CHPATER 3: THE PAST-HYPOTHESIS AND KNOWLEDGE OF THE EXTERNAL WORLD

	1) CLASSICAL PHYSICS

	Consider a Classical Boltzmannian universe - a universe (that is) whose laws consist of a set of deterministic time-reversal-symmetric Newtonian or Hamiltonian equations of motion, and of a hypothesis about the initial macrostate of the universe, and of a probability-distribution over the exact microstates compatible with that macrostate.
	The distinctive contributions of the various individual components of a theory like this to the overall form of the world - and particularly the contribution of the hypothesis about the initial macrostate of the universe - are worth attending to.  
	Imagine (to that end) that we remove the hypothesis about the initial macrostate of the universe.  The prescription for inferring certain features of the world from other features of the world, in a Boltzmannian classical statistical mechanics, with the past-hypothesis removed, runs like this: Suppose that what is somehow directly given to us - of which more in a minute - is that at a certain time T, the exact microstate of a certain system S is located in some (perhaps disjoint) sub-region A of the phase space of all of its exact possible microstates.  Then 

(1) Adopt the probability-distribution over the possible exact microstates of the universe as a whole at T which is uniform - with respect to the standard Lebaguse measure over its phase-space - over all those microstates which are compatible with S being in A, and which vanishes elsewhere.  
	
(2) Evolve that distribution forward and backward in time by means of the deterministic equations of motion.

And the resulting distribution, which ranges over all possible exact microcinditions of the world at all times, is all that can be inferred, in a Boltzmannian classical statistical mechanics, with the past-hypothesis removed, from the information that S is in A at T.
	What it will be appropriate to think of oneself as being directly given, what it will be appropriate to think of oneself as knowing without inference, will vary with the context of the inquiry.  In our earlier investigations of the asymmetry of our epistemic access to the past and the future (for example) it was often convenient to think of oneself as being directly given something along the lines of the present macrocondition of the universe.  But here, where it is our epistemic access to the external world simpliciter that is at issue, we will need to be much more restrictive.  Perhaps (in the extreme case) just one’s own occurrent mental state.
	Anyway, however that question is decided, whatever it turns out to be appropriate to think of oneself as directly given, the point to take note of here is that information about the state of any system S at any time T can have absolutely no implications whatsoever, on a Boltzmannian classical statistical mechanics, with the past-hypothesis removed, about the condition at T of any system other than S.  The point to take note of is that if one starts with a probability distribution which is uniform - with respect to the standard Lebaguse measure over its phase-space - over all of the possible exact microstates of the universe at T, and if one conditionalizes that distribution on whatever it may be appropriate to think of oneself as directly given about the situation of S at T, that conditionalization can have no effect whatsoever on the probability-distribution over the possible states of any system other than S at T.
	And so, on a Boltzmannian classical statistical mechanics, with the past-hypothesis removed, there can be no knowledge whatsoever of the present physical situations of systems other than those to which I have the sort of immanent and direct and unmediated access that I have to (say) my own thoughts.
	Period.  End of Story.
							*
	But there can, of course, be knowledge of such things.  
	We knowers (then) are manifestly availing ourselves of resources not available in a Boltzmannian classical statistical mechanics with the past-hypothesis removed.  We are helping ourselves (in particular) to stipulations about the state of the universe at other times.  We believe (more or less) the reports of our senses.  We assign a high probability – however implicitly - to the proposition that our sensory instruments started out either in or relevantly near what are usually referred to in quantum-mechanical discussions of measurement as their “ready” states.  
	And the hypothesis about the initial macrostate of the universe can be thought of in this context as contributing to an account of how it comes to pass that those sorts of instruments tend to start out in their ready states.   The hypothesis about the initial macrostate of the universe can be thought of in this context as contributing to a justification of our confidence that those sorts of instruments tend to start out in their ready states.  Nobody has any idea, of course, how likely it is that a Classical Boltzmanian universe with an initial macrocondition more or less like our own will end up producing any interesting sentient epistemic agents at all.  But part of what we learn from Darwin, part of the upshot of the familiar stories about random mutation and natural selection, is that whatever such agents may happen to awaken into a universe like that will have a lawlike statistical tendency to awaken with what turns out to be a well-placed confidence – however tentative or uncertain or ceteris paribus - in the reports of their senses. 
							*
	Another (better, more illuminating, more fundamental) way of thinking of the hypothesis about the initial macrostate of the universe - in the context of a discussion like this - is to think of it as a more precise and more sophisticated and more expansive idea of the ready-state of our instruments themselves.
	On this approach, one thinks of one’s measuring-instrument, from the word go, not as this eye or as that ear but as the world itself.  One first awakens into the world knowing a little, but very little, about the proper use of this instrument - and one learns to do better by means of natural science.  As one’s knowledge of the world expands (that is) so does one’s capacity to see the world, and to put the world to work, as a detector.  
	So (for example) believing the reports of ones eyes about the position of a certain apple is like supposing that a certain gigantic and complicated all-purpose measuring-device is designed to bring about (among other things) a correlation between the position of that apple and the position of some particular one of an enormous array of pointers - pointer number 17, say - on its face, and the discovery that the evidence of one’s eyes can under certain circumstances be overridden is like the discovery that in fact the instrument in question is designed to bring about that particular correlation only in the event that pointer number 243 is in position α - which, as it happens, has been the case throughout one’s previous experience - and that in the event that pointer number 243 is (instead) in position β, the position of pointer number 17 functions as an indicator of the value of some altogether different physical variable of the world.  
	On this way of thinking, the complete fundamental dynamical laws of the world amounts (among other things) to the complete design of one’s sensory instrument, and the initial macrostate of the universe - the one mentioned in the past-hypothesis - is (as I mentioned in the text) the ready-state of that instrument.  The posture with which one first starts out, the posture of more or less believing the reports of ones senses, already has in it enough of an inkling of that design and that ready-state to get the epistemic project underway.  But one eventually manages to parlay that inkling, by means of scientific investigation, into a much fuller and more detailed and more precise understanding, an understanding which ends up (among other things) explaining and underwriting precisely that posture with which the project first starts out.
							*
	Anyway, however one prefers to think about it, the concrete facts of the matter are as follows:  It is the conditionalization on the past-hypothesis that changes everything.  It is the conditionalization on the past-hypothesis that makes knowledge of the external world possible.  The probability-distribution which is uniform - with respect to the standard measure - over the possible exact microstates of the universe at T contains no correlations whatsoever between the values of any two distinct physical degrees of freedom.  But that same distribution conditionalized on the universe’s having started out in the macrostate mentioned in the past-hypothesis can all of a sudden contain vast libraries of them. 
	And there seems to be no simple principled limit to how precise and how detailed those correlations can eventually become.  The theory of classical Boltzmannian universes that start out in accord with the past-hypothesis turns out to contain nothing on the level of fundamental physical principle which stands in the way of a system’s eventually parlaying it’s innate confidence in it’s sensory instruments into as detailed and as comprehensive a knowledge as it likes of the present physical situation of any sub-system of the universe it chooses.  The theory comes (you might say) with a covenant of openness.  The theory has no truck with any absolute or insurmountable or uncircumventable sort of uncertainty.
									

	2) GRW

	The story of our knowing things on the GRW theory - notwithstanding quantum-mechanical folk wisdom to the contrary - is more or less the same, and leaves the classical epistemic ideal more or less intact.
	The laws of a Boltzmannian GRW universe consist of the stochastic, non-tme-reversal-summetric GRW laws of the evolution of the wave-function, and of a hypothesis about the initial macrostate of the universe.  It the case of the GRW theory, nothing further, nothing (that is) along the lines of a probability-distribution over the exact wave-functions compatible with that macrostate, seems to be required. 	
	Boltzmannian GRW universes, like the Classical Boltzmannian universes we considered before, plausibly have a lawlike statistical tendency – if the right contingent historical circumstances arise - to produce systems that awaken into the world with one foot already in the door of knowledge, systems (that is) that awaken into the world with what turns out to be a well-placed confidence, however approximate or provisional or ceteris paribus, in the reports of their senses, systems (to put it one more way) that awaken into the world with what turns out to be a well-placed confidence, however approximate or provisional or ceteris paribus, that their sensory-instruments are initially either in or relevantly near their ready states.  And the mechanism of that production is (again, presumably) random mutation and natural selection.
	Moreover, just as in the classical case, the theory turns out to contain nothing on the level of fundamental physical principle which stands in the way of the system’s eventually parlaying it’s confidence in it’s sensory instruments into as detailed and as comprehensive a knowledge as it likes of the physical situation of any sub-system of the universe it chooses.  The theory comes (again) with a covenant of openness.  The theory has no truck with any absolute or insurmountable or uncircumventable sort of uncertainty - or not, at any rate, about the present condition of the world.  There is, of course, a famous problem in quantum mechanics about predicting the future; but that - on the GRW theory - has entirely to do with the stochasticity of the fundamental dynamical laws, and nothing at all to do with any principled obstacle to our having as precise and exhaustive a knowledge as we like about the physical situation of the world now.
	And here too, it’s the conditionalization on the past-hypothesis that makes knowledge of the external world possible.  Only more so:
	For any time T, and for any two sub-systems of the universe A and B, a classical Boltzmannian statistical mechanics with the past-hypothesis removed makes knowledge of the external world impossible because it gives us completely independent probability-distributions, it gives us completely factorizable probability-distributions, over the possible physical situations of A and B - and a GRW Boltzmannian statistical mechanics with the past-hypothesis removed makes knowledge of the external world impossible because it gives us no probability-distributions whatsoever over the possible physical situations of A and B.  But in both cases, adding a stipulation about the initial macrostate of the universe can immediately generate vast libraries of probabilistic correlations between the physical situations of distinct sub-systems of the world, and in both cases there seems to be no principled limit on how precise and how detailed those correlations can eventually become.
							*
	There is a small but conceptually important difference between the classical version of this story and it’s GRW version – however - with regard to questions of exactly what it is we are talking about when we talk about the ‘physical situation’, at some particular time T, of some particular physical sub-system of the world.  
	In Newtonian Mechanics, every physical sub-system of the universe invariably has a perfectly determinate Newtonian state in precisely the same sense as the universe as a whole does – in Newtonian mechanics (that is) every physical subsystem of the universe, including the universe as a whole, invariably occupies a single perfectly determinate point in its respective phase space – and (moreover) the state of the universe as a whole is in a very direct and transparent sense nothing more or less that the conjunction of the states of every one of it’s elementary physical parts.  
	But in the GRW theory – and in quantum mechanics generally – things are different.  Quantum theories (in particular) allow for entanglement.  And so, although the universe as a whole will invariably have a single perfectly determinate quantum state on these theories, proper physical subsystems of the universe generally will not.  All that a theory like GRW is going to have to offer us, by way of a compendium of the physical properties and behavioral dispositions of any particular physical sub-system of the world, in and of itself, at any particular time T, is the system’s reduced density matrix at T.  But that should be enough.  The reduced density matrix of a measuring-device (for example) will contain all the facts there are about where the pointer on that device is pointing.  And the reduced density matrix of a book will contain all the facts there are about what the book says.  And the reduced density matrix of the brain of a sentient observer will contain whatever neurological facts are relevant to questions of what that observer thinks.  And so the structure of possible correlations among the reduced density matrices of distinct physical systems would seem to have exactly the same sort of relationship to questions of what can be known in the GRW theory as the structure of possible correlations among the complete physical situations of distinct physical systems has to those questions in the Newtonian case.


	3) BOHM

	According to Bohmian Mechanics, the time-evolution of the complete physical situation of the world is thoroughly deterministic.  Given the wave-function and the particulate configuration of the world - or of any isolated and un-entangled sub-system of the world Un-entangled (that is) with anything external to itself.  The various components of the sub-system in question here can of course be as entangled with one another as you like! - at any particular time, the wave-function and the particulate configuration of that system at any later time can in principle be deduced, with certainty, from the Schrodinger equation and the Bohmian guidance condition.
	And so, if Bohmian Mechanics is to end up imposing the same constraints on what we can predict about the outcomes of future experiments as the standard formulations of quantum mechanics do, then it can certainly have no truck with anything like a covenant of openness.  If Bohmian Mechanics is to end up imposing the same constraints on what we can predict about the outcomes of future experiments as the standard formulations of quantum mechanics do, then it must somehow arrange to keep things from us, absolutely and uncircumventably, about the physical situation of the world at present. 
	The laws of Boltzmannian Bohmian-Mechanical universes consist of the Schrodinger equation, and of the Bohmian guidance-condition, and of a hypothesis about the initial macrostate of the universe, and of a probability-distribution - or (rather) a pair of probability-distributions - over the exact mocrostates compatible with that macrostate.  And these last items will be worth describing is a bit more detail.  The past-hypothesis is to be understood here - just as it was in the GRW theory, and just as it is in quantum-mechanical versions of statistical mechanics generally - as a hypothesis about the initial wave-function of the universe - it is to be understood (more particularly) as a stipulation to the effect that the initial wave-function of the universe is a member of a certain convex simply-connected set.  And the two probability-distributions mentioned above consist of a probability-distribution over the wave-functions in that set (which is given by the usual quantum-mechanical generalization of the classical Boltzmannian distribution that we worked with above) and a probability-distribution over particulate configurations conditional on the wave-function (which is given by the Bohmain quantum equilibrium condition).
	The possibility of knowledge of the external world depends crucially here (just as it did in Classical Mechanics and in the GRW theory) on the hypothesis about the initial macrocondition of the universe - if that hypothesis is removed from the theory, then the resulting probability-distribution over all of the exact microscopic physical conditions of the world at all times will contain no correlations whatsoever among the physical conditions of different sub-systems of the universe at the same time, and nothing at all can be inferred from the present physical condition of any system S about the present physical condition of any system other than S.
	Moreover (just as in the previous cases) adding a stipulation about the initial macrocondition of the universe can immediately generate vast libraries of such correlations – but in this case there are going to be stark and principled limits on how detailed and how accurate those correlations can ever become.  And thereby (as they say) hangs a tale.
	The best discussion we have of how these limits arise is the one in Quantum Equilibrium and the Origins of Absolute Uncertainty by Shelly Goldstein, Detleff Durr and Nino Zanghi.
	Goldstein and his collaborators famously define something they call the conditional wave-function, at any time T, of any subsystem X of the world, as: 
					ψ(x) = Ψ(x,Y),					(1)
where Y is the compliment of X, and x and y vary over all of the geometrically possible configurations of X and Y, and Ψ(x,y) is the wave-function of the universe at T, and Y is the actual configuration of Y at T.  And note that if Ψ(x,y) takes the form:
					Ψ(x,y) = χ(x)φ(y) + Ψ┴(x,y),				(2)
and if φ(y) and Ψ┴(x,y) have robustly and macroscopically disjoint y-supports, and if Y is located within the region that supports φ, then, for as long as the above-mentioned conditions persist, the motion of X through its configuration-space will be determined, in its entirety, by it’s conditional wave-function χ(x).  Under these circumstances, the conditional wave-function of X is referred to as X’s effective wave-function – and a little reflection will show that whenever a system has a determinate wave-function on orthodox formulations of quantum mechanics, it has an effective wave-function, and (moreover) it has precisely the same effective wave-function, on Bohmian mechanics. Reflections of this kind are rehearsed, for example, on pages … of my Quantum Mechanics and Experience.   
	And the main result of the Quantum Equilibrium paper – translated into the sort of language we have been using here - is a proof that for any choice whatsoever of the initial macrocondition of the universe – where a macrodondition is understood, again, as a set of wave-functions - the result of conditionalizing on the reduced density-matrix and the particulate configuration of any sub-system S of the universe at any time T will invariably take the form of a probability-distribution over a set of ordered pairs of the form (φ,ρφ), where φ ranges over all of the possible conditional wave-functions of the compliment of S – call that CS - and ρφ is the Bohmian equilibrium probability-distribution over the possible particulate configurations of CS which is associated with φ.
	Look at what this result has to say about even the most favorable epistemic circumstances that can be imagined - look at what this result has to say (that is) about models of Bohmain mechanics for which the past-hypothesis takes the form of a specification of the exact microscopic initial wave-function of the universe:  In worlds like that, the fundamental laws of physics in and of themselves (that is: the past-hypothesis, and the statistical postulate, and the microscopic equations of motion) are going to detirmine the exact microscopic wave-function of the universe at present, together with a unique probability-distribution – the usual Bohmian equilibrium distribution – over the possible exact microscopic particulate configurations of the universe at present.  And what Goldstein and Durr and Zanghi have shown is that even in worlds like these, conditionalizing on the exact particulate configuration of any system S is going to leave CS in some conditional wave-function χ, and it is going to leave the particulate configuration of CS exactly as uncertain as the outcome of an upcoming measurement of such a configuration would be – on traditional formulations of Quantum Mechanics – if the actual wave-function of the system about to be measured were χ!
	And this very understandably seems to Goldstein and his collaborators to amount to as much as one could imaginably want by way of a demonstration that Bohmian Mechanics does indeed end up imposing precisely the same constraints on what we can predict about the outcomes of future experiments as the standard formulations of quantum mechanics do.  All there is to the world, after all, on Bohmain Mechanics, is it’s wave-function and it’s configuration.  And so the thought is that there can simply be no place to look for whatever it might be that S knows about CS other than in the exact wave-function of the world together with the exact particulate configuration of S herself.  The thought is that whatever cannot be inferred from the exact wave-function of the world together with the exact particulate configuration of S cannot imaginably be among the things of which S has any knowledge.  Goldstein and his collaborators put it like this: “Whatever we may reasonably mean by knowledge, information, or certainty – and what precisely these do mean is not at all an easy question – it simply must be the case that the experimenters, their measuring devices, their records, and whatever other factors may form the basis for, or representation of, what could conceivably be regarded as knowledge of, or information concerning, the systems under investigation, must be a part of or grounded in the environment of these systems.”  And this has the ring, to be sure, of something unassailable.    
	But it isn’t.  Imagine (for example) that the world consisted of S and some potential object of S’s knowledge called O.  And suppose that S were to carry out a measurement of some observable V of O, with eigenstates [1>O and [2>O, at the end of which the state of the world is:
		(1/√2)([Believes that 1>S[1>O) + (1/√2)([Believes that 2>S[2>O).		(3)
And suppose that the wave-functions associated with [1>O and [2>O have macrscopically disjoint supports in the configuration-space of O, but that [Believes that 1>S and [Believes that 2>S differ from one another only in terms of (say) the values of some spins.  And suppose that O happens to be located within the region of its configuration-space that supports the wave-function associated with [1>O.
	In that case, S is going to have a robust and well-defined effective wave-function – the wave-function associated with the state [Believes that 1>S - at the conclusion of the measurement described above.  And it seems at least worth entertaining, under these circumstances, and given the sort of work that effective wave-functions are supposed to be doing in the Bohmain solution to the measurement problem, that S in fact has the belief that A.  But note (and this is the punch like) that no such belief is going to be picked out by the exact wave-function of the universe together with the configuration of S.  What it is that S believes under these circumstances – if she believes anything – is going to depend (rather) on the configuration of O!  And if it is suggested that (as a matter of fact) there isn’t anything that S believes under these circumstances, one is going to want to know why.  If it is suggested that having a robust and well-defined effective wave-function corresponding to the belief that A does not (in fact) suffice for believing that A, one is going to want to know what does.  And unless and until all this is satisfactorily cleared up, the account of the origin of absolute uncertainty proposed by Goldstein and Durr and Zanghi can apparently not succeed.  
	Indeed, Goldstein and his collaborators themselves have an inkling, in a footnote, of a worry like this.  Here’s what they say:
	The reader concerned that we have overlooked the possibility that information may sometimes be grounded in non-configurational features of the environment, for example in velocity patterns, should consider the following:
	 Knowledge and information are, in fact, almost always, if not always, configurationally grounded.  Examples are hardly necessary here, but we mention one – synaptic connections in the brain.

 Dynamically relevant differences between environments, e.g. velocity differences, which are not instantaneously correlated with configurational differences quickly generate them anyway.  And we need not be concerned with differences which are not dynamically relevant!
 Knowledge and information must be communicable if they are to be of any social relevance; their content must be stable under communication.  But communication typically produces configurational representations, e.g., pressure patterns in sound waves.
 In any case, in view of the effective product form of (5. 17), when a system has an effective wave-function, the configuration Y provides an exhaustive description of the state of its environment (aside from the universal wave-function Ψ – and through it Φ – which for convenience of exposition we are regarding as given – see also footnotes 27 and 31).
And this is worth pausing over, and learning from.  (1), to begin with, is simply beside the point.  Even if it should happen to be true, as things stand in the actual history of the world at present, that “knowledge and information are, in fact, almost always, if not always, configurationally grounded”, it is surely not true as a matter of any kind of fundamental physical principle.  And it is (of course) principled limitations on our knowledge of the world – as opposed to limitations of time or money or raw materials or technological know-how – that concern us here.  And (2) and (3) – with their talk of what communication “typically” produces, or of what dynamically relevant differences must “quickly” generate – are in much the same boat.  And (4) feels something like a temper tantrum, or like a proclamation, to the effect that (whatever the shortcomings of the previous three points) there is simply not allowed to be a problem like this, because (after all) the wave-function of the world, together with the exact particulate configuration of S, amounts to “an exhaustive description of the state” of S!
	But there is one, and (as a matter of fact) the problem has precisely to do with the absence – in Bohmain Mechanics – of anything fit to be called “an exhaustive description of the state” of an arbitrary sub-system of the world.  The problem is that there is just not any set of facts in Bohmain Mechanics – as there was in the classical case – which pertain exclusively and unambiguously to the physical situation of S herself, and which jointly suffice, under every physically possible circumstance, to determine S’s behavioral dispositions, and her propositional attitudes, and the outcomes of measurements that we might imagine performing on her, and so on.  The idea of such a description was already perceptibly beginning to teeter – you will remember – in the context of the GRW theory, and at this point, under the pressure of the particularly stark and concrete variety of quantum-mechanical non-locality that comes with Bohmian Mechanics, it has plainly unraveled altogether.  
								*
	We are going to need to find a way of getting on with our business, then, without such ideas.
	And what seems to me to need doing, in that respect, is not to insist that information must always be encoded in the configurations of material bodies (which just isn’t true), but merely to observe that information can always be encoded in the configurations of material bodies (which very straightforwardly is).  Shelly Goldstein and Nino Zanghi have brought it to my attention that there is a footnote early on in Quantum Equilibrium and the Origin of Absolute Uncertainty which makes a point very much – on the face of it - like the one I am making here.  The footnote reads, in part “This argument appears to leave open the possibility of disagreement when the outcome of the measurement is not configurationally grounded…However, the reader should recall…that the results of measurements must always be at least potentially grounded configurationally.”  The trouble is that the authors seem not to have had any idea how right they were.  The point gets made - and then, somehow, abruptly, lost track of.  It is never explored or elaborated or put to work or even so much as alluded to again – and (what’s worse) it gets more or less flatly contradicted by the later and lengthier and much more central passages I quoted in the text.  
	Here (for example) is an argument: Call the reduced density-matrix of any sub-system of the world, together with the exact particulate configuration of that sub-system, the pseudo-state of that sub-system.  And take note of the straightforward empirical fact of our experience – a fact which an appropriately formulated Boltzmannain Bohmian Mechanics of the world must presumably endorse – that our beliefs can always be encoded, in principle, if we wish, in (say) spatial configurations of golf-balls.  That fact is going to entail, among other things, that whatever correlations can be generated between the value of V and my beliefs about the value of V can always in principle be parlayed – by means of the fundamental dynamical laws of Bohmian Mechanics – into correlations between the value of V and spatial configurations of golf-balls.  That fact is going to entail (to put it slightly differently) that whatever can be known about the value of V by an agent in the environment of O can always in principle be encoded in the spatial configurations of golf-balls in the environment of O.  And what is encoded in the spatial arrangements of golf-balls in the environment of O – unlike (say) what is encoded in the values of spins in the environment of O – can, invariably, be read off of the pseudo-state of the environment of O.  And we have a straightforward mathematical proof from Goldstein and Durr and Zanghi (remember) that no more information about the value of V can ever be encoded in the pseudo-state of the environment of O – by hook or by crook – than can be inferred from the conditional wave-function of O together with the standard Bohmian Equilibrium probability-distribution over the possible particulate configurations of O which is associated with that conditional-wave-function.  We have a straightforward mathematical proof from Goldstein and Durr and Zanghi (to put it slightly differently) that no more information about the outcome of any upcoming measurement of value of V can ever be encoded in the pseudo-state of the environment of O – by hook or by crook – than what is allowed us by traditional formulations of quantum mechanics.    And what all of this finally makes necessary is that notwithstanding the perfect determinism of Bohmian Mechanics, and whatever particular form the past-hypothesis might happen to take, no agent in the environment of O can ever have more detailed knowledge of the outcomes of upcoming measurements of the value of V than is allowed her by the traditional formulations of quantum mechanics.  Period.  Problem solved.  End of story.
	Goldstein and his collaborators got this particular matter wrong, then, but only by a smidgen.  Their mathematical theorem turns out to do precisely the work they thought it would, but in a slightly different way, by a slightly more circuitous route, than they expected.




Footnotes


