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GENERAL PHYSICOCS

Bohm's Gedankenexperiment- the relativistic_version,
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ABSTRACT

The singlet state of a pair of Dirac electrons is constructed.

The Bell Theorem cannot be proved without the subsidiary poatulate
of correaspondence,



1. INTRODWCTION

The Gedankénexperiment proposed by Bohm [ 1)} as the new version

of famous EPR paradox became the starting point for the origénal
proof of the Bell theorem [27) .Although the Bell ‘g theorem was
formulated later in the relativigiic version for the case of cof—
related photons,the question of validity of Bohm s considerations
within the fyamework of relativistic quantum theory is still in-
teresting,.The suspltion about a-donceptual nontrivielity of the
problem has been suggested by the fact that spin is not an obgerve
able in tl = Poincaré-invariant theories [ 3] .An attempt of getting
clear of that trouble beldngs to the same class of problems as

the question of Birac electrons veldeity.As will be shown,the
solution proposed in some standard text-bonks £L47] /a restriétion

of observables to even operators/ brings new gquestions,The motiw
vation for writing the tz=xt was the author’s will of convincing
himself abont the value of EPR considerations for electrons.

2,.The system under the consideration consists of a pair of space-
like~geparated electrons,Let 2 and b be arbitrary unit vectors
and'“g ’ n ’ & gpan orthonormal bases for the reference fra-
mes of both particles.By definition t = T /1F) ;A-T »0 and K=t x 1
/P is a momentum of one of those particles/.Let us also introduce
a spinor (J 4 satysfying relations
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The spin projection operator is
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At the nonrelativistic catse(S‘:1 ) written in a bagis of 63 is

a matrix
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The middle box has eigenvalues 2 and O,with corresponding eigen-

vectors
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The average value of an observable ,2 S;Z Sé’ in a singlet
gstate is
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Since for any measurement that observable gives 1, P{?, b)
should satysfy the Bell iriequality.The vielating of the ineyuality

—
by P(a,B’) leads to the known theorem of nonrelativistic QM.
3.THE RELATIVISTIC CASE
By a strictanalogy to Sec.2 we choose the helicity states to be
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where E= Vﬁz’tmz

LP-}. satysfy orthogonality conditions
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between the states (#{ © % and k,l/m & WW is



Its eigervalues are
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‘>Q‘< Q corresponds to the nonrelativistic singlet state and
= ‘ )
v,= F(reY. v e,
The analégous average is
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Desoite appeprancos this fancilon cannot bte used for ths congtruction
.d,._.n,

of Bell theorem.It follows f{rom tie fact ~that Cl S QQ

is not an o servable i.,e, dces not ccommute with Hemiltoaian

because of Spinbewegurg oscillations [ 3] ,The Spinbewegunyg vanishes
if we restrict ourselves to those parts of operators that have no
matrix elements between states with different signs of the ener=y.
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-Uﬁe-can_try to motivaﬁe this operation‘“phyéioally" by réquiring
that a particle cannot transform to an-antiparticke and vice
versa,On the other hand one should be aware of the fact,that %he
réquiremenﬁ does not result from the_theory vut is added from
outside to keep common sense character of predictions.In the:
former paper [57] the author has shown that the time dependance
of spin operator possesses a fundamental importance for the
structure of fields .equatjonS,And all the tiase dependance of
s“ln is contained in a Spinbewegung.So at the ground of Birac
Itheory the most é%ﬁéé%ﬁ%ﬁ%-woula be the statemart that Bohm 3
Gedankenexperiment does not have a relativistic equivalent,

For the sake of completnéss let us investigate the alternative -
cagse for which the fundamental is the following

Postulate of correspondence

To measurable physical quantities correspond Hermitian even

operators,

Let us now introduce the projektors ' P__ = 24(4 t A) G
A= HVHY
Any operator A can be split to A = eve“ + A odd

J”AP*-FATI

Aeven™

A =AM« TAT,

As one can see /leVen vanishes between the stales of gposite
energy.For Dirac spin ' -
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For gny & 35 conmites with H LIts eigenfunctions are
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and the eigenvalues are
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Our task reduces now to finding the "sinzlet" state and couriting
the average value of the operator '

& Se,/ 10zl ® BSe, 105!

The "single particle spin " satysfies the following commutation

algebra = — = T
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A problem apvears when oneftries to define the square of spin.
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It +comes from the evenness of SZ - »0n the other hand the égg-
sistent

-segwent description requlres a choice of (Sev) «But

(3.)02=S*~ G 1

It is the hardest shortcomlng of an "e*\zrna-n2 formali sm".Lucklly :Ln
the two particle case (S @1+ /ﬁ®§ )% is not even.

30 it is necessary to choose

(-S, ®/ﬂl ¥ /H®Sev)2

‘In the helicity basis it is recessasy thedBx#6matrix
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S0 the relativistic electrons oteying the Postulate remain a2 non-

_1ocal gystem,It becomes especially visible when one choses
b perpendicular to p . They

—>

PR, k},'ﬁ? =~ a' b

and that obtviously violates Bell’ s inequality.
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