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I1. Restrictive character of the entire system of Bell's

and unfalcifiability of the EPR standpoint

Abstract : It is demonstrated that all the assump—
tions in Bell's argument are restrictive from the viewpoint of
its possible interpretation as a "no-go~theorem” for local de-
terministic hidden parameters (HPs) theories. The discussion
contains general implications that apply not only to Bell's
argument but to any other "no-go-argument” too and indicate
the essential irrefutability of the EPR standpoint. Examples
from statistical physics are employed as illustrations for
existing possibilities that have been neglected in "no-go-ar-
guments” and, in particular, for evincing certain andalogies
with the de Broglie-Lochak way of reasoning on the effect of
measurement on HP distributions. The basic point is that in a
hierarchy of HP levels of description of reality (correspon-
ding to a possible infinite complexity of matter structures
and properties) there may not exist final, "universal proba-
bility patterns. A quantum mechanical paradox of a somewhat
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unusual nature is considered. Due attention is paid to the po~
tential usefulness of HP reasoning (and ~in q eorrect setting-
of "no-go" reasoning too) in microphysics.

Résumé : On montre que toutes les h

ypothéses qui
sont 4 la base du raisonnement de Bell sont res

trictives du

générales qui s'appliquent non seulement au rat
Bell mais aussi d tout autre ratsonnement d'
séquences qui aboutissent encope au caractér
irréfutable du point de vye d'EPR. On donne
physique statistique afin d'illustrer des po
tantes qui ont &té négligées dans les ratsonnements d'interdic-
tion et, en particulier, pour &liminer certaines analogies

avee la maniére de raisomner de de Broglie-Lochak 4 propos de
l'effet de la mesure sur les distributions de paramétres ca-
chés. Le point essentiel est que, dans une hiérarchie de ni-
veaux de paramétres cachés déerivant la réalité (correspondant
d une éventuelle complexité infinie de structures et de pro-
priétés de la matiere), il peut ne bas exister de schéma pro-
babiliste ultime, "universel", On considére un paradoxe de
méeanique quantique de nature un peu inhabituelle. On préte
l'attention requise 4 1'utilitéd potentielle du mode de raison-
nement A paramétres cachds (et des raisonmements d'interdiction

-d condition de les employer de maniére convenable=) en micro-
physique.

sonnement de
interdiction, con~

des exemples de
$81bilitds exis~

I. THE RESTRICTIVE CHARACTER OF BELL'S AXIOM (i)

It was shown in Part I (') of the present paper
that Bell's axioms (ii) and (iii) (as formulated in (') are
restrictive, which fact rules out a "no-go-theorem" interpre~
tation of Bell's argument for deterministic local HPs. Interes-
ting enough, even the apparently most natural axiom (i) (&)
turns out to be restrictive. We shall show here why and shall
discuss a possible consequence of this.

Axiom (i) postulates the requirement that a hypo-
thetical deterministic local HP theory underlying quantum me-

chanics must employ HPs a giving a complete state specification
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important point here is that due to the unknown way (at level
n) in which the {A(n + 1)} -classes are composed and evolve

with time at level n + 1 the way in which one would "count"
the states A(n) in order to construct an HP pdd p[A(n)] at

" level n may be grossly incorrect, or incomplete, or inadequa-

te for at least a part of the n-level quantities from an
(n + 1)- level point of view.

In order to make this statement clearer we shall
employ )

An illustrative thermodynamical example

Consider a fixed quantity (say N molecules) of a
given gas. At the thermodynamical level of description the gas
is visualized as a continuous medium the state of which is de-
termined by an arbitrary couple of independent thermodynamical

internal energy U, all the other variables being expressible,
in principle, as functions of the members of th
For instance, if one chooses to work with the couple of varia-
bles U,V one may determine, say, the entropy S of the relevant

(equilibrium) thermodynamical state with the help of the "ca-
loric" equation

(1) S = S(U,vV)

derivable from experimental data at the phenomenological level.

(Other -in principle known- equations of the kind of (1) are
P=P(U,V), T=T(U,V), etc.).
Assume that our gas is enclosed in an adiabatic _
impenetrable volume V, that is, the gas cannot leak out of the
volume and, besides, no heat can be imparted to it through the
walls surrounding the volume. An "instantaneous" increase of
the volume from an initial value V, to a value V, >V, (which
ensures constancy of U, i.e. U =U,) will lead eventually, as
well known, to a new equilibrium thermodynamical state the en-
tropy S; = S(U,V,) of which is larger than that of the initial
state : §; = S(U,V,) < S,. From the viewpoint of probabilities
we have here (that is, in phenomenological thermodynamics) an

e chosen couple.
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bers we obviously get under the above conditions
(4) P1Vin 1 = PV o (=1),

s0 that

(5) 8s = Sun -anloa/o) = —anlopvy (/ouvy o) =—anpy), > 0,

where p1|2 = vph,l/vph,Z is the probability to find an 1nd1v1— 

dual state (p,q) in vph  &iven an admissible phase volume
>

Voh,2 of .variation of (p,q) (at V, < V, we certainly have
s

vph,l/vph,z < 1). We thus have here a physical magnitude (the

entropy increase AS = S, - S;) the value of which is determi-
ned just by the above conditional probability Pyl which is

undefinable in phenomenological thermodynamics. The same ap-

plies to other magnitudes, say Tgl - TII = gﬁ(sz - 8,) (as

-1
T," = BS(U,Vi)/aU).

In such a way statistical thermodynamics explains

both why one would (incorrectly from the viewpoint of entropy~f

increase explanation) assign the same statistical weights in
phenomenological thermodynamics to the initial state of the
system (in V,) and to the final state (in V,) and why entropy
actually increases : The former is explained by the fact that
a given number of microstates (perceived as the same macrosta-
te in phenomenological thermodynamics), all in a configuration
volume V, due to specific initial conditions, evolve into the
same number of states in a volume V, > V,. The latter is ex-
plained by the fact that, in a V,-microcanonical ensemble, it
is less probable that a given physical system would be found
in a V,-state than in a V,-state, so that we have now quite a
different criterion for evaluation of statistical weights
that gives entropy variation. In other words, phenomenological
thermodynamics can describe "deterministically" the variation
of entropy (and other magnitudes) but cannot explain the inti-
mate mechanism neither directly nor through its inadequate
"phenomenological probabilities". The said mechanism is ex-
plained by statistical thermodynamics through imbedding rele-

279

yvant conditional probabilities into the apparently un%qge‘and
ndeterministic" phenomenological states, which probabilities
give account of the fact that a seeming entity gc?uélly con-
sists of N different entities, the microscopic 1n1t1a} condi-
tions for which encompass only a part of all th§,p0331ble,sta—
tes in given physical conditions (in our case -in a volume

v, > V).

The above example, employed just for Zllustrative

‘purposes, clearly shows at the same time that Bell's argument

disregards the following possibility. In an infinite series. of
HP levels of description of Nature one may

(a) be able to find, at a certain level n, local HPs A(n) that

describe uniquely the evolution of a given system (that is, the

siti s A . and. give a deterministic

transition Aeyinitial ~ (n)flnal) g . .

picture of the variation of, say, its magnetic properties ;

(b) be totally unable to determine correctly at n adequate )

A( )—dependent probabilities.that may ;give account of certain
n 5

numbers, e.g. experimentally observable correlations, etc (by
analogy with the above example such correlatiops.may.be obtai-
nable, e.g., from certain conditional probabilities imbedded
into seemingly unique n-level states).

We thus see that the problem of the construction
of a local deterministic HP theory at any level n of descrip-
tion of Nature may consist of two separate problems :

(a') The basic problem of finding the HPs .that would describe
the behaviour of an individual physical system s from an n~th7
level-of-complexity viewpoint. (EPR have in mind precisely this
problem in their famous argument).

(b') The (quite different) problem of finding the.n—level'HP
probabilities and the correct way of their employing.

The latter consequence of our consideration means
that a straightforward use of formulae of the kind, say,

(6) P(a,b) = [ %y 1AL, A gy IBID, 2y 1Ay
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for the determination of two-particle correlations P(a,b) (cf.
(')) with the help of a parameter-independent normalizable
pdd e at level n would, generally, be naive even when such a

p would seem to be derivable from certain experimental facts
at level n : This may correspond, as stressed above, to an in-
correct or inadequate way (from an(n + k)-viewpoint, k =1,2,
...) of assessing at level n other relevant probabilities
(e.g. the ones determining the magnetic properties). One would
then face the task of contriving a system of axioms at some
level n + k, k = 1,2,..., that would guarantee correct numeri-
cal results for the stochastic quantities in question. The ac-
tual construction of the said system of axioms will entail,
for the particular case examined, the replacing of eqn. (6)
with an equation of the kind

(7) P(a,b) = f A[a:k(n 4 k)]B[b;k(n + k)]Da,bx(n + k)’

where the "differential" Da,bl(n +‘k) is an abstract symbol

for the way in which the statistical axioms may work in our
case (recall that, say, pertinent parameter-dependent condi-
tional probabilities may underlie any given A(n))' Its parame-

ter-dependence will not, generally, be connected with the in-
troduction of any nonlocality : in the local variables w', w"
of Part I (') (now at level n + k) eqn.(7) may acquire the form

‘8) P(a,b) = Ir[a,b;w'(n + k)Y (n 4 k)]C[w’(n + k)]C[w"(n + k)]

dw'(n + k)dw"(n + k)

where, as pointed out in (!), locality is ensured by the inde-
pendence of the displays C[w'(n . k)],C[w"(n . k)] of the mea- -

suring instruments M', M" of the parameters a,b, the parameter-
dependence of r having no relevance to the problem of locality
(or its absence) and being, generally, essential, i.e. viola-
ting Bell's inequalities. Such r's may possibly appear due to
reasons discussed in Sections 6 - 8 of (') or reasons that are
nonobvious at present. In any case, the irrefutability of the
EPR basic standpoint would be a consequence of the fact that in
an infinite HP-level hierarchy there are in principle no uni-
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versally valid ultimate probability patterns aﬁd any next HP
level may radically change the concept of<pertznent.probabz—
lities, so that one would have at a given level n either an
EPR description of reality in combination with correct prqba—
bilities or unfaleifiable potentialities for such a descrip-
tion (if -this was not the case at n) at the next HP levels.

2. THE DE BROGLIE-LOCHAK ARGUMENT REVISITED

The natural possibility of employing at a given
level n parameter-dependent pdd's in formulae of thg kind of
(8), etc, has already found its realization in physics : Once
again, this is the case of statistical thermodynamics which is
the "HP theory" of phenomenological thermodynamics, so we shall
return here to the above analogy. Indeed we mentioned above
that in a scheme containing an infinite series of HP lev?ls the
general consideration in the present paper applies mutatis mu-
tandis to the arguments discussed in Sections 6 - 8 of (!). It
would be useful to examine here the case of the de Broglie-
Lochak way of reasoning (*,") from the viewpoint of tbe sgid
scheme due to the close similarity of this argumentation in
the case of interest with the familiar statistico-thermodyna-
mical reasoning and obtain certain specific motives for asser-
ting the fundamental nature of formula (8) and the like.

As well known, the pdd's p(p,q,t) employed in sta-
tistical thermodynamics depend on certain parameters too th§t
take into consideration, in particular, the macroscopic envi-
ronment of the N-particle mechanical system. For instance, a
classical N-particle system s in a volume V and in an equili-
brium contact with a thermostat obeys a pdd (2)

(9) DN’V,T(P:Q) = Q_I(N:V)T)exp[‘H(p)q)/kBT)]’

where H is the Hamiltonian, kB ~the Boltzman constant, and Q-

the partition function. At fixed N and V the basic p—determ?—
ning parameter is T and the mechanical states (p,q), belonglng
.to one and the same set of possible values, will be assigned
‘different statistical weights p(p,q) depending on the values

of T. A given T, at that, corresponds to a macroscopic environ-
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ment of s that is incompatible with the one corresponding to
any T' # T (a thermostat, by its very definition, may have on-
ly a fixed temperature), so that the different op in statisti-

-cal thermodynamics correspond to physically incompatible expe—
rimental situations.

The type of the parameter-dependence of the above
p's is easily undestandable, in principle, in the picture con-
taining a series of HP levels. Indeed at any level n of des-
cription of Nature one must, generally, take into considera-
tion too the properties of physical environments in a given
experiment and this applies to relevant p's as well. However,
at level n, we do not have at our disposal concepts that may
be more fundamental than A(n)’ A(n - 1)’ etc, so that environ-

ment in particular can be described using variables at the gi-
ven level n or the preceding more "crude" levels n - 1, n - 2,
etc. In the particular case examined (N,V fixed) the postula-
tes of statistical thermodynamics involve environment descrip-
tion at the more crude level of phenomenological thermodyna-
mics. (A variable N will give a "finer" parameter of p at the
next level -statistical thermodynamics).

One may easily notice the close analogy between
the above well known facts and de Broglie's ideology (*,*)
concerning the interpretation of quantum mechanics. According
to this interpretational approach one must bear in mind the
possible difference between present, predicted, and hidden HP
probabilities since quantum mechanical probabilites may in
principle be explained with the help of predicted HP probabi-
lities that are evinced in the actual process of measurement,
which may possibly radically transform the initial hidden HP
distribution. For Bell's experimerital situation the just said
means that observable HP distributions appear after the in-
teraction of subsystems S' and S" with the "magnetostats"
(measuring instruments) M' and M". In total analogy with sta-
tistical thermodynamics these measured distributions P will,

generally, depend on the con¢rete couple (a,b) of orientations
of the "magnetostats" M' and M", the different couples (a,b)
corresponding to physically incompatible experimental situa-
tions. (That is, the orientations (a,b) in mutually incompati-
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ble correlation experiments play in principle the same role
as, say, the temperature T of incompatible thermostats des-
pite the physical difference of the specific mechanisms). As
pointed out in ('), Section 6, these o (a,b;w&,w&) (subs~

cript m denoting here quantities taken after the "analysing
stage" of the measurement process) may coexist with both lo-
cality and determinism. The only difference between the said
case and the one containing a hierarchy of HP theories is
that in the latter case we have additional degrees of free-
dom. Namely, it is not obligatory to find ‘an explanation of
the way in which hidden probabilities are transformed into
predicted ones at the same HP level n at which one would ob-
tain for the first time the possibility to give a determinis-
tic picture of the evolution of an individual HP state
x(n)initial into a state A(n)final’ giving account of the ma-
gnetic properties of the particle. In other words, the correct
explanation of pdd transformations may be "additionally hid-
den" into the higher levels n-+'1, n + 2,... of a possibly
infinite HP hierarchy. ‘ ‘

In such a way a concrete physical idea (3,*) (en-
vironment influence) has a natural counterpart in physics in
terms of employing parameter—dependent distributions in egqns.
of the kind of (8) in (classical) statistical thermodynamics
(in which the relevant "generalized differential® has the ca-
nonical form DN,V,TX(plq) = pN,V)T(p,q)dpdq ~cf. eqn. (9)).

The discussion in (') and the present paper provides an addi-
tional justification and enlarges the possibilities of the
idea (from the viewpoint of HP hierarchies) by detaching the
basic problem of HP definition and evolution from the one of
HP statistical properties.

The considerations in the present two-part arti-
cle contain a number of quite general philosophical implica-
tions which will be discussed below.

+ 3. PHILOSOPHICAL IMPLICATIONS

The content of this paper is in harmony with a
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philosophical credo of many (shared by the present writer

too). Somewhat vaguely this credo may be formulated as follows:

Any fundamental philosophical standpoint is irrefutable.

Bufgwhat does "fundamental philosophy" really
mean 7 iy

I shall propose a personal working definition.
Namely, a fundamental philosophical outlook of Nature is a
most general doctrine about the essence of physical laws, that
is, an outlook on the nature of the world we live in that does
not rest on concrete specific assumptions.

For instance, a fundamental outlook from the above
viewpoint is the concept of indeterminism as the essence of
physical laws. The opposite -also fundamental- concept is that
a (local) deterministic description of physical phenomena is
alwiys possible. (Such, to my understanding, is the EPR the-
sis).

A consequence of our postulate is that one may
accept as a personal outlook any one of the above incompati-
ble concepts (or a certain negation or combination of both)
but any attempt at invalidating the alternative basic con-
cepts would ultimately be futile.

Once again from our point of view the Copenhagen
doctrine on the interpretation of quantum mechanics does not
represent a basic philosophical concept : Besides the concept
of fundamental indeterminism, it contains the concrete assump-
tion (treated there as a fact) that time-position and energy-
momentum variables are mutually exclusive quantities in the
quantum world. We shall demonstrate in a future work (by exa-
mining concrete quantum wave functions) that what we have here
is not, generally, a fact but just an allegation.

The discussion in the end of Section 1 offers a
definite "mechanism" for the irrefutability of the EPR basic
viewpoint (non-final nature of any HP probability pattern in
an infinite HP-level hierarchy). Consequently, there exist,
in principle, possibilities for its realization in physical
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The problem is to actually construct pertinent de-

theories. s .
terministic HP theories explaining experimental facts. The

i i d in the way should
tural impediments that would be encountered in t :
. E:t be treated as giving evidence of the 1nva11d}ty of the.EPR
philosophy It is well known that the construction of ba31¢
physical theories is an extremely difficult task in any case.

We havewitnessed the failure of all the proposed
npo-go-theorems" to convince the physical commun%ty as a who-
le in the impossibility of HP theories. There exist quite
clear-cut reasons for this. Namely :

(A) The natural order of things and the actual goals of phy-
sical theories are totally neglected by the authors of such
writings. ;

Indeed a given nontrivial physical theory, aiming
at the explanation of a set of experimental facts, only inex-
plicitly rests on the philosophical standpoint of its crgators.
The validity of the theory is assessed with the view of its
agreement or disagreement with experiment and the refu?atlon
of a theory is in fact a refutation of a given theoretical mo-
del and not a given philosophy. Really, a philosophical atti-
tude is not a physical magnitude, it has no numbers attached
to it and the refutation (or confirming) of certain predicted
numbers in the course of experiments cannot invalidate (or
confirm) a philosophical standpoint which transcends physical
theories. The same applies to the attempts of a theoretical.
invalidation of a philosophical viewpoint since the theore?l-
cal "no-go-arguments" are either of a physical or mathemati-
cal nature (or a combination of these), so that the concept
which they try to attack invariably remains beyond their rgach,
or of a philosophical nature -but (ef. also (1)) philosopblcal
aternatives rest on mutually exclusive logics and can be just
shared or not (which certainly has nothing to do with any "re-
futation"). :

(B) The very assumptions (which at a given moment seem to their
authors to be the most general and natural requirements for
every possible physical theory) on which a "no—go—argument?
rests invariably turn out to be restrictive or just unconvin-
cing to a number of people.
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For instance, Bell himself found unconvincing (%)
all the "no-go-theorems" preceding his own one and this should
have been a serious warning for him about the destiny of any
argument of this sort. But he proposed a "no-go-theorem" of
his own -which may be regarded as a typical example of the
restrictive nature of all such arguments.

How can the author of a "no-go-argument" convince
the Physical community that he has indeed proved a theorem
resting on most general, universally valid assumptions and
invalidating a basic philosophical concept ? In these argu-
ments we have in fact the "word of honour" of their authors
that their assumptions are certainly (and "evidently") the
most general possible ones. It would be relevant to point out
here that a different field of science -mathematics— has wit-
nessgd the fiasco of numerous "universally valid" ideas con-
cernlng‘the nature of mathematics and its possible relation
to physics, even when their proponents were people as Hamilton
Hllbe?t, and others of that calibre. Highly instructive facts ’
of this kind may be found in an excellent book by M. Kline (¢)
and one must really remember his warning (end of ch. IV) that
one should be most careful precisely when one is quite certain
about the validity of a given "truth" since not only the achie-
vements of science but the limitations of one's own way of
thinking too may underlie one's certitude. ‘

There are thus no reasons to regard any "no-go-
argumen?" as a kind of a theorem determining the future course
of physics : These arguments rest on unproved assumptions which
cannot ?e proved, at that, without contriving other unproved
assumptlions, etc, etc. There exists just one sense in which
§pch arguments can be useful. Namely, they have to be regarded
in fact as warning arguments, showing what specific assu;ptions
in HP theories have little chances for success in describing -
Nature. E

.Speaking about the possible usefulness of "no-go-
arguments" in physics, we cannot circumvent too the question
of the usefglness of HP reasoning in physics. As pointed out
by Lochak ("), it was precisely de Broglie and his school that
gave birth of the idea (quite fashionable novadays) of the im-
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portance of nonlinear effects and equations in quantum mecha-
nics. In such a way different approaches (e.g. to nonlineari-
ty) may serve the same goal and attemps at invalidating any
one of them on the basis of "general" allegations is, at:
least, senseless. There is, however, another example in favour
of the same idea and its consideration leads to

A quantum mechanical paradox of a strange kind

As well known, the Copenhagen doctrine about the
nature of microphenomena is based on the idea of the existence
of unpredictable and uncontrollable effects of the (inevitably
classical) measuring apparatus on physical phenomena in the
microworld. This idea rests on the concept of the equal order
of magnitude of the physical effect itself and the influence
of ‘the measuring instrument on it {(cf. e.g. the well known
treatise by von Neumann), and Heisenberg's uncertainty rela-
tions are treated as its mathematical expression. More preci-
sely, ‘these relations are visualized as the consequence of the
instantaneous exchange of uncontrollable, always finite, indi-
visible quanta between the concrete physical system and the
experimental set-up measuring it, the unpredictable perturba-
tions affecting either the time-position or the energy-momen-
tum characteristics of the said system. The Copenhagen doctri-
ne thus has two immediate consequences

(1) A physical microsystem may be described in two mutually
exclusive ways -either in terms of time-position variables or
in terms of energy-momentum variables.

(2) There does exist a finite limit of divisibility of matter
that is determined in a natural fashion by the existence of
uncontrollable finite quanta in the process of measurement.

The presence of such a limit is interpreted as an important
philosophical asset of quantum mechanics (7) (in fact, of its
Copenhagen interpretation, but this interpretation was "auto-
matically" identified with quantum mechanics itself and the
critiques against the said interpretation -as critiques against
the content of quantum mechanics). In such a way quantum mecha-
nics was perceived as the theory of the smallest possible mat-
ter entities (electrons, protons, photons) that must be des-
cribed only in the simple terms of energy-momentum, or of the
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alternative time-position variables.

The description of the mentioned "entities", ho-
wever, did not turn out to be that simple and, as well knowm,
hadrons were endowed with a quark-gluonic structure intended
to give account of their quite complex inner properties. From
the viewpoint of the original Copenhagen philosophy this more
detailed picture represents in fact an HP theory, at that an
HP theory of the "worst" kind, namely, containing HPs that are
directly unobservable in principle. Indeed the basic point in
the mentioned theory is the employing of ‘the quark concept for
the explanation of certain properties of hadrons (e.g. scatte-
ring cross-sections) and, at the same time, the contriving of
an adequate "confinement ‘mechanism" that might explain why
free quarks are not observed in Nature. (In other words, the-
re exists only indirect evidence about "quark HPs" of hadrons),

In such a way, in the presence of a pressing ne-
Cessity, the implications of the Copenhagen tenet were quietly
put "under the carpet" and the outlines of a physical theory
appeared that gives a more detailed picture of the structure
of matter than the one initially considered as the only possi-

ble. Up to here there is no paradox but just a natural develop--

ment of science which inevitably breaks any restrictive fra-
meworks established by certain personal philosophies. The pa-
radox comes, however, when a particle physicist is asked whe-
ther HP theories are possible in microphysics : In practically
all cases the answer would be "no, since rigorous theorems
rule them out",

, But in this case too HP theorists have made an im-
portant step in the "inner-structure-direction" as orthodox
theorists and this Step was made, once again, much earlier
than the "big bang" of gauge theories occurred. Indeed it was
an idea of ‘de Broglie forwarded as early as 1924 (cf., e.g.,
(*,®)) to introduce an "internal clock" (in other words ~in-
ternational vibrations) into the microparticle in order to
explain the peculiarities of its motion in the assumed field
of its own pilot wave. Internal vibrations, however, imply
inner structure since there can be nothing internal in a
point. If one employs here the well known analogy of an air-
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plex inner machinery of the airplane that makes thg driving
process possible in the field of such low energy signals (a

piece of rock would certainly be practically insensitive to

thém).

It is thus only old prejudice and the illusion
that rigorous "no-go-theorems" actually exist thaF prevents
different approaches in physics from mutually enriching each
other in their pursuit of a common goal.
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