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Bell’s inequality deals with pairs of correlated systems: such systems are described
by quantum mechanics in a two-fold manner, sometime with factorizable state vectors
(also called state vectors of the first type, whose set will be denoted by 8;in the follow-
ing), some other time with nonfactorizable state vectors (called of the second type, set
denoted by 8;;). This distinetion of 8; from S is important because the elements
of §; always satisfy (while those of S;; sometimes violate) Bell’s inequality (%).

This is not the only unpleasant feature absolute S;; because the famous paradox
by EinsTEIN, ROSEN and Poporsky (?) is due to the presence of S;;. Furthermore
all the unresolved difficulties met in trying to understand the description of the measure-
ment given by q.m. arise from the need to get rid of nonfactorizable states from the final
state of object plus measuring apparatus (3). Such a situation has led many physicists
to believe that, perhaps, q.m. should be reformulated without S;;. Such an opinion has
been expressed, for instance, by JaucH (4): « We may thus say that the essence of our new
notion of state is contained in the statement: Mimtures of the 2nd kind do not exist ».
Other authors have linked strictly nonlocality and S;;: Baracca (°) writes: «... the
states of the 2nd kind ... give the most precise physical meaning which may be actually
attached to the concepts of «locality » or « nonlocality ».

We shared for a long time the first of the two previous points of view, but we will
show in the present paper that it is actually untenable, because the concrete formula-
tion of such a naive point of view (drop S;; and keep only §;) would lead to a theory
with new types of paradoxical aspects.

We will furthermore show that local causality and states of the second kind are
two quite different things because there are locally causal physical systems which
cannot be described by state vectors of the first type.
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A point which has been investigated in recent papers is the search for « sensitive »
observables, defined as those observables whose average is different according to whether
the state of the system belongs to 8; or to S;;. It hasbeen show that the left-hand side
of Bell’s inequality is such an observable (®) and theorems have been proven which
allow one to identify whole classes of sensitive observables (7). Two inequalities following
from such considerations are (8)

(1) |Bl = |P(j,i+j)—P(j,i—j) + P@i,i+j)+ P@i,j—i)[<2,

where i, j, k are three unit vectors along the -, y-, and z-axes and P(a, b) are correlation
functions for the two spin-} particles which are being considered for measurements
of spin-components along the directions a (for the first particle) and b (for the second
particle).

The upper limits in (1) and (2) are the maximum values that the observable B
and I'" can assume for state vectors to S;. The upper limit of (1) can also be obtained
from local causality and (1) is essentially a particular case of Bell’s inequality.

Quantum mechanics predicts in certain physical situations (those described by
state vectors belonging to Sy;) values for B and I" which are larger than the upper limits
in (1) and (2). For the singlet state (which belongs to S;;) one has

(3) B=2+2,
(4) r=3.

It will be shown in the next paragraph that there is not a direct connection
between (2) and local causality. The meaning of (1) and (2) is therefore very different
since the former seems to be a consequence of local causality (°). The exact values
of B and I' can, of course, be found experimentally and this is what makes considerations
about inequalities like (1) and (2) so interesting (19).

We will now proceed to show that it is possible to imagine physical situations which
are fully compatible with local causality and which lead to a violation of the condi-
tion I'< 1 deduced from q.m. with only state vectors belonging to S;. This suffices
to show at least that q.m. with vectors belonging to 8; is not the most general formula-
tion of local causality.
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It is not difficult to imagine visualizable models which always lead to correlation
functions satisfying

(5) Pla,a)=—1

for an arbitrary direction specified by the unit vector a. This results in I'=3 and
therefore in a violation of inequality (2).

If such models are formulated consistently with local causality, as it is very easy
to do, one instead has, necessarily, |B|<2.

We will briefly sketech one such model, which has been developed in detail else-
where (11). Two correlated particles, which quantum mechanics would describe with
the singlet state vectors, are two classical spheres rotating in such a way that their
spins lie on the same straight line but point in opposite directions. Their translation
results in an increasing relative distance, until they interact with two different measuring
apparata which accertain the sign of the spin projection along a common direction a.
Whatever apparatus is a dicotomic observable which can be assumed to be +1
for positive projection and —1 for negative projection. Obviously for any given a
a total anticorrelation will be found and the measured correlation function will be given
by (5) which leads to (4) which in turn violates (2).

Several mechanisms can be invented for the interaction between measuring apparata
and rotating spheres, but we do not insist on them here because what we said that is prob-
ably enough to persuade the reader that a locally causal situation can well result in a
Aiolation of (2).

The conclusion is thus that local causality and a theory with only state vectors of
the first type are two rather different things.



