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Abstract

In order to make quantum mechanics compatible with general relativity the
Heisenberg uncertainty principle is given a generally covariant (or objective)
and causal interpretation. The fundamental conjugate variables are shown to
be quantities such as momentum density, angular momentum density and energy
density in general relativity instead of quantities such as momentum, angular
momentum and energy in special relativity. The generally covariant interpre-
tation of quantum mechanics given in this paper agrees with the repeatable
and reproducible experimental data of Croca et al. and of Afshar, data which
show that the conventional Heisenberg uncertainty principle is qualitatively in-
correct, and with it all the arguments of the Copenhagen school throughout the
twentieth century. The correctly objective interpretation of quantum mechanics
is given by the deterministic school of Einstein, de Broglie, Vigier and others.
This is a direct result of the Evans unified field theory.

Key words: Evans unified field theory; generally covariant Heisenberg equation
and Heisenberg uncertainty principle.
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15.1. INTRODUCTION

15.1 Introduction

Generally covariant quantum mechanics does not exist in the standard model
because general relativity is causal and objective, the Copenhagen interpretation
of quantum mechanics is acausal and subjective. This is the central issue of
the great twentieth century debate in physics between the Copenhagen and
deterministic schools of thought, an issue which is resolved conclusively in favor
of the deterministic school by the Evans unified field theory [1]– [19]. At the root
of the debate is the Heisenberg equation of motion [20], which in its simplest
form is a rewriting of the operator equivalence condition of quantum mechanics:

pµ = i~∂µ. (15.1)

Eq.(15.1) is an equation of special relativity where:

pµ =

(
En

c
,p

)
(15.2)

is the energy momentum four vector, and:

∂µ =

(
1

c

∂

∂t
,−∇

)
. (15.3)

Here En denotes energy, c is the vacuum speed of light, p is the linear momentum,~
is the reduced Planck constant, and the partial four derivative ∂µ is defined in
terms of the time derivative and the ∇ operator in Eq.(15.3).

In Section 15.2 the operator equivalence (15.1) is rewritten as the Heisen-
berg equation of motion [20]. The Heisenberg uncertainty principle is a direct
mathematical consequence of the Heisenberg equation and therefore is a di-
rect mathematical consequence of Eq.(15.1). However, recent reproducible and
repeatable experimental data [21]– [23] show that the Heisenberg uncertainty
principle is violated completely in several independent ways. This means that
the principle as it stands is completely incorrect, i.e. by many orders of magni-
tude. For example in the various experiments of Croca et al. [21] the principle is
incorrect by nine orders of magnitude even at moderate microscope resolution.
As the resolution is increased it becomes qualitatively wrong, i.e. the conju-
gate variable of position and momentum appear to commute precisely within
experimental precision. The uncertainty principle states that if the conjugate
variables are for example the position x and the component px of linear momen-
tum then [20]:

δxδpx ≥ ~

2
. (15.4)

This means that the δx and δpx variables cannot commute and the conventional
Copenhagen interpretation is that they cannot be simultaneously observable
[20] and cannot be simultaneously knowable. This subjective assertion violates
causality and general relativity (i.e. objective physics) and has led to endless
confusion for students. The experimental results of Croca et al [21] show that:

δxδpx = 10−9 ~

2
(15.5)
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at moderate microscope resolution. As the latter is increased, the experimental
result is:

δxδpx −→ 0 (15.6)

in direct experimental contradiction of the uncertainty principle (15.4).

In the independent series of experiments by Afshar [22], carried out at Har-
vard and elsewhere, the photon and electromagnetic wave are shown to be si-
multaneously observable, indicating independently that the position and mo-
mentum or time and energy conjugate variables commute precisely to within
experimental precision. In a third series of independent experiments [23], on
two dimensional materials near absolute zero, the Heisenberg uncertainty prin-
ciple again predicts diametrically the incorrect experimental result to within
instrumental precision. Each type of experiment [21]– [23] is independently
reproducible and repeatable to high precision.

In Section 15.3 this major crisis for the standard model is resolved straight-
forwardly through the use of the appropriate densities of conjugate variables
in general relativity. The experimentally well tested Eq.(15.1) is retained, but
the fundamental conjugate variables are carefully redefined within the generally
covariant Evans unified field theory, which derives generally covariant quantum
mechanics from Cartans differential geometry [1]– [19] for all radiated and mat-
ter fields. The result is a generally covariant quantum mechanics in agreement
with the most recent experiments [21]– [23] and philosophically compatible with
the causal and objective Evans unified field theory. The latter denies subjectiv-
ity and acausality in natural philosophy.

15.2 A Simple Derivation Of The Heisenberg

Equation Of Motion

In its simplest form the Heisenberg equation of motion [20] is:

[x, px]ψ = i~ψ (15.7)

where ψ is the wave-function. Eq.(15.7) means that the commutator:

[x, px] = xpx − pxx (15.8)

operates on the wave-function. From Eq.(15.1):

px = −i~ ∂

∂x
(15.9)

and so px becomes a differential operator acting on ψ . The position x is
interpreted as a simple multiple, i.e. x multiplies anything that follows it. Using
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the Leibnitz Theorem and these operator rules it follows that:

[x, px]ψ = (xpx − pxx)ψ

= x (pxψ) − px (xψ)

= x (pxψ) − (pxx)ψ − x (pxψ)

= − (pxx)ψ

=

(
i~
∂x

∂x

)
ψ

= i~ψ

(15.10)

and it is seen that the Heisenberg equation is a rewriting of Eq.(15.1), a compo-
nent of which is Eq.(15.9). Using standard methods [20] we obtain the famous
Heisenberg uncertainty principle

δxδpx ≥ ~

2
(15.11)

from Eq.(15.9) and thus from Eq.(15.1), the famous wave particle duality of de
Broglie. This derivation is given to show that the uncertainty principle, which
has dominated thought in physics for nearly a century, is another statement of
the de Broglie wave particle duality.

The subjective and acausal interpretations inherent in the Heisenberg un-
certainty principle were rejected immediately by Einstein and his followers, as
is well known, and later also rejected by de Broglie and his follower Vigier.
These are the acknowledged masters of the deterministic school of physics in
the twentieth century. The data [21]– [23] now show with pristine clarity that
the deterministic school is right, the Copenhagen school is wrong. It is im-
portant to realize that the deterministic school accepts quantum mechanics,
i.e accepts Eq.(15.1) but rejects the INTERPRETATION of Eq.(15.7) by the
Copenhagen school. The ensuing debate became protracted due to a lack of a
unified field theory and a lack of experimental data. Both are now available.

15.3 The Generally Covariant Heisenberg Equa-

tion

Neither school discovered the reason why Eq.(15.11) is so wildly incorrect. With
the emergence of the Evans unified field theory (2003 to present), more than
a hundred years after special relativity (1892 - 1905), we now know why the
experiments [21]– [23] give the results they do. The error in the Copenhagen
school’s philosophy is the obvious one - the subjective reliance on conjugate
variables which are not correctly objective (generally covariant). They are not
DENSITIES, as required by the fundamentals of general relativity and the Evans
unified field theory. In order to develop a correctly objective quantum mechanics
the momentum px has to be replaced by a momentum density px and the angular

166



CHAPTER 15. GENERALLY COVARIANT QUANTUM MECHANICS

momentum ~ by an angular momentum density ~. The reason is that the
fundamental law of general relativity [1]– [19] is:

R = −kT (15.12)

where T is the scalar valued canonical energy-momentum density, R is a well
defined scalar curvature, and k is Einstein’s constant. In the rest frame T
reduces to the mass density of an elementary particle:

T → m

V0
(15.13)

and within a factor c2 this is the rest energy density:

En0 =
mc2

V0
. (15.14)

Here V0 is the Evans rest volume

V0 =
~

2k

mc2
(15.15)

where m is the elementary particle mass.
Define the experimental momentum density for a given instrument by:

px =
px

V
(15.16)

and define the fundamental angular momentum or action density by:

~ =
~

V0
. (15.17)

Here V is a macroscopic volume defined by the apparatus being used, or the
volume occupied by the momentum component px. The quantum ~ is the
fundamental density of the reduced Planck constant:

~ =
mc2

~k
(15.18)

i.e. the rest energy divided by the product of ~ and k. Eq(15.18) means that
the quantum of action occupies the Evans rest volume V0. For any particle,
including the six quarks, the photon and the neutrinos, the graviton and the
gravitino. This deduction follows from the special relativistic limit of the Evans
wave equation for one particle is [1]– [19]:

kT =
km

V0
=
m2c2

~2
. (15.19)

In general relativity therefore Eq.(15.9) becomes:

px = −i~ ∂

∂x
(15.20)
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i.e.:

pxψ = −i~∂ψ
∂x

. (15.21)

Eq.(15.9), which is precisely verified experimentally in quantum mechanics, is
therefore the same as:

px = −iV0

V
~
∂

∂x
(15.22)

which is a special case of the fundamental wave particle duality in general rela-
tivity:

pµ = i
V0

V
~∂µ. (15.23)

The generally covariant Heisenberg equation is therefore:

[x, px] = i
V0

V
~ (15.24)

and the fundamental conjugate variables of generally covariant quantum me-
chanics are x and px. The fundamental quantum is ~.

Experimentally for a macroscopic volume V :

V0 � V (15.25)

and so

[x, px] ∼ 0 (15.26)

which implies

δx ∼ 0, δpx ∼ 0 (15.27)

is quite possible experimentally. Therefore what is being observed experimen-
tally in the Croca and Afshar experiments is px and not px, and ~ and not ~.
This deduction means that a particle coexists with its matter wave, as inferred
by de Broglie. For electromagnetism this coexistence has been clearly observed
by Afshar [22] in modified Young experiments which are precise, reproducible
and repeatable.

The fundamental conjugate variables are therefore position and momentum
density, or time and energy density, and not position and momentum, or time
and energy as in the conventional theory [20] and as in the Copenhagen inter-
pretation. The wave function is always the tetrad, and this is always defined
causally and objectively by Cartans differential geometry [1]– [19]. There is
no uncertainty or acausality in geometry and none in physics. The fundamen-
tal wave equation of generally covariant quantum mechanics is the Evans wave
equation [1]– [19]:

(� + kT ) qa
µ = 0 (15.28)

which reduces to all other wave equations of physics, and thence to other equa-
tions of physics in well defined limits.
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