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Abstract

On the grounds that the Einstein-Podolsky-Roseruraegt is an example of reasoning by
reductio ad absurdum, and that a counterexample is unacceptable, uale@s elements meet all
the necessary conditions, its conclusions are itatdd. The arguments in this paper are strictly
logical. Einstein, Podolsky and Rosen made a mailieah assumption that is incompatible with

guantum mechanics.

Résumé

Parce que l'argument d'Einstein-Podolsky-Roseniregixemple du raisonnement paductio ad

absurdum, et qu'un contre-exemple est inacceptable, a nulestous ses elements rencontrent
toutes les conditions nécessaires, ses conclusantsinfirmées. Les arguments en cet article par
sont strictement logiques. Einstein, Podolsky esdRoont fait une prétention mathématique qui

n'est pas compatible avec la mécanique quantique.
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In the second section of their celebrated papleHinstein, Podolsky, and Rosen, consider a systade
of two subsystems | and Il. They attempt to prchet the entire system can be prepared in suchtbtte
when the two subsystems are not supposed to itt€i@e a consequence of different measurements
performed upon the first system, the second systambe left in states with different wave functibtisat

can be the eigen-functions of non-commuting opesato

They suppose that the subsystems | and 1l haee imeracting fromt =0 to t =T and no longer after

that. To represent the state of the complete systeentimet; > T, they consider an expansion of the

form:

W%, %,) = il/ln(xz)un(xl) @

n=0

Where “gl/n(xz) are to be regarded merely as the coefficients xplesion of ¥ into a series of

orthogonal functionsun(xl) " that are the eigen-functions of an operafér with eigen-valuesa,,a,, -
(We have introduced the symbd| instead oft, used by Einsteirt al, because we will usé as a

variable in Schrodinger’s equation.)

A

A measurement of the physical quantity correspantb A is performed at timd, , giving a result of

a, . In consequence, subsystem Il is left in a statzdbed by the wave functiowk(xz) and the whole

system is described by the wave function

qJ(Xi’Xz) Z‘//k(xz)uk(xl) (2

Therefore, the state of subsystem Il at tilpedepends on the state of the physical quantityib$gstem |

that is chosen to be measured at that time. (Becaacan select any other physical property ofysibm

| to measure at timé; , getting similar results, but with a different séeigen-functions.)



Later, Einsteiret al introduce an assumption that is not compatibld \gitantum mechanics, as we will

prove. They consider a particular case where thsyis made of two particles and (1) can be writts

W(x, %) = e Pdp ©

where X, is some constant.

They choose this wave function because theyraegeisted in proving that, in particular, subsystém
after measuringX or P for subsystem I, can be left in states wh&reor P, respectively, have definite
values. This, according with thedriterion of reality, would imply that those two physical magnitudegeha
simultaneouseality. However, they do no provide any proof that suctade could emerge as a result of
temporal evolution, as specified by Schrédingeragign, which is explicitly required by their genkera
description of the physical situation: “...We can tleaculate with the help of Schrédinger’'s equatios
state of the combined system I+l at any subsecgir@et in particular, for anyt > T . Let us designate the

corresponding wave function by ...”

Instead of providing that proof, as it is lodiganecessary, they limit themselves to write “lust suppose
that the two systems are two particles and H{ix, X, ) = Jeilh(xl_x2+x°)pdp ... " This cannot but cast

doubts on the validity of assumption (3), unlessaneewilling to accept it because it has not beewgd to

be invalid.

The argument by Einsteet al is an example of reasoning bsductio ad absurdum [2]. This method of
proof proceeds by stating a proposition and tthemonstrating that it leads to a contradiction. As to the

logical structure of this kind of argument, we raththe reader that [3 p. 57]:

“We must be certain that, in showing that the niegatdf a statement we wish to prove leads to a
false conclusionwe use only premises known to be true as well as a logically valid argument. For

if the negation of our statement is not the ondtesnent whose truth value is uncertain, or if the



argument used is not logically valid, then we coaldive to a false conclusion, even if the

negation of our statement happens to be true.”

The wave function (3) is just one of the elemeritar elaborated counterexample. An argument that is
intended to prove that the statement tiantum mechanics is a complete theory is false, on the grounds
that a quantum system can evolve by itself to te stdnere two complementary physical properties have

simultaneous reality.

Below we prove that (3) cannot emerge as atre§ukmporal evolution, as described by Schrddinge

equation.

Our first consideration is that, according t) (Be wave function at timé, is equal to

W(X,, X, ) = 270X, = X, + Xo) (4)

Let us introduce the new coordinates:

+
x = MX+ My, -
m +m,
And
X=X =% (6)
The hamiltonian betweell andt, is given by:
2 2 2 2
G = he 0 h° 0 @)
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Where m is the mass of subsystem M, is the mass of subsystem IIM =m +m,, and
= mim, / (my+m,).

The first part of (7) corresponds to the kinetieergy of the center of mass, and the second tkinleéic

energy of the internal motion.

Using (5) and (6) we have

W(X,X) = 2m0d(x + X,) ®)

Which depends only oiX. Therefore, at timd; , W is an eigen-function of the operator

P, = -if— ©)

with the eigen-valueP, = 0. And it must be so for any time betwednand t; , because{l-Al, If’x] =0.

In consequence, the wave function has the form:

W(X,x,t) = ¢(x,t) (10)

for any time betweed andt, , where l//(x,t) is a solution of the Schrodinger’s equation:

2 2
L0U 1oy a

ot 24 0X*
This equation is formally identical to the eqoatiof a single free particle, and quantum mechanics
predicts that the corresponding wave functions egprim space as time goes on, instead of collapsing

themselves into delta functions [4, pp. 104-106].



The solution of (12) with the final conditiol;i/(x,tf ) = 2m5(x+ xo) can be obtained from the non-

relativistic propagator, using time reversal. Iscibes a temporal succession of non-normalizailkes
where the square of the modulus of the wave functlepends only on time. According to quantum

mechanics, the square of the modulus of a phygiaalteptable wave function has to be integrable.

Notice that we had enough grounds in our lastar&rto reject (4), as soon as we wrote (8). Tdilsrre

of (4) to serve its intended purpose in the argunbg Einsteiret al, cannot be fixed by replacing it by a

narrow superposition of eigen-states of the operat&[ - )A(Z. Because aarrow superposition has not a

definite value ofX; = X,.

In addition, the functiorﬁ(x+ XO) is symmetric with respect to-X, . Therefore, the expected value of

the operaton = —i%i0 / OX, corresponding to the relative velocity, is ecuarero at timet, , and at any

other time betweed andt, because{l-Al ,\7] =0. Therefore, the wave function (10) does not cpoes

to the general idea of a system made of two patithat are flying apart after they have interactad
consequence, unless we assume that the forceswéraan be turned off at will, the wave functia) (

does not match the (incomplete) description ofpimgsical situation, as given by Einstetral.

Were our arguments not enough to have our claicef@ed, we state that it is not sound to belieat th
assumption (3) is consistent with quantum mechamicthe grounds that it has not been proved thiat it

inconsistentdd ignorantium fallacy].

The final conclusion of the EPR paper, thatwlawe function does not provide a complete desoniptif

physical reality, is strongly dependent on the digfi of (3) at time t;, as well as on some other

philosophical considerations that we have decidedto address in our main argument. Therefore, that

conclusion is invalidated.



Concluding Remarks

The invalidation of (3) casts doubts on the digli of the assumption that “If. without in any way
disturbing a system, we can predict with certainty (i. e. with probability equal to unity) the value of a
physical quantity, then there is an element of physical reality corresponding to this physical quantity...”
introduced by Einstein, Podolsky, and Rosen insti@e paper, with no more foundation than (3), en th
basis that “we regard (it) as reasonable”. The s@oubts fall then over Bohm’s conclusion [5 pp. @3
that the world cannot “correctly be analyzed intengents of reality, each of which is a mathematical
quantity appearing in a complete theory” and, femhore, on the current interpretation of Bohm's

experiment.

Actually, according to quantum mechanics, ifrthes something we can predict without (in absdute
any way) perturbing a quantum system, it is theeMawmction, using Schrédinger’s equation. Thenwal
need is to accept that the square of the modukisvilve function is a physical quantity, which miglet
justified on the groundthat it is reasonable [6 p. 2], to jump to the conclusion that the sguaf the wave
function, and therefore, the quantum potentialregponds to aalement of reality. Then we should accept
that the de Broglie-Bohm theory is true, in thessetihat it corresponds to reality. However, th&dmlie-

Bohm theory was never accepted by Einstein, whimgsvabout reality were addressed—by himself—in

[7p. 2]

“We are accustomed to regard as real those peoceptwhich are common to different
individuals, and which, therefore, are in some eeinspersonal. The natural sciences, and in

particular, the most fundamental of them, phyddes| with such sense perceptions.”

Here we have a (necessary and) sufficient ciomddf reality, stated in terms of what we percearel
measure, not in terms of what we predict. If weeagwith the implicated meaning of the teraality,
again, as a formal definition, we have to endors@rB opinion that there is not a microscogi@ntum
reality: because we cannot perceive subatomic partickithen measure them; all we can perceive and
measure are the changes of state of macroscopieshothat we presume to be induced in them by thei

interactions with quantum corpuscles. However tlueclusion is not as relevant as it might seenirstt f



sight: Because it is grounded on the very definitid the termreality, and the definition of a term can

always be revised.

As a final remark we have to say that from thet that the EPR paper does not prove that quantum
mechanics is incomplete we cannot conclude thahtgoa mechanics is complete. We consider that a
theory is complete if: (a) the representation ubgdthe theory is complete and the corresponding
interpretation is unambiguous; (b) the axioms agichlly consistent; (c) the theory does not leang
sensitive question without a sensitive answer; (@hdhe theory is true. As D. Aerts has proved {Bére is

evidence that quantum mechanics does not meebttditions (a) and (c).
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