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Abstract

Both Bohr and Einstein were right about the interpretation of quan-
tum theory. The quantum theory is interpreted as a measurement the-
ory with a more prominent role for the instrument. Here, Einstein’s
local hidden variables are non-statistical but arise from quantum the-
ory itself.
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1 Introduction

1.1 Bare essence of the Bohr Einstein debate

The history of quantum theory is well known. I would like to refer to the work
of Jagdish Mehra and Helmut Rechenberg on the historical development of
quantum theory [10]. An important left-over in the history of the theory is its
interpretation. The interpretation is a philosophical problem.

To the innocent bystander it may seem that a theory without an interpretation
or with multiple interpretations is unfinished. In this respect the debate about
the Einstein Podolsky and Rosen paradox is an example where the interpreta-
tional weakness of quantum theory shows.

In the past, the resolution of Bell was greeted as a good way to resolve the
Einstein-Bohr debate. Bell’s local hidden variable correlation seemingly en-
abled an experimental verification of the existence of locality and causality
in nature. It will be asked in this paper if Bell’s statistical resolution of a
foundational question covers every possibility. There is a subtle but important
difference between explaining a physical relation and Bell’s correlation.
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Bell’s view comes down to: local hidden variables are statistical or proba-
bilistic. Hence, there is a distribution of ’hidden matter’ like in a probability
distribution which together with measurement functions should explain the
correlation found in a so called Einstein Podolsky Rosen Bohm and Aharonov
(EPRBA) type of experiment.

Bell’s treatment of the physical interrelatedness ignores another possibility.
Namely: are there hidden variables possible that do not occur in a probability
density-like matter distribution. Is it possible that quantum theory itself pro-
vides its own local hidden variables to explain the correlation. This physical
correlation then is valid for each single particle pair and implies that quan-
tum theory must be the only true theory about measurement. In a sense, when
looking for a quantum measurement theory we were looking for the horse while
riding it.

1.2 Ultra-instrumentalism in physical theory

An interesting prelude to the view can be found in two publications of the
present author. It was shown that Dirac’s relativistic quantum mechanical
equation resides in Maxwell’s electro-magnetic field equations [3] and in a
weak gravity field in Einstein’s gravitational field equations [4]. Searching for
an interpretation for quantum theory it would have perhaps been sufficient to
look at classical field theory. With [5] a first step was taken to the present
interpretation.

In the to be developed interpretation nature is seen as a ’Ding as Sich’. This
comes pretty close to Bohr’s view of quantum mechanics. However, we are
also looking for local hidden variables to explain the measurement correlation.
Those variables must not be statistical as in Bell’s view of the correlation.

Please note that a measurement instrument will also largely be a ’Ding an
Sich’. However, we know that in the end of this ’Ding an Sich’ chain, there is
a registered measurement. This registered measurement is something that has
the potential of entering the senses and to create ’knowledge’.

2 Reconciling Bohr and Einstein

2.1 Outline

Before we set out it is wise to note that the reconciliation of the two points
of view is not borne out of a misplaced feeling that both of them were wrong.
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Our approach only tries to show the fly out of the fly bottle and is inspired
by work of the Russian poet and mathematician Yessenen-Volpin [11]. Being
a poet made him aware of metaphysics in the philosophy of mathematics. His
ultra-finitism does not go unchallenged but the attempt is inspiring.

Ultra-instrumentalism could be promising because, according to the challengers,
an Einsteinian extra hidden parameter computer simulation cannot be accom-
plished in principle. Despite of this, the problem of the interpretation of quan-
tum theory cannot be ignored. In effect, only one side of the debate appears
to be served with a riddle for a solution. Supporters of Einstein’s criticism
on the interpretation go unnoticed because they are trapped with a seemingly
unsolvable riddle while the challengers stand empty handed with non-locality
mysticism.

We would like to note that there exist good arguments e.g. [1], [6], [2], [7]
against the starting point of Bell’s theorem which make a simulation unneces-
sary. Moreover, ultra-instrumentalism is connected to simple and clear philo-
sophical ideas about the covert influence of ’a priori’ ideas in science [9]. The
interpretation is about one single pair of measurements and is not statistical.
The statistical argument to support the impossibility of a computer simula-
tion [8] does not apply in this case. Finally, there is no need to assume that
quantum mechanics is non-local a piori. It is measurement theory without,
presently, a clear view on the instrument.

2.2 Postulates

If we accept the idea that ’a phenomenon is only a phenomenon until it is
measured’ then we are allowed to introduce the following postulate.

Postulate-1: The entangled state of two photons need not arise from the source.

We usually only assume that the entangled state arises from the source. How-
ever, it is unknown where the entangled state occurs in the experiment. More-
over, there can be more than one entangled state wave function related to
a single photon pair (if we may talk about that). The result from what we
call entanglement is all that we know. What goes on before measurement is
necessary speculation. Arguing for or against something discloses antropo-
morhic idealism, nothing more. In this sense, quantum measurement theory is
a branch of metaphysics. A second postulate is:

Postulate-2: Measurement instruments cause complexity. Nature is simple.
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Using the two postulates one can come with the following picture.

The source is modeled with pairs of hidden variables (λA, λB) with at all times
λA +λB = 0 and both λA as well as λB in the set {−1, 1}. The behavior of λA

and λB is alternating. Moreover, if at the present time the state of e.g. λA is
λA = ±1 then the next state will be λA = ∓1 etc.

When a particle hits a measurement instrument A then the intake starts with
the entrance of λA = ±1 and ends with the entrance of λA = ∓1. At the
same time at the B end the B instrument receives λB = ∓1 initially and
finalises the measurement with λB ± 1. A complete measurement is, on the
A side, the sum over the result with λA = ±1 and is mirrored in B in view
of λB with λB = ∓1. This is the simple conception of the activity of the
source sending two pairs (λA, λB) = (−1, 1) followed by (λA, λB) = (1,−1) or
(λA, λB) = (1,−1) followed by (λA, λB) = (−1, 1). Of course λA to A and
λB to B. The temporal interval between the pairs is short but a ’first’ and
’second’ pair can be discerned. Two constecutive λ’s stand for one ’particle’.

If, considering the first postulate, it does not matter where the entangled state
is created we let it be created in the first stage of the measurement. Moreover,
the entangled state is duplicated. One entangled state resides at A the other
at B. The entangled state can be given by

|ψ〉 =
1√
2

[|↑1↓2〉 − |↓1↑2〉] (1)

Here, |↑1↓2〉 = |↑1〉⊗|↓2〉 and |↓1↑2〉 = |↓1〉⊗|↑2〉 while |↑k〉 and |↓k〉, (k = 1, 2)
denote the dichotomous state. The index does not refer to a particle. From
equation (1) we may discern |ψA〉 and |ψB〉. Both have the form as provided
in equation (1). The usual interpetation of (1) is not considered here.

A third postulate is related to the following stages in the measurement of a
spin pair.

Postulate-3: The complexity of measurement instruments shows itself in con-
volution of the setting with ’clones’ of the entangled wave function.

The cloning of the entangled wave function in the first stage of the measure-
ment results into two wave functions |ψε〉 and |ϕε〉. We define

|ψε〉 = αε

(
1 − D

1 + ε

)
|↑1↓2〉 (2)

and

|ϕε〉 = −αε

(
1 − D

1 + ε

)
|↓1↑2〉 (3)
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Here D = σx1⊗σx2 and σxk
|↑k〉 = |↓k〉, (k = 1, 2) and σxk

|↓k〉 = |↑k〉, (k = 1, 2).
Moreover, 0 < ε ≈ 0 and

αε =
1√

1 + 1
(1+ε)2

(4)

Hence, 〈ψε|ψε〉 = 〈ϕε|ϕε〉 = 1 and 〈ψε|ϕε〉 = 〈ϕε|ψε〉 = 2αε

1+ε
. Note that

ε+1
(ε+1)2−1

(ε+ 1 +D) is the inverse of 1 − D
1+ε

. Note also that we suppress the
use of the A and B index because wave function and clones are identical at
both sides. The A and B measuring instruments play a physical identical role.

In the next stage, still referring to the third postulate, a difference wave func-
tion arises.

|gε〉 = kε (|ψε〉 − |ϕε〉) (5)

This wave function is invariant under D operation. From (2) and (3), it follows
that, D|ψε〉 = −|ϕε〉 and D|ϕε〉 = −|ψε〉. Moreover, if

kε =
1√
2

1√
1 − 2α2

ε

1+ε

(6)

it follows that ∀0<ε〈gε|gε〉 = 1 and for 0 < ε ≈ 0. It can be verified that |gε〉 is
small.

A final step in the preliminaries shows that 〈ψ|gε〉 = 〈gε|ψ〉 = 0 when |ψ〉 repre-
sents the state given in (1). We have, 〈↑1↓2|ψε〉 = αε, 〈↑1↓2|ϕε〉 = αε

1+ε
together

with 〈↓1↑2|ψε〉 = − αε

1+ε
and 〈↓1↑2|ϕε〉 = −αε. Hence, 〈ψ|gε〉 = 〈gε|ψ〉 = 0

follows.

2.3 Measurement parameter settings

The final part of the third postulate is to introduce in a local manner the
measurement parameter settings for instrument A and B. This is done using
the copy of the wave function |ψ〉 at either A or B together with the respective
differential wave function |gε〉 based on the states in (2) and (3).

Let us define parameter functions α = α(a) and β = β(b) with a and b the
unitary parameter vectors at A and B representing the respective settings.
The use of α and β implicitly shows which wing of the experiment we are
talking about. Subsequently using α(a) and β(b) we define

|χ(α)〉 = cos(α)|ψ〉 + sin(α)|gε〉 (7)

together with
|ξ(α)〉 = cos(α)|ψ〉 − sin(α)|gε〉 (8)
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for the A side of things. For the B side

|χ ′(β)〉 = cos(β)|ψ〉 + sin(β)|gε〉 (9)

and

|ξ ′(β)〉 = sin(β)|ψ〉 + cos(β)|gε〉 (10)

As we can see, |χ(α)〉 and |ξ(α)〉 only depend on a and use their own copy of
|ψ〉 and |gε〉 at the A side. Similarly for |χ ′(β)〉 and |ξ ′(β)〉 on the B side and
using b. The χ and ξ wave functions are normalized.

3 Convoluted measurement wave functions

In the previous sections we have used ordinary quantum mechanical wave
functions that are normalized. The reader may also note that |χ(α)〉 and |ξ(α)〉
only depend on a and that |χ ′(β)〉 and |ξ ′(β)〉 only depend on b. Expressions
using |χ(α)〉 and |ξ(α)〉 are independent of β and expressions using |χ ′(β)〉 and
|ξ ′(β)〉 are independent of α. Wave functions only reside in the measurement
instrument. Hence, the Einstein locality condition is obeyed.

3.1 Product ⊗ wave functions

Let us define the convoluted, λA dependent, wave function |ρλA
(α)〉

|ρλA
(α)〉 =

1√
2
|ψ〉 ⊗ |χ(α)〉 ⊗ |χ(α)〉 +

λA√
2
|gε〉 ⊗ |ξ(α)〉 ⊗ |ξ(α)〉 (11)

Moreover, for B

|ρ′λB
(β)〉 =

1√
2
|ψ〉 ⊗ |χ′(β)〉 ⊗ |χ′(β)〉 +

λB√
2
|gε〉 ⊗ |ξ′(β)〉 ⊗ |ξ′(β)〉 (12)

Note that it also follows that the convoluted |ρλA
(α)〉 depends on a only while

|ρ′λB
(β)〉 only depends on b.

3.2 Operator

Let us repeat the effect of the D operator on |ψ〉 and |gε〉 wave functions

D|ψ〉 = −|ψ〉 (13)

and

D|gε〉 = |gε〉 (14)
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Contrary to the usual derivation of the quantum correlation from quantum
mechanics, the operator is independent of the setting parameters. We define
the operator R as

R = 1 ⊗ (−D) ⊗D (15)

R is unitary: R2 = 1 ⊗ 1 ⊗ 1. Let us inspect R|ρ′λB
(β)〉.

R|ρ′λB
(β)〉 =

1√
2
|ψ〉⊗(−D)|χ′(β)〉⊗D|χ′(β)〉+ λB√

2
|gε〉⊗(−D)|ξ ′(β)〉⊗D|ξ′(β)〉

(16)
If the experimenter could measure a single pair of particles only, he could
calculate 〈ρλA

(α)|R|ρ′λB
(β)〉 and sum it over two consecutive (λA, λB) pairs

comprising a single particle pair.

If we evaluate 〈ρλA
(α)|R|ρ′λB

(β)〉 the following partial results are used. In the
first place the already discussed 〈ψ|gε〉 = 〈gε|ψ〉 = 0. In the second place,
using (7) and (9) and because of (13) and (14) we find that

〈χ(α)〉|(−D)|χ′(β)〉 = [〈ψ| cos(α) + 〈gε| sin(α)] [cos(β)|ψ〉 − sin(β)|gε〉] (17)

Hence, 〈χ(α)〉|(−D)|χ′(β)〉 = cos(α+ β). Similarly we see, using (8) and (10)
together with (13) and (14)

〈ξ(α)〉|(−D)|ξ′(β)〉 = [〈ψ| cos(α) − 〈gε| sin(α)] [sin(β)|ψ〉 − cos(β)|gε〉] (18)

which results into 〈ξ(α)〉|(−D)|ξ′(β)〉 = sin(α+ β).

From this it follows that

〈ρλA
(α)|R|ρ′λB

(β)〉 = −1

2
cos2(α+ β) − λAλB

2
sin2(α + β) (19)

Each particle pair is represented by two consecutive (λA, λB) pairs and we
have assumed λA + λB = 0, such that λAλB = −1 for the two consecutive
pairs. It follows that the final one single particle pair correlation measurement
produces − cos2(α + β) + sin2(α + β). If the angle between a and b equals
θ = arccos(a ·b), then the quantum correlation −(a ·b) arises from the previous
single pair measurement when

θ

2
= α(a) + β(b). (20)

Summation over subsequent pairs (λA, λB) is equal to the multiplication by 2 of
equation (19), because λAλB = −1 in both cases of (λA, λB) ∈ {(−1, 1), (1,−1)}.
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4 Conclusion

With the use of convoluted local wave functions and three postulates it turned
out to be possible to derive the usual quantum correlation from local princi-
ples. Because of the fact that the usual interpretation of the entangled state is
as much metaphysics as the present one there appears no a priori way to show
which is correct and which not.

With the ultra-instrumentalist view Bohr and Einstein can be reconciled.
There are local hidden variables in the source. The instrument itself contains
a convolution of clones of the usual entanglement wave function. Convoluted
duplicated wave functions that carry local information about the setting of a
measurement system, i.e. |ρλA

(α)〉 and |ρ′λB
(β)〉, play the role of instrument

based hidden variables. This makes the theory local in the sense of Einstein.

However, the convoluted quantum states are not random variables that must
enter a Bell-like form of correlation. The description remains quantum me-
chanics. Quantum mechanics provides its own local hidden variables.

In the present view, duplicates of what usually is considered a single entangle-
ment wave function occur in the instrument in the first stage of measurement.
The difference with the usual view is that the measuring instrument creates
complexity and that states are not associated to particles coming form a source.
Particles remain for ever hidden. If a phenomenon is only a phenomenon if it
is a registered phenomenon then what right do we have to talk about a state
such as (1) to arise from the source?

The answer to the question ’How does a measurement instrument obtain its
information as to what type of response to give’ resides in the use we want
to make of it. In the context of the EPRBA we may propose the following
separate A and B response function selection rules.

λA = +1, enters A first then |χ(α)〉 & |ξ(α)〉 are selected
λA = −1, enters A first then |χ′(α)〉 & |ξ′(α)〉 are selected (21)

and

λB = −1, enters B first then |χ′(β)〉 & |ξ′(β)〉 are selected
λB = +1, enters B first then |χ(β)〉 & |ξ(β)〉 are selected (22)

The fact that quantum mechanics can play the role of instrument based local
hidden variables explains the correlation at the physical level. Moreover, it
turns the attention to the active role of the measuring instrument in gaining
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knowledge.

At the end of this discussion we would like to note that the use of Ock-
ham’s raizor is invalidated on semantical grounds. The usual way of com-
puting the quantum correlation is by no means semantically superior to ultra-
instrumentalism.

Most likely, ultra-instrumentalism is a passing phase because it discloses antropo-
morphic ideals where they are not expected. Hopefully, the view that quantum
theory itself generates its own local hidden variables and the concept that the
measurement instrument causes complexity, will start an integrative philoso-
phy of quantum theory.
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