Thus models are required to mediate the supposed relation between the theory under test and its relatively simple test-phenomena, and it is not clear whether the models sufficiently match the phenomena. The problem is particularly poignant in the case of tests of 20th century physical theories, whose purported referents are much further from our phenomenological base than those of classical theories. Model mediation is thus a legitimate ground for scepticism as regards appropriate contact between a theory and its test-phenomena, and hence as regards the validity of its tests, and hence as regards inferences from its corroborative success to its Tr about its test-phenomena. But aside from the problem model mediation poses for such inferences, their validity is in doubt in any case since they are, prima facie, projective steps: they must presuppose the projectibility of the theory across its test-intervals. Thus model mediation in tests, and the projection problem across test-intervals, independently cast doubt on the validity of tests. 

However, the projection problem across test-intervals of the foundational theories of inertial physics could have been obviated by the apparent distinct and valid testability of the basic chronogeometric symmetries the theories embed. Those symmetries could thus ensure contact between theories and their test-phenomena, even if the phenomenological models for which solutions may be had do not quite match the phenomena. Tests of these theories are thus likely to be valid. But the theories also embed other testable symmetries and asymmetries - a composite of all their testable symmetries and asymmetries forming their symmetric-structures. This situation leads to the view that even if the theoretical and phenomenological models do not quite match the test-phenomena, our theory embedded representations (or models) of parts of a posited external symmetric-structure, parts to which we appear to have distinct and valid empiric access, may match those parts of the external symmetric-structure, parts to which the dynamics of phenomena are meant to conform. (This view is in line with the idea that in inertial physics the nondynamic structure of a foundational theory, of which the symmetric-structure of its spacetime is an integral part, largely conditions its dynamic structure.) Thus my posit is that even if our models of the test-phenomena are wanting, our theories may nonetheless make contact with such phenomena via their models that inherit their testable symmetric-structures, or parts of them - structures that could have a similarity relation with parts of an external symmetric-structure that appear to largely condition the dynamics of the phenomena. On this view, a theory's S(T) could govern its comparative Tr. Thus a realist stance in respect of these theories need not rest on an inductive inference, and, given ways of handling complexity, the rationale for their applications within their respective domains to complex phenomena may rest on a good albeit inconclusive reason: the apparent distinct and valid testability of their respective S(T). Hence the possibility of their miraculous successes. 

The two problems considered, Humean underdetermination and model mediation, suggest independently that an inductively based realist view of foundational theories, a view based on IBE, is flawed. Retreating to a middle ground between a realist view on theories and a non-realist empiricism - i.e. to realism solely about phenomenological laws - may indeed obviate the model mediation problem, to some extent. But in the light of Jeffreys' depiction of the underdetermination problem (sect. B), it is clear that the retreat doesn't obviate that problem. Resort to the dubious virtue of simplicity is thus still required for the selection of a phenomenological law from Jeffreys' alternatives to it. But then perhaps one of the chief goals of abandoning realism about theories - to relinquish the need of having recourse to dubious pragmatic virtues - is not achieved.
 

The present stance, based on an interpretation of theory embedded physical symmetries, and on their apparent distinct and valid testability, suggests that both problems - underdetermination and model mediation - may have been inadvertently obviated, or at least mitigated, in respect of the foundational theories. Thus, although tests of theories take place against quasi-isolated relatively simple phenomena, those tests, like theory applications, require model mediation. Nonetheless, the apparent distinct and valid testability of theory embedded symmetries suggests that the theories could be truthlike about simple quasi-isolated test-phenomena notwithstanding this mediation, and, further, that we could be in possession of good rationales for the applicability of the theories to complex phenomena. Thus we could be in possession of critical empirically based reasons for regarding the Tr of a theory in respect of its referents to be universal across physical reality, wherever and whenever the respective validity conditions attached to the theory hold.
 Admittedly, the problem of model mediation is more severe in applications, whether explanatory or pragmatic. But given that we have good reasons to suppose that the symmetric-structures found within test-intervals obtain within application-intervals, I can see no reason why more severe model mediation should deprive the theories from being truthlike about complex phenomena, although this Tr may well not be as good as their Tr vis-à-vis simple phenomena. The point is that since in the context of the present stance Tr is not inferred from success - either corroborative or explanatory - the fact that foundational theories cannot be made deductively relevant to either simple or complex phenomena without model mediation, does not vitiate the possibility that they are truthlike with respect to both sorts of phenomena, within their respective domains. Alternatively put: in the present context we do not need a direct deductive line from theory to phenomenon for regarding the theory to be truthlike about the phenomenon. What is required, however, is an apparent direct deductive line from the symmetric-structure of the theory to the symmetric-structure of its real domain, i.e. to the symmetric-structure of its class of phenomena (a structure to which we appear to have distinct and valid empiric access). Thus a theory could be truthlike about a phenomenon even if the complexity of the phenomenon makes its account via the D-N explanatory scheme impractical.
A further indication that the conjectured Tr of foundational theories may not be confined to simple phenomena may be gained from the following considerations. Foundational theories can be obtained by applying the Hamiltonian formalism to purely theoretical phenomena, i.e. to imaginary systems in transition. Such phenomena are precise models of the resulting theory, i.e. models for which analytic solutions are possible. The imagined systems in transition are thus very simple and conservative: energy-wise isolated. The theories and their symmetric-structures are then tested  within test-intervals against relatively simple but real quasi-isolated test-phenomena. Now the structural sense of the symmetric-structures and their apparent distinct and valid testability, has been interpreted here to suggest that the theories may be truthlike about such simple test-phenomena, and that the apparent distinct and valid corroboration of the symmetric-structures could have functioned as an unnoticed good rationale for the projection or application of the theories within their respective domains to complex phenomena, whether they be in isolation or not (given ways of handling complexity). But the Hamiltonian formalism can also be applied directly to complex phenomena, i.e. to models of complex systems in transition. For example, the formalism can be applied to models of open systems, i.e. simple systems in contact with complex systems via energy and momentum exchange (Davies, 1976). Indeed, the indications are that, within domains for which theories are available, the mathematical methods of physics can in principle handle systems of any complexity, and that only theoretical intricacy stands in the way of such an approach to complex systems. Thus the methods used to analyse simple phenomena can in principle be used to analyse complex phenomena. The move from simplicity, generally to do with conservative systems, to complexity, generally to do with non-conservative systems, is in principle possible on the theoretical level. Applying HP directly to complex phenomena (i.e. to their models) yields more complex theories but those theories are not in conflict with the foundational theories about simple phenomena. On the contrary, they theoretically corroborate the essentials of the foundational theories, such as  conservation laws. The non-conservative character of complex phenomena can be taken account of on the theoretical level. That both simple and complex theories satisfying HP should agree on essentials need not surprise us, given that HP expresses the realist posit (sect. C). For that interpretation of HP suggests firstly, that both simple and complex theories satisfying HP could be truthlike about their respective phenomena, and that this Tr should be linked to their invariant traits; secondly, that they should both reveal the same essential truths, since they have a common source. Thus although theories about both simple and complex phenomena are strictly speaking only about theoretical models, which may "connect" with models of such phenomena, the fact that the theories satisfy HP suggests that these latter models could "connect" with the phenomena themselves. This view appears to be born out, since most of the items in such phenomenological models, including symmetric-structures, are found to be features of  their respective simple or complex phenomena via tests of their consequences (given that the phenomena are within the relevant real domain). 

But if the methods of physics are in principle applicable to any physical phenomenon why does physics concentrate on "simple" conservative phenomena? The answer is, of course, that they are more easily modelled both theoretically and experimentally. Consequently, the relation or contact between such phenomena and their theories is likely to be more straightforward compared to that between complex phenomena and their theories. Theories about "simple" phenomena are thus likely to be better testable than those about complex phenomena. That consideration, plus the fact that such theories are often about the constituents of complex systems which give rise to complex phenomena, suggest that they may tell more fundamental or more general truths than theories about complex phenomena. Thus whilst it is true that our knowledge of physical reality is largely based on the relatively "simple" foundational theories applied to a '... distinguished subset of the systems [we suppose] the theory governs...' (Callender, 1995, p. 333), i.e. the subset of simple conservative systems in transition, that knowledge is likely to be sound for physical reality as a whole. The reason for that view is that whilst there are complex non-conservative phenomena, all the indications stemming from studies of "simple" conservative phenomena suggest that there are no authentic non-conservative forces (at least not within inertial physics). The non-conservative character of non-conservative phenomena can thus be taken account of.
 "Simple" theories about "simple" phenomena tell more general truths than complex theories about complex phenomena, because they are not about any particular system or phenomenon, but about fundamental interactions, which appear to underpin, albeit incompletely, all particular more complex systems and phenomena. 

Hacking suggets (1983, p. 226): 'In nature there is just complexity, which we are remarkably able to analyse. We do so by distinguishing, in the mind, numerous different laws. We also do so, by presenting, in the laboratory, pure, isolated, phenomena.' The general strategy in science, pursued in both theoretical and experimental contexts, of  analysing and dividing complex wholes into their composite simpler parts, is based on the expectation that wholes could only be partly understood in terms of their constituent parts and their interactions. It is generally understood, particularly in the light of quantum contextuality, that all descriptions rest on an 'inherently incomplete abstraction' - to borrow a term of Bohm's (1996, p. 747).
 Scientific understanding is thus an outcome of  theoretical analysis and experimental division of complex phenomena into a number of simpler phenomena that are more amenable to an unavoidably incomplete description via relatively simple expressions - such as the foundational physical theories. As Shimony observed (1993a, p. 216), 'In view of the great mathematical difficulties of determining what experimental prediction a theory makes concerning a many-body system, it is obviously desirable to carry out the critical experiments for assessing first principles upon the simplest possible systems.'
 It is not surprising, therefore, that the application of 'first principles' to complex phenomena, whether in quasi-isolation or not, should raise model mediation problems. To a lesser extent those problems are also present in attempts to test the 'first principles'. Whilst those problems do indeed suggest that the inference of the Tr of the 'first principles' from either their explanatory or corroborative successes is flawed, in the light of the present stance they do not vitiate the possibility of that Tr. 

Fetzer (1998, p. 31) points out, '... 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....The claim that the laws of physics lie thus only applies to cases of subjunctive conditionality that exclude relevant conditions.' Given the strategy of attempting to grasp complexity and diversity via theoretical analysis and experimental division, it is hardly surprising that validity conditions should accompany the products of the strategy, i.e. hypotheses, whether they be about entities, correlations, distributions, fundamental interactions, or symmetries. But such conditions are irrelevant to the question of whether the hypotheses are truthlike about their intended referents, within settings that satisfy the conditions. And this study suggests that we may have good reasons to suppose that wherever and whenever the validity conditions accompanying an hypothesis are met, or even only approximately met, then this Tr could hold whether the referents are in quasi-isolated conditions or out in "raw" reality. On the other hand, the validity conditions do suggest that arbitrarily selected chunks of reality will not find neat deductive accounts in today's science, and the accounts that will be forthcoming will be incomplete.
 But that problem is surely attributable to our present deficiencies: the inadequacy of our theoretical and experimental abilities with respect to handling or modelling complexity and diversity; and our lack of understanding of the details of processes that give rise to novel systems. All these deficiencies contribute to the incompleteness of today's science. Notwithstanding this incompleteness, however, today's science is sufficient to suggest that perhaps the bulk of the universe consists of not all that messy, purely physical, quasi-isolated, systems in transition, e.g. stars, galaxies, etc. - systems that are fairly well understood in terms of today's physics-based cosmology, i.e. understood as regards their origin, life cycles, constituents and their interactions, etc. There may well be much more that we don't know than what we conjecturally know. But the "messiness" of arbitrarily selected chunks of physical reality does not nullify the possibility that today's physical theories are truthlike about their respective domains or intended referents.        
Cartwright's work points to an admittedly real tension between the ability of an hypothesis to be explanatory and its ability to be descriptive. Explanatory power - in the sense of unifying efficacy, or integrative generality, or scope - requires highly abstract concepts, necessitating high degrees of model mediation to bring those concepts, or their predictive consequences, and phenomena into contact. The mediation may thus fail, and hence the hypothesis may not be descriptive. In contrast, hypotheses using less abstract concepts require less model mediation to effect contact between their predictions and the phenomena they are about. Thus they are, or may be, descriptive, but not explanatory. Whether an hypothesis is explanatory or descriptive may thus depend on the degree of model mediation required in the attempt to link its consequences with phenomena. 

Accordingly, relatively simple hypotheses, e.g. phenomenological laws, can be deemed descriptive (but perhaps not explanatory),
 because they require relatively little model mediation for effecting contact between them and the phenomena they are meant to govern. But apparently the same holds for the symmetries of a physical theory. Their link with the effects they predict, via their embedding theory, may in some cases be discerned by simple inspection of the evidence, with but rudimentary model mediation involved. For example, the mere presence of Planck's constant h in a theory leads us to expect discrete traits in the evidence stemming from that theory's domain, i.e. from the phenomena in that domain, whether they be simple or complex. Thus the h symmetry engenders a distinct prediction of the theory, which may be seen as one of its theoretical models, but one that is part of all of its solutions, or predictions, or models, that are not specifically models of symmetries. That distinct prediction is testable with or without the aid of a phenomenological model; a phenomenological model - e.g. a 'prepared description' of measured values of discrete energies - would be involved only if calculated and measured values are compared, but the discreteness of such traits can be discerned by simple inspection of the evidence. Thus the symbol h, which engenders the prediction of an effect, may be seen qua theoretical model that relates directly to its predicted effect, which is, in this case, an actual model of the structure indicated by the h symmetry. Time-translation 

invariance of a theory leads us to expect that the evidence stemming from both simple and complex phenomena in that theory's domain should exhibit energy conservation, etc. Thus distinct invariant traits of a theory (e.g. t-translation invariance) lead us to expect distinct effects (e.g. energy conservation), with the distinct theoretical model of the theory (e.g. the conservation prediction, which is again part of all the theory's predictions not to do specifically with symmetries) mediating - generally with the aid of a simple phenomenological model - between the symmetry and its testable effect. However, this mediation appears no more complex then the mediation involved in tests of phenomenological laws. In tests of symmetries we generally encounter relatively simple model mediation, apparently because symmetry engendered consequences - engendered as regards theoretical predictions of effects and, on a realist view of symmetries, engendered also as regards realisation of those effects - do not depend on the details of the phenomena considered, whether they be simple, quasi-isolated, or not; nor do they depend on initial and boundary conditions.
 Thus, notwithstanding that tests of the embedding theories may require complex model mediation, and notwithstanding that it is such tests that reveal whether an embedded symmetry engendered prediction holds, only little model mediation is involved in such tests between the distinct embedded symmetries and their distinct testable effects; effects (e.g. energy conservation) suggesting that the distinct structural traits of the symmetries (e.g. equivalence of temporal instants) obtain in the domain of the relevant theory. For although an embedded symmetry is part and parcel of a complex theoretical structure (class of models), and hence it may appear that it is the entire structure that mediates between the symmetric idea and its testable effect, the actual theoretical model (prediction) involved in this mediation is but a simple part of that complex structure; hence the phenomenological model involved in the mediation would of necessity also be simple. (This theoretical model will also be part of all predictions, or models, not having specifically to do with symmetries, because all such models inherit all symmetries, or parts of them, in the case of approximate models.) Apparently, the possibility of such simple model mediation arises - notwithstanding that the model is embedded in a complex theoretical structure - because, given that symmetry engendered predictions are independent of the details of the relevant phenomena, that distinct model could relate distinctly to both its distinct source (the embedded symmetry) and its distinct testable effect, even if the model mediation required in respect of the complex theoretical structure was not fully successful, due to complexity of the phenomena. Thus the mediation present in tests of symmetries may be fully successful even when the mediation present in tests of their embedding theories is not so successful. The role of such theories, in tests of their embedded symmetries, appears thus to be an enabling one, rather than being direct mediators. It further appears that the distinctness of the relation between an embedded symmetry and its testable effect is due to that symmetry hypotheses are not quantitative, but rather qualitative structures engendering qualitative predictions of effects, which acquire quantitative expression only in a specific theoretical context. For example, whilst the appearance of h (a qualitative structure, notwithstanding that it has a numerical value) in a theory predicts quantisation per se, independently of details and conditions, the prediction translates into precise values of discrete traits only within a particular theoretical context; similarly in the case of t-translation invariance and its engendered prediction of energy conservation; in the case of parity and the prediction of its violation in weak interactions; etc. The fundamental structural character of theory embedded symmetries, and of their engendered predictions, may account for symmetries not requiring complex modelling in their tests; it may also account for their distinct relatedness to their testable effects, regardless of details. (This is also the reason why Jeffreys' alternatives to symmetry hypotheses are not legitimate alternatives, for although they can reproduce the quantitative expressions of symmetry engendered predictions, they cannot reproduce the structures that give rise to those predictions.) Instead of complex models (i.e. predictions arrived at via somewhat dubious means) mediating between distinct theory embedded symmetries and their distinct testable effects, those effects appear to relate more or less directly to their respective symmetry. Thus contact between a theory and phenomena in its domain may generally be noted via more or less directly discernable contacts or relations between attempted symbolic representations of posited symmetries - representations embedded in the theory - and the testable effects the objective counterparts of those symmetries are meant to have on the relevant phenomena; effects, which, when corroborated, would suggest that the structural or equivalence traits indicated by the symmetries obtain in the theory's domain. 
Be that as it may, not to grant objective status to theories leaves their corroborative and explanatory successes, as well as their unifying efficacy, without good accounts, making those successes and unifying efficacy appear miraculous. But to infer the descriptive character of theories merely from their successes and unifying efficacy is circular, projective, and fails to come to grips with the model mediation problem. It is for this reason that realists about the foundational theories need to look for a source of their Tr in the theories themselves; a source that is both a common, but also varied, feature of the theories. That sort of enquiry is very much in line with Cartwright's own admonition (1994, p. 362), 'As with all cases of genuine theoretical pluralism, what we have to do is look for what connections there are and where they are.' Next to the CC, and their immediate consequences, the most significant connecting strand of the foundational theories appears to be that formed by their symmetric-structures; structures exhibiting both similarities and differences, and they seem open to distinct and valid empiric scrutiny.

In her 1999 work Cartwright is led to two results, either of which, if sound, would block the possibility of a realist conception of the unification program: 

(1) '... theories in physics do not generally represent what happens in the world; only models represent in this way, and the models that do so are not already part of any theory.' (p. 180) The models at issue are 'representative models', i.e. 'models that are true to what happens', and for which 'we must go beyond theory'. (p. 181). Now, although what constitutes 'beyond theory' may be debatable, and although in cases where the theoretical treatment or account of phenomena requires more than one theory - perhaps because the complexity of the phenomena makes it impossible to experimentally separate the domains of the theories - the representative trait of the theories may be obscured, there apparently are cases for which Cartwright's observation holds; especially in the quantum domain, albeit a better future quantum theory may shed some light on such cases. Thus there may well be phenomena (in or out of the laboratory) which today could be given only a model representation, a model that could not be seen to be 'part of any [available] theory'. And such cases do indeed suggest that the available theory or theories which should be able to account and thereby represent those phenomena, among others, are non-representational of those phenomena. But there surely are many more known phenomena whose treatments suggest the opposite, i.e. where the representative models - e.g.  the standard laws, including the spectral laws of Q.T. - can be shown to be approximations to theoretical models of  explanatory theories (with apparently enhanced generalities, both integrative and projective, than those of the representative models); theoretical models that inherit parts of the symmetric-structure of their theory. A representative model can then be seen to be part of a theory, qua approximation to one of its models; a theory, the symmetric-structure of which helps exhibit the approximation, because its model and the representative model share the same part of that symmetric-structure. And the domain of the representative model can then be regarded to be an approximate instantiation of a part of the theoretical domain of the theory. The phenomena of the domain of the representative model are meant to conform and can be observed to conform to that model, which is an approximate match to its theoretical counterpart, with its inherited symmetric-structure. The phenomena could thus acquire a theoretical account and representation, qua approximate instantiations of a part of the class of phenomena that make up the theoretical domain of the theory. Thus if such representative models (or phenomenological laws) are indeed representational, then the theories that provide accounts of them, and which share parts of their symmetric-structure with them, could also be representational.

 (2) 'I have argued that the laws of our contemporary science are, to the extent that they are true at all, at best true ceteris paribus ... But we have no grounds in our experience for taking our laws - even our most fundamental laws of physics - as universal. Indeed, I should say ''especially our most fundamental laws of physics'', if these are meant to be the laws of fundamental particles. For we have virtually no inductive reason for counting the laws as true of fundamental particles outside the laboratory setting - if they exist there at all.' (pp. 33-34) Thus Cartwright concedes here that laws could be true (perhaps also truthlike?), but only "ceteris paribus", understood here to mean only in respect of their domains, where their validity conditions are met.
 Cartwright's claim now is that notwithstanding that the laws could be so true we have no inductive grounds for regarding them - especially the 'fundamental laws of physics' - to be "universal". Now given my understanding of her use of the term ceteris paribus here, i.e. 'only in respect of their domains', and given that "universal" is meant to suggest being true outside their domains, then, trivially, the laws are not "universal"; nor do we have either inductive or deductive reasons for regarding them to be so "universal". But there is another sense of "universal"; it is the following. This study suggests that we may have deductively based reasons - i.e. the distinct and valid corroborations of the symmetric-structures of the 'fundamental laws' - which indicate that those laws may be truthlike about their intended referents, wherever and whenever those structures obtain. And if that is the case, then those reasons would also suggest the universality of the laws, in the sense that they would hold across physical reality, wherever and whenever their validity conditions are met, whether that be in or out of the laboratory. Thus even if the fundamental particles should exist outside the laboratory under any conditions, a fundamental law would, admittedly, be descriptive only of those in its domain, where its validity conditions are met. But this domain specificity of these laws (as with all scientific hypotheses) does not detract from their universality, because the required conditions may, in principle, be realised anywhere; as they apparently are in today's physical laboratories, even in cases where the natural setting of the conditions has vanished long ago. Moreover, notwithstanding the domain specificity of the fundamental laws, they have important deductive (or reductive) links, as well as symmetric-structures that are both similar (in form) and diverse (in content). According to the present stance, the diversity of their symmetric-structures could be responsible for their domain specificity (as indicated by their respective validity conditions); and the similarity of those structures would suggest that their formal links are to be expected; and given that those structures are distinctly and validly tested, those links are likely to be empirically based, pointing to the possibility of a realist conception of the links, and hence of the unification program. Thus in view of the connecting strand of the fundamental laws of physics, i.e. their tested symmetric-structures, we have some empiric indication that those laws (and possibly all theories and laws mathematically linked to them) are not as dappled as they may appear at first sight; consequently, it is unlikely that their respective domains are dappled either. But even were the laws dappled, that would still not be, ' … in itself the slightest reason for thinking that we live in a "dappled world", if that is meant to deny that there is some conceptual characterization of the nature of things that is universal in its applicability.' (Sklar, 2003).

Given a realist view on foundational theories, grounded on a realist perception of their testable symmetricities, and given the authentically novel and enhanced symmetricity of the relevant succeeding theories compared to the symmetricities of their predecessors (sect. B), a realist conception of the unification program in physics, as it relates to those theories, is indicated. Moreover, given that all other physical hypotheses (as well as chemical and biological ones), are in part reducible or linked to those theories, a realist conception of the partial unification of the physical sciences generally is also indicated. But can this grand unification program be completed in the sense that it yield a well corroborated final "all unifying" theory, one that could be true (or approximately true) of physical reality in toto? The final theory, like all other theories, would be domain specific, i.e. its validity, or truth, or Tr, would be circumscribed by its validity conditions, i.e. the temperature of our universe at the Big Bang. Thus, notwithstanding that, in principle, the domain of the final theory is virtually our entire universe from its beginning to its "end", in effect, that domain is only our universe existing under the conditions near the Big Bang (sect1, part III-2). Thus whilst the final theory would be maximally projectable, i.e. in principle applicable to the bulk of the universe (not the entire universe because of the incompleteness of all reductions, because of Kuhn loss, etc. see sect. B), in effect, it would be projectable only across the universe in its early state. Hence "all unifying" is not understood here to mean all descriptive and thus neither all explanatory, i.e. a theory of everything. It is not understood as such because the evidence indicates the emergence of novel systems (via spontaneous symmetry breaks, and other means), which gave rise to a multiplicity of quasi-independent domains, the theories (or, more generally, hypotheses) of which can stand only in a partial reductive relation to the final theory (sect. E). And the final theory would itself indicate how it is that the phenomena it can account for, which its predecessors cannot account for, are either non-existent or undetectable in the domains of the predecessors.
 Nonetheless, the partial deductive (or reductive) relations between the final theory and its predecessors would be sufficient to endow that theory with unifying efficacy, and hence with explanatory efficacy vis-à-vis the entire universe. On the present view, that efficacy would stem from the theory's descriptive soundness about the universe in its early state. It is, however, not clear whether such a theory can be had, even were we able to recognize it. The chief impediment to obtaining a final theory is that practical (energy) considerations may prevent physicists from obtaining data that could serve as both guides to, as well as tests of, such a theory (but the situation is not hopeless, see, e.g. Smolin, 2004). Only such a theory, well corroborated, could indicate the scientifically sound integrability of Q.T. (or Q.F.T.) and of G.R..

Cartwright suggests (1999, p. 23), 'Nowadays ... it is not realism but fundamentalism that we need to combat.' Her realism is very much 'local' and 'Kantian in structure', and the 'fundamentalism' appears to stand for a universalism, which would indicate the possibility of a realist conception of the unification program in the physical sciences. It is thus of some interest whether a preference for such a 'fundamentalism' over Cartwright's 'pluralism' is sound (Belot, 2000). The main problems standing in the way of that sort of 'fundamentalism' are the projection and model mediation problems. But this study points out how those problems could have been significantly resolved or obviated in the physical sciences, given that the methodological practices that dominate advances in those sciences broadly conform to the critical rationalist outlook (as I think they do). Thus from the point of view of that outlook the preference for a conjectural and partial 'fundamentalism' ought to be sound (partial: given the incompleteness of all reductions, discussed in sect. E).
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� Notably, the semantic approach to theories doesn't obviate the underdetermination (or projection) problem in tests arising in the process of obtaining solutions (models) of a theory in order to test it (sect. B), because Jeffreys' plethora of aberrant theories could, in principle, each supply a model that would be empirically equivalent to that obtained from the theory of interest. It is thus unclear just which of the theories is being tested.


� The two requirements in respect of applications of hypotheses are discussed in sect.1, part III.- 2, where this non-standard sense of ceteris paribus is introduced. It could be that Cartwight's early use of the term ceteris paribus, in relation to explanatory applications of 'fundamental laws' to complex systems, is meant to suggest that in such cases it is not possible to meet the two requirements; and hence model mediation becomes even more untractable than it would otherwise be, and hence 'fundamental laws' fail to connect with the "real" world outside the laboratory.


� For example: theoretic disentanglement could involve disentangling multiple causal factors; showing values of quantities of no interest to the problem to be negligible; etc. Empiric disentanglement could involve independent measurements of validity conditions, of the effects of independent forces, constraints, etc.. More to do with such problems can be found in Sklar (2000).


� The authenticity of outcomes of tests depends on quasi-isolation of experimental phenomena, meant to ensure that all influences on the phenomenon being studied are taken account of, even if only in the sense of ruling out some influences as being negligible to the outcomes. If such quasi-isolation is not obtainable, then outcomes of tests could clearly be misleading as regards a possible match between the phenomenon, or aspects of it, and its phenomenological model - even assuming we have a solution for the model. 


   The point at issue was used by Einstein (The Born-Einstein Letters, 1971, p. 171) in his stand against Born's standard interpretation of Q.T.: 'The following idea characterises the relative independence of objects far apart in space (A and B): external influence on A has no direct influence on B; this is known as the 'principle of contiguity', which is used consistently only in the field theory. If this axiom were to be completely abolished, the idea of the existence of (quasi-) enclosed systems, and thereby the postulation of laws which can be checked empirically in the accepted sense, would become impossible.'. (It is likely that by '...relative independence of objects far apart in space...' Einstein had in mind both separability, that such objects possess distinct states, and locality, that the state of a system can be altered only by local influences - Laudisa, 1995). Einstein's point - which amounts to the view that if non-local correlations exist then there can be no quasi-isolation, hence no testing 'in the accepted sense' - is indeed relevant in respect of the possibility of inferring a theory's Tr from its corroborative success, because, quite apart from the projection and model mediation problems, Einstein's stance would bar such inferences. For given non-local correlations one cannot know just what that success reflects. However, given the demarcation (albeit unsharp) between the various domains of physics, quantum non-local correlations are likely not to be significant in experiments dealing with domains other than the quantum one. And even in respect of experiments in the quantum domain, only those are likely to be affected that are specifically designed to test  for such correlations. Thus, whilst Wigner's (1995, p. 391) point is sound in principle: that '... in the quantum mechanical sense, it is in our world truly impossible to produce a macroscopic isolated system.', in practice, that deficiency of ours is not a problem, because in experiments dealing with macroscopic objects quantum effects are either non-detectable, or non-existent, and hence isolation 'in the quantum mechanical sense' is not required. Thus, it seems that quantum non-local correlations are not as great a threat to physics as Einstein apparently thought. Nonetheless, it does seem that our present knowledge may miss out on some further constraints that may operate on non-local correlations; which would, of course, be the case if Q.T. was indeed incomplete, with respect to its purported domain. But if that is not the case, and the present formalism has got it right, then, it must be admitted, a question mark hangs over outcomes of tests dealing specifically with non-local correlations. For how could one shield such tests from possible effects of stray correlations, whatever their origin might be? On a Bohmian view of the problem of isolation or autonomy in the quantum context, see Holland (1998, esp. p. 908).


� For Cartwright's account of the predictive efficacy of theories in respect of simple phenomena '...in a limited environment...', see her (1991).  


� A valid test being one that could bring into contact a singular hypothesis and its test-phenomenon, consequent to that its attendant projection and model mediation problems could be resolved, via deductive-empiric means (sect. B).


� Clarke (2001, p. 718) suggests, 'By endorsing IPC [inference to the most probable cause] without generally endorsing IBE, the entity realist keeps the door closed to scientific realism, while moving away from antirealist empiricism. The availability of defensible middle ground for entity realism is thereby established.' Consider measurements of electromagnetic radiation from controlled sources in a laboratory setting. The measurements yield raw data, e.g. meter readings. Applying IPC to such data suggests that they are caused by electrically charged entities (which may be called "particles") of a certain kind, in a state of motion, of a certain kind. Thus, according to IPC, the "particles" and their motion are both real. Now applying IPC to the state of motion (as seems reasonable, given that the motion is now regarded as real as the data), then that will suggest that the cause of the motion is another kind of entity (which may be called "field"), of a certain kind, in a state of a certain kind. (An entire list of empiric factors involved in such experiments, which effect the states of both sorts of entities, are manipulable, and generally the traits of both sorts of entities are also empirically ascertainable independently of such experiments.) But then IPC and the relevant dynamical theory lead to the same, presumably true (or truthlike) result. Consequently, the theory must contain some truth, and it isn't clear where the middle ground is. Of course, we can in principle construct an infinity of alternative theories, each of which could at least be interpreted to lead to the same result, and they cannot all be true. But that problem pertains to phenomenological laws as well, regardless of whether they are obtained via this or that form of IBE or of IPC, or via trial and error. This study suggests, however, that this problem may have been circumvented, in respect of both theories and laws, via standard practices.  


� As indicated in sect. B, from a logical point of view the Tr of an hypothesis about an phenomenon is independent of the existence of that phenomenon but, of course, the validity conditions attending the hypothesis, or rather attending its Tr or viability, would need to be hypothetically met by the hypothetical phenomenon. But if the hypothesis is to be truthlike about existent phenomena than those phenomena would, of course, need to exist.


� For example, whilst the frictional force is dissipative from the point of view of mechanical efficiency the "lost" energy doesn't vanish. Similarly, parity violation in weak interactions has been found within a simple conservative, quasi-isolated, laboratory system, in transition. But the theory that accounts for the violation is not just about weak interactions in such phenomena, but about weak interactions, whether they occur in simple or complex phenomena.  


� On a sceptical view of the applicability of the 'piecemeal approach' in physics to the universe as a whole see (Torretti, 2000). 


� The problem of the relation between parts and wholes is also discussed by Shimony (1993b). 


� For an exception to this picture see (Rueger and Sharp, 1996). 


� On the general descriptive/explanatory distinction see (Pitt, 1988).


� However, as pointed out in sect. B., in cases where test of a symmetry involves resort to Noether's theorem, linking the symmetry with its testable conservation effect, the validity of the test depends on whether the implied metaphysical posit - about this linkage holding in the domain of the relevant theory - obtains.


� The validity and applicability of hypotheses are condition dependent; they are not CP dependent. Only better understanding and successful pragmatic applications are conditional on a ceteris paribus clause being met, and then it is not the standard clause, but rather, other things being negligible or taken account of ; see sect.1, part III-2; on Cartwright's more recent explication of ceteris paribus, see her 2002.


� The domain specificity view of the final theory may "resolve" the time problem in quantum gravity theories (Belot and Earman 1999). For on that view we would not expect such a theory to account for temporal change  subsequent to the state of the universe at or near the Big Bang, a state which may well have been Parmenidean in which no change occurred; and the change inherent in the Big Bang may perhaps be accounted for in terms of spontaneous symmetry breaks.


� Apparently, a theory of quantum gravity need not necessarily require quantization of the gravitational field, see Huggett and Callender (2001) and Callender and Huggett (2001). 





