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Preface
This is a draft of an upcoming book with a computational approach to
quantum mechanics based viewing the the Schrödinger equation for a manyelectron atom or molecule as a non-linear system of of one-electron equations
in the spirit of Hartrees classical method, which is solved in a collective computational process with each electron updating its own three-dimensional
wave function according to the wave functions of the other electrons. I refer to this version as Many-Minds Quantum Mechanics (MMQM) with each
electron representing a (simple) mind seeking to solve its own Schrödinger
equation.
This is to be compared with the accepted view according to the Copenhagen Interpretation with a multidimensional wave function satisfying a linear scalar Schrödinger equation, with the modulus squared of the wave function representing the probability of a pointlike electron configuration. One
may refer to this verion as One-Mind Quantum Mechanics (OMQM) with
the multidimensional wave function being solved by One Supermind.
The big trouble with OMQM is that the wave function does not represent any physical quantity, only a probability which has no physical representation, a fact which has made quantum mechanics into a deeply mystical
subject beyond the comprehenion of human minds, as witnesses by many
Nobel Laurates of Physics: Quantum mechanics cannot be understood but
is nevertheless very useful.
On the other hand, the collection of one-electron wave functions of MMQM
has a direct physical meaning. This book explores this approach with the
hope of reducing the mystery by making of quantum mechanics both understandable and useful.
The book also presents a many-minds approach to relativity theory with
the hope of finding a unified many-minds model including both gravitation
and quantum mechanics.
1
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Chapter 1
Quantum Mechanics
With very few exceptions (such as Einstein and Laue) all the rest
of the theoretical physicists were unadulterated asses and I was the
only sane person left...The one great dilemma that ail us... day and
night is the wave-particle dilemma... So unable is the good average
physicist to believe that any sound person could refuse to accept the
Copenhagen oracle.. (Schrödinger in a letter to Synge 1959)
Niels Bohr brainwashed a whole generation of theorists into thinking
that the job of interpreting quantum theory was done 50 years ago.
(1969 Nobel Laureate Murray Gell-Mann)
In general the many-electron wave function ψ(x1 , ..., xN ) for a system
of N elextrons is not a legitimate scientific concept when N ≥ N0 ,
where N0 ≈ 102 − 103 . (Walter Kohn Nobel Lecture 1998)

1.1

Schrödinger and his Equation

Quantum Mechanics based on the Schrödinger equation was developed by
Erwin Schrödinger in four revolutionary articles in the Annales de Physique
1926 in an outburst of creativity (inspired by the ingenious thesis of de Broglie
[47]), which gave Schrödinger the Nobel Prize in 1933, shared with Paul
Dirac. Solutions to the Schrödinger equation are referred to as wave functions. It appears that a vast amount of physics on atomic scales can be
described by wave functions, but the physical interpretation of Schrödinger’s
wave functions has remained a mystery. In the Copenhagen Interpretation
proposed by Born, and propagated by Bohr and Heisenberg, the square of
5
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the modulus of the wave function is interpreted as a probability density indicating the probability of a certain configuration of electrons and atomic
kernels viewed as “point particles” without extension in space, an interpretation never accepted by the inventor Schrödinger himself.

1.2

The Copenhagen Interpretation

In Computational Thermodynamics I argue that statistical considerations in
thermodynamics create more problems than they solve, and thus run the risk
of representing pseudo-science in the sense of Popper. The same argument
applies to the Copenhagen Interpretation of quantum mechanics, and both
Schrödinger and Einstein passed away without being convinced, despite a
(very) strong pressure from the physics community. However, lacking an
alternative, the Copenhagen Interpretation has become an accepted “truth”
presented in (almost) all text books in quantum mechanics, although a recent
poll (at a 1997 UMBC quantum mechanics workshop) gave it less than half
of the votes [79].
Stimulated by the failing belief in statistical quantum mechanics indicated
by the poll result, we now proceed to present an alternative to the Copenhagen interpretation, which is free of statistics, and which we will refer to as
Many-Minds Quantum Mechanics (MMQM), in a paraphraze to the ManyWorlds Interpretation proposed by Everett in 1957, which scored second in
the poll. MMQM is closely related to the Hartree-Kohn electron density approach [115], and connects to Kohn’s standpoint that a many-electron wave
function is not a “legitimate scientific concept”, in other words, simply does
not exist.

1.3

Information Flow of Quantum Mechanics

MMQM uses the general idea of information flow presented above, in a new
approach to the quantum mechanics of a system of electrons with negative
charge evolving in time subject to electrostatic Coulomb forces from mutual
interaction and from a set of positively charged atomic kernels, assumed to
start with to be fixed as in the Born-Oppenheimer model. We attribute to
each electron a (very simple) “mind” through which each electron can register
electric potentials and move accordingly. We thus do not give any outside
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observer or surveyor the job of telling the electrons what to do, or simply
precribe that the Schrödinger wave equation should be obeyed no matter
how, but allow the system to evolve “freely” with each electron doing its
best registering electric potentials and moving accordingly. In the MMQM
model the electron system is described by a set of wave functions, one for
each electron, each of which represents an average of the classical complete
wave function containing all possible particle interactions, and which satisfies
a one-electron version of the Schrödinger equation. We will argue that the
complete wave function is fictional and as such “does not exist”, while the
set of individual averages thereof in MMQM, do exist as a reflection of the
existence of the (freely) interacting electron system.

1.4

The MMQM Interpretation

MMQM invites to a natural deterministic physical interpretation (of the
square of the modulus) of the wave function for each electron as the density
or “presence” in space time of the electron. Together the electron wave functions thus form a deterministic electron density in the spirit of Hartree and
Kohn. In contrast, the complete wave function seems impossible to interprete
derministically and the only way out seems to be the statistical Copenhagen
Interpretation with all its complications. We avoid all these difficulties simply
by not at all speaking of the (probably non-existent) complete wave function,
following Wittgenstein’s device to keep quite of which you cannot speak.
MMQM is like a many-minds interaction of a group of human beings,
with each human mind having its own perception of the full interaction, as
a form of blurred average of a fictional unknown complete “wave function”
expressing the totality of all interactions. We can also interprete MMQM
as representing a “free democratic society” of individuals taking individual
decisions based on individual experience, as compared to a totalitarian society with each individual required to (somehow) follow the dictate of one
Leader (having full information of all interactions through an ideal KGB or
Stazi). Evidence of the existence of democratic societies is abundant, while
totalitarian systems seem to be in quick transition to non-existence (or have
already ceased to exist).

8

1.5

CHAPTER 1. QUANTUM MECHANICS

Schrödinger’s Cat

Classical quantum mechanics is based on the existence of complete wave
functions as solutions to the Schrödinger equation, with the linearity of the
equation playing an important role, in particular suggesting that quantum
states can be linearly superimposed. This led to the famous Schrödinger
cat paradox with a cat in a box being in a combined superimposed state of
both life and death, until a final verdict is given by simply an observation
by opening the box. The cat would thus be neither dead nor alive prior
to observation, but sort of half-dead and half-alive and only by the act of
observation would become fully dead or fully alive in what Heisenberg called
a “collapse of the wave function”. Schrödinger constructed his cat paradox
to show that a careless use of quantum mechanics could lead to absurdities,
way beyond the supposed 9 lives of a cat.

1.6

Quantum Computers?

Today Schrödinger’s cat has come back in the form of projected quantum
computers supposedly being able to perform many parallel computations
by superimposing many quantum states and using a final observation to
select useful information. Quantum computers are based on the existence
of complete wave functions, which may not exist for many-electron systems,
and therefore it is not (at all) clear that a quantum computer can be brought
to existence, (except very simple ones consisting of a few so called quantum
bits or qubits).

1.7

Hartree and Kohn-Sham Methods

In the classical Hartree method [116] the Schrödinger equation is replaced
by a system of one-electron equations, which may be viewed as a form of
MMQM (with central field approximations). The individual wave functions
represent different mean value approximation in space of a (possibly nonexistent) full wave function, and together form an approximate solution to
the Schrödinger equation, from which typical macroscopic outputs such as
energy levels and electron densities can be computed. The Hartree method
has been used extensively apparently with good results. A related successful
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method is the electron-density method by Kohn-Sham, for which Walter
Kohn got the Nobel Prize in 1998 [115].

1.8

Outline

We now proceed to present a MMQM model for a multi-electron system,
starting with the Schrödinger equation for the one-electron Hydrogen atom
and the two-electron Helium atom. We also present a model for radiation
which is a quantum mechanical analog of the model for black-body radiation
considered above. For simplicity we do not take electron spin into account.
(It may be that spin can be left out altogheter from the discussion, as well as
the Pauli exclusion principle not allowing two electrons with the same spin
to have overlapping wave functions).

10
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Chapter 2
Hydrogen Atom
2.1

Schrödinger’s Equation

The Schrödinger equation for the Hydrogen atom takes the form:
ih̄ψ̇ + (

h̄2
∆ + V )ψ = 0 in R+ × R3 ,
2m
ψ(0, ·, ·) = ψ 0 in R3 .

(2.1)

where ψ(t, x) is the (complex-valued) wave function, ∆ is the Laplacian with
respect to x, and
V (x) =

e2
|x|

is the Coulomb potential modeling the interaction of the negative electron
with the positive proton kernel. Here h̄ is Planck’s (reduced) constant, m is
the electron mass, and e the elementary charge. We normalize to h̄2 /m = 1
and e2 = 1 using customary atomic units in which case (2.1) takes the form:
1
iψ̇ + ( ∆ + V )ψ = 0 in R+ × R3 ,
2
ψ(0, ·, ·) = ψ 0 in R3 .
with V (x) =

1
.
|x|

11

(2.2)
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Radiating Hydrogen Atom

A Hydrogen atom absorbing energy from a given forcing f and radiating
energy into a surrounding vacuum, can in the spirit of the model for blackbody radiation above, be modeled by
...
1
iψ̇ + ( ∆ + V )ψ − γ ψ − δ 2 ∆ψ̇ = f in R+ × R3 ,
2
ψ(0, ·) = ψ 0 in R3 ,

(2.3)

...
where the term −γ ψ represents radiation with dissipation intensity γ|ψ̈(x, t)|2 ,
−δ 2 ∆ψ̇ represents a G2 stabilization with dissipation intensity δ 2 |∇ψ̇|2 , and
we assume that γ << δ 2 ∼ 1. We note the basic energy balance (with f = 0):
∫
∫
∫
1d
2
2
|∇ψ| dx +
γ|ψ̈| dx +
δ 2 |∇ψ̇|2 dx = 0,
4 dt R3
3
3
R
R
exhibiting the radiation and G2 dissipation.

Chapter 3
Helium Atom
3.1

Schrödinger’s Equation

The Schrödinger equation for the two-electron Helium atom takes the form:
Find ψ(t, x1 , x2 ) such that
1
1
iψ̇ + ( ∆1 + ∆2 + V1 + V2 − V12 − V21 )ψ = 0 in R+ × R3 × R3 ,
2
2
ψ(0, ·, ·) = ψ 0 in R3 × R3 ,

(3.1)

where ∆j is the Laplacian with respect to xj , and
Vj (xj ) =

2
,
|xj |

Vjk (xj , xk ) =

1
,
2|xj − xk |

j, k = 1, 2,

are the Coulomb potentials modeling the interaction of the two electrons with
the kernel (consisting of two protons and two neutrons), and with each other
with the factor of 2 in the denominator coming from the repeated appearance
of the interaction potential with V12 + V21 = 1/|x1 − x2 |.
We note that the wave function ψ(t, x1 , x2 ) has two space variables x1
and x2 both ranging over R3 , and thus has a space dependence over R6 . For
N electrons the space variables range over R3N , which makes computational
(and also analytical) solution of the Schrödinger equation impossible for a a
many-electron system.
13
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MMQM for Helium

MMQM for the Helium atom takes the form of the following system of equations in R3 : Find ψj (t, x) for j = 1, 2, such that
1
iψ̇1 + ( ∆ + V − W12 )ψ1 = 0,
2
1
iψ̇2 + ( ∆ + V − W21 )ψ2 = 0,
2

in R+ × R3
(3.2)
in R+ × R ,
3

where
∫

|ψ2 (t, y)|2
dy,
2|x − y|
∫
|ψ1 (t, y)|2
W21 (t, x) =
dy,
2|x − y|
W12 (t, x) =

2
. Here electron j is
∆ is the Laplacian with respect to x, and V (x) = |x|
2
described by the wave function ψj (t, x) with |ψj (t, x)| a weight representing
the “density” of electron j at (t, x). To compute W12 (t, x) it is cost effective
to solve the Poisson equation ∆W12 = 2π|ψ2 (t, ·)|2 , and simililarly for W21 .
We notice that the MMQM model (3.2) is a non-linear “multi-species”
system of wave functions ψj (t, x) defined R+ × R3 and t > 0, where each electron solves its own equation integrating over the influence of the other electron in the spirit of the Hartree method. We compare with the Schrödinger
equation, which is a linear equation in a scalar wave function ψ(t, x1 , x2 ) defined on R+ × R3 × R3 . We understand that the computational complexity
of MMQM is much smaller than that of the full Schrödinger equation. If
each space dimension is discretized into n cells, MMQM requires 2n3 and
Schrödinger n6 cells, and for large n the difference is large.
Since the potentials V and Wj are real, the solutions of (3.2) are easily
seen to satisfy
∫
d
|ψj (t, x)|2 dx = 0
for t > 0,
dt

which justifies the interpretation of |ψj (t, x)|2 as a weight indicating the
“presence” of electron j, with the normalization
∫
|ψj (t, x)|2 dx = 1
for t > 0.

3.3. MMQM FOR THE GROUND STATE OF HELIUM

15

We may view the MMQM model (3.2) as a an alternative to Schrödinger’s
equation (3.1). To find a relation between the two models, we multiply the
first equation in (3.2) by ψ2 and the second by ψ1 and add up to get for
ψ(x1 ) = ψ1 (x1 )ψ(x2 ):
1
1
iψ̇ + ( ∆1 + ∆2 + V1 + V2 − W12 − W21 )ψ = 0.
2
2
If the electrons are localized at x̄1 and x̄2 at time t, we have
W1 (t, x1 ) ≈

1
,
2|x1 − x̄2 |

W2 (t, x2 ) ≈

1
2|x̄1 − x2 |

and thus
W12 + W21 ≈ V12 + V21 .
Thus, there is an obvious connection between the two models, with the
Schrödinger wave function being a product of MMQM one-electron wave
functions.
Since Schrödinger’s equation is an ad hoc model, which is not derived from
a more basic model, it may as well be possible to start from an ad hoc model
of the MMQM form. If (as we expect) the MMQM system can be solved,
while Schrödinger’s equation cannot, the question of the relation between
solutions of the two models does not come up in practice. We may check to
what extent a product of MMQM one-electron wave functions satisfies the
Schrödinger equation, and take the residual as a measure the existence of full
wave function (which may not exist).

3.3

MMQM for the Ground State of Helium

The ground state for the Helium MMQM model (3.2) is the pair of stationary
wave functions (ψ1 , ψ2 ) which minimize the total energy
E(ψ1 , ψ2 )
∑∫
∑∫ 1
|ψj (xj )|2 |ψk (xk )|2
2
2
dxj dxk ,
=
( |∇ψj | − V |ψj | )dx +
2|x
−
x
|
3 ×R3
3 2
j
k
R
R
j
j̸=k
where 12 |∇ψj |2 represents the intensity of the kinetic energy of electron j.
Using spherical coordinates x = (r sin(φ) cos(θ), r sin(φ) sin(θ), r cos(φ)) assuming rotational symmetry around the x3 axis with independence of θ, we

16
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have with Q = R+ × [0, π]
E(ψ1 , ψ2 ) = π
− 2π

∑∫
j

∑∫
j

|ψj,r | r sin(φ)drdφ + π
2 2

Q

|ψj |2 r sin(φ)drdφ +

Q

∂ψ

∑∫
j̸=k

R3 ×R3

∑∫
j

|ψj,φ |2 sin(φ)drdφ

Q

|ψj (xj |2 |ψk (xk )|2
dxj dxk ,
2|xj − xk |

∂ψ

where ψj,r = ∂rj and ψj,φ = ∂φj .
For minimizing wave functions (ψ1 , ψ2 ), we must have by symmetry across
the plane x3 = 0, that
ψ1 (r, φ) = ψ2 (r, π − φ).
Assuming both ψ1 and ψ2 are one-electron symmetric wave functions (independent of φ) of the form ψj ∼ e−r , we obtain according to [99] E = −2.85,
while the actual value is claimed to be −2.90. This indicates that E(ψ1 , ψ2 )
can be made smaller by allowing the electrons to be unsymmetric with ψ1
primarily localized to the half-space x3 > 0 and ψ2 to x3 < 0, thus with a
dependence on the angle φ, resulting in a decrease of interaction energy and
an increase of kinetic energy, probably with an overall decrease of the total
energy.
The total energy minimization problem is equivalent to the following nonlinear eigenvalue problem: Find the smallest real number E such that the
system
1
( ∆ + V − Wj )ψj = Eψj j = 1, 2,
2
admits a non-zero solution (ψ1 (x), ψ2 (x)). Since E is real, this system decouples into the real and imaginary part of the same form. Some simple
iterative strategy solving a sequence of linear eigenvalue problems could lead
to a solution.
Solving the minimization probem numerically, we obtain.....We see as expected that the wave functions are unsymmetric with electron 1 primarily localized to x3 > 0 and ψ2 to x3 < 0. We see that the MMQM solution violates
Pauli’s exclusion principle in the sense that the wave function ψ1 (x2 )ψ2 (x2 )
is neither symmetric nor antisymmetric with respect to interchange of x1 and
x2 . Yet the MMQM solution gives the correct value E = −2.90??????

3.4. MMQM FOR THE HYDROGEN MOLECULE H2

3.4
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MMQM for the Hydrogen Molecule H2

A Hydrogen molecule consists of two protons held together by two electrons
in a so-called covalent binding. An MMQM approach indicates that one of
the electrons will take a central position between the two proton kernels, and
the other electron will take an outer position around the kernels. The central
electron will act like a spring force pulling the protons together, a force which
will be balanced by the repulsion between the protons. The outer electron
will act like a shield repelling other hydrogen molecules.
We show the MMQM electron densities in Fig ...

18
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Chapter 4
Many-Electron Systems
MMQM directly generalizes to an arbitrary number of electrons and kernels,
and takes the following form in the case of one positive kernel (fixed at the
origin) with charge N and N electrons: Find ψj (t, x) for j = 1, .., N, such
that for j = 1, ..., N ,
1
iψ̇j + ( ∆ + V − Wj )ψj = 0, in R+ × R3 ,
2
∑ ∫ |ψk (t, y)|2
Wj (t, x) =
dy, x ∈ R3 , t > 0
2|x
−
y|
3
k̸=j R

(4.1)
(4.2)

N
where V (x) = |x|
. We note that Wj is the potential of the charge distribution
∑
2
k̸=j |ψk | of all the electrons except electron j. We see that (4.1) is oneelectron Schrödinger equation for electron j with the potential Wj resulting
from the sum of the charge distributions for electrons k ̸= j.
We write may write MMQM alternatively in the form: Find ψj (t, x) for
j = 1, .., N, such that for j = 1, ..., N ,

1
iψ̇j + ( ∆ + V − Wj )ψj = 0, in R+ × R3 ,
2
δ ẇj − ∆wj (t, ·) = −2π|ψj (t, ·)|2 , in R × R3 ,
∑
Wj =
wk ,

(4.3)

k̸=j

where δ ≥ 0 is a relaxation parameter. We note that MMQM in the form
(4.1) involves only locally acting differential operators, and thus is analogous
to the to the alternative gravitational model considered in [12].
19
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To connect to the Schrödinger equation, we multiply (4.1) by ψk for k ̸= j
and sum over vj to get for ψ(x1 , ..., xN ) = ψ1 (t, x1 )...ψN (t, xN ):
iψ̇ +

∑ 1
( ∆j + Vj − Wj )ψ = 0,
2
j

where Vj (xj ) = N/|xj |, and with the same argument as above, we may expect
that
∑
1
Wj (t, xj ) ≈
≈ Vjk ,
2|x
j − x̄k |
k̸=j
and thus a MMQM solution may be viewed as an approximate solution of
the full Schrödinger equation:
∑1
∑
∑
ıψ̇ + (
∆j +
Vj −
Vjk )ψ = 0.
2
j
j
k̸=j
The computational complexity of MMQM is N n3 with n cells in each
space dimension, while that of the full Schrödinger equation is n3N , and
the difference is enormous: The full Schrödinger equation for n and N of size
102 −103 , which covers a large range of applications, is completely intractable,
while MMQM appears completely tractable.
A time-periodic MMQM solution of the form exp(iEt)(ψ1 (x), ..., ψN (x)
with angular frequency E solves the non-linear eigenvalue problem
1
( ∆ + V − Wj )ψj = Eψj
2

j = 1, ..., N,

where E is the eigenvalue and ψ1 , ..., ψN , the corresponding eigenfunctions.

Chapter 5
Pauli’s Exclusion Principle
An MMQM set of wave functions (ψ1 , ..., ψN ) for an N -electron system cannot
be expected to satisfy Pauli’s Exclusion Principle (PEP) demandingthat the
product wave function ψ = ψ1 (x1 )....ψN (xN ) is symmetric or antisymmetric,
that is, any interchange of two coordinates xj and xk would correspond to
multiplying ψ by ±1. Thus, we see no reason to believe that N -electron
systems obey PEP, just as there is no reason to believe that the interaction
between a set of (equal) human beings must be either symmetric or antisymmetric.

21
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Chapter 6
Radiating Many-Electron
Systems
Combining the above models we obtain the following MMQM model for a
radiating multi-electron system: Find ψj for j = 1, .., N, such that
...
1
iψ̇j + ( ∆ψj + V ψj − Wj )ψj − γ ψ j − δ 2 ∆ψ̇j = f,
2
∫ ∑

where
Wj (t, x) =

in R+ × R3 ,

j = 1, ..., N,
(6.1)

|ψk (t, y)|2
dy.
2|x − y|

k

The total dissipation from radiation and computation is now
∑∫
(γ|ψ̈j |2 + δ 2 |∇ψ̇j |2 dx.
j

6.1

R3

Radiating Many-Atom Systems

We can naturally generalize to a multi-atom system allowing also the kernels
to move in order to account for temperature effects, e.g. instance by using
a classical Newtonian model for the kernels and a quantum model for the
electrons. Such a model should have a considerable range of applicability.

23
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Chapter 7
Model Problem
We consider the following model problem in one space dimension: Find
ψ(t, x1 ) = (ψ1 (t, x1 ), ..., ψN (t, xN )) such that
1
iψ̇j + ψj′′ + V ψj − Wj ψj = 0,
2

in R+ × (−1, 1),

j = 1, ..., N,

(7.1)

where
Wj (t, x) = ∞ if ψk (t, x) ̸= 0 for some k ̸= j,
Wj (t, x) = 0 else,
V (x) = δ0 for |x| ≤ ϵ,
V (x) = −∞ for |x| > 1,
where δ0 is the delta-function at x = 0, and ψj′ = dxj . This corresponds
to an extreme form of repulsion between electrons and attraction from the
kernel at the origin. The ground state ψ is defined as a solution to the
time-independent minimization problem
∑∫ 1 1
1
min
(
|ψj′ |2 dx − |ψj (0)|2 ),
ψ1 ,...,ψN
2
−1 4
j
dψ

where the functions ψj (x) have disjoint supports, satisfy the∫boundary conditions ψj (−1) = ψj (1) = 0, and the normalization condition |ψj (x)|2 dx = 1.
If N = 1, then the wave function ψ = ψ1 is symmetric around x = 0 and
has the form α sin(βx) for x > 0 for certain constants α and β, with a “kink”
(discontinuity of ψ ′ ) at x = 0.
25
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If N = 2, then both wave functions ψ1 and ψ2 are of the form α sin(βx)
with the support of ψ1 equal to [−1, 0] and the support of ψ2 equal to [0, 1].
The corresponding product wave function ψ(x1 , x2 ) = ψ1 (x1 )ψ2 (x2 ) is neither
symmetric nor anti-symmetric, and thus violate the PEP.
If N > 3, then ψ1 is symmetric around x = 0 and ψ2 and ψ3 ) are restricted
to x > 0 and x < 0, respectively. Again PEP is violated.

7.1

Comparison with EG2

MMQM and EG2 are methods for computating approximate solutions to
the the Schrödinger equation and the Euler equations, which do not seem
to admit exact solutions. MMQM and EG2 approximate solutiopns thus do
exist and can provide useful information, while exact solutions probably do
not exist and in any case are uncomptable and thus cannot provide useful
information.

7.2

Connection to Leibniz Monads

We cannot refrain from making a connection to Leibniz Monad Theory, which
may be viewed as an early version of a MMQM. A Leibniz monad is like an
elementary particle such as an electron. According to Leibniz, each monad
has its own (blurred) perception of the other monads and is acting accordingly. Only God can collect the totality of all perceptions, and he keeps it
for himself, letting each monad do its best on its own, in a form of MMQM.

Part II
Many-Minds Relativity
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Chapter 8
Special Theory of Relativity
Space is the order of coexistence, and time is the order of succession
of phenomena. (Leibniz)
Why is it that nobody understands me, and everybody likes me? (Einstein in New York Times, March 12, 1944)

8.1

Information Flow in Gravitational Systems

As another basic example of the aspect of information flow in physics, we now
present a new approach to relativity theory, where we resolve the apparent
contradiction of the independence of the speed of light to both the speed of
the source and the receiver, in a different way than Einstein did in his theory
of special relativity in 1905. The new approach of Many-Minds Relativity
(MMR) can be viewed as an analog of the MMQM approach to quantum
mechanics sketched above.
The theories of relativity and quantum mechanics are viewed as the founding pillars of modern physics, although they have shown to be difficult to combine into a unified field theory. The theory of special relativity was proposed
by Einstein in the manuscript On the electro-dynamics of moving bodies [40]
submitted to Annalen der Physik in June 1905, a publication which was first
completely ignored by the scientific community but was then brought to the
center of discussion by Planck with the motivation: “For me its appeal lay in
the fact that I could strive toward deducing absolute, invariant features following from its theorems”. Einstein himself quickly turned away from special
29
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relativity to the challenge of general relativity, which after a long struggle he
presented in November 1915.
The essence of special relativity is to connect observations in different
inertial coordinate systems moving with constant speed with respect to each
other, by the Lorentz coordinate transformation. Einstein claimed in [40]
that a clock moving with respect to an observer would appear to run slow as
compared to an identical clock fixed to the observer in a new form of physics
of time dilation. Special relativity contains the twin paradox with two twins
moving with respect to each other, and each twin considering the other twin
to age more slowly (probably with some envy). Since it is physically and
logically impossible for each of two twins to be younger than the other, a
contradiction can only be avoided by viewing the time dilation of special
relativity as an illusion and not a real effect. In the same way as two people
of the same length looking at each other at distance, both may have the
illusion that the other is smaller. In 1916 Einstein [83, 11] admitted that the
twin paradox was “unresolvable within special relativity”.
Despite the seemingly inevitable conclusion from the twin paradox that
special relativity is either contradictory and thus non-scientific, or just an
illusion, it has remained into our days as the physics theory par excellence,
and an ideal source for science fiction.
Special relativity has been criticized seriously by many physicists over the
years and the twin paradox is just one of several unresolved contradictions
of the theory [83, 87] including the ladder and the barn paradox, Ehrenfest’s
space rocket paradox and the spinning disc paradox. In the 1950s the twin
paradox was again brought to the forefront by the physicist Herbert Dingle
[2, 3] resulting in heated debates in the scientific journal Nature, without any
reconciliation. Mueller [10] has compiled a list of 3700 critical publications
in a furious crusade against special relativity available from www.ekkehardfriebe.de. The physics community generally has met the criticism with silence
and instead claims that special relativity serves as a theoretical basis of everything from the atomic physics of nuclear weapons over the GPS-system
to the large scale structure of the Universe, and thus cannot be questioned
by the physics community and certainly not by non-physicists.
Special relativity presents a completely new view on the fundamental
concepts of space and time using only elementary mathematics, which is
truely amazing but for an applied mathematician seems too good to be true.
We present here an alternative approach which may too true to be good. In
any case, our ambition is modest and is just to follow up on the many-minds
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idea in relativity, and possibly stimulate some discussion. The mathematics
of special relativity is so elementary that almost anybody could form an
opinion.

8.2

Special Relativity as a One-Mind Theory

We know that the geo-centric view of the World with the Earth in the center
was replaced by Galileo by a helio-centric view with the Sun in the center,
while astronomers of today see no center at all in an expanding Universe
of hundreds of millions of galaxies moving away from each other with ever
increasing velocity, which can be described as a many-centers or no-center
view.
Thus, physics has given up geo-centricity for a many-centers or no-center
view, but has kept a principle of objectivity in the form of objective observations by objective observers of an objective reality. Each observer uses one
or several coordinate systems, and so the observations in different coordinate
systems by one observer or by several observers, may come out differently,
but must conform to a unique existing objective reality. Specifically, a basic
principle is that of a one-mind view of an ideal physicist capable of making
conforming observations in different coordinate systems of a unique objective
reality.
This is of course a desirable feature of a scientific theory, and may be
maintained in many cases, but special relativity came out as an attempt to
combine this principle with the observations that (i) the speed of light is
independent of the speed of the source and observer, and (ii) it is impossible
to detect any motion through any medium (referred to as an aether ) through
which light would propagate with constant velocity. Einstein thus developed
special relativity in order to combine a one-mind view with (i) and (ii).
Einsteins resolution boils down to the Lorentz transformation, used before Einstein by Lorentz and Poincaré, claimed to connect space-time observations by one observer or one-mind in different inertial systems with effects
of length contraction and time dilation in coordinate systems moving with
respect to the observer. The accepted “truth” today within the physics community is that these effects are real and not just illusions from coordinate
transformation (in opposition to Max Born [87]), while Einstein’s standpoint
1911 was ambigous: “The question whether the Lorentz contraction does or
does not exist is confusing. It does not really exist in so far as it does not
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exist for an observer who moves (with the rod); it really exists, however, in
the sense that it can as a matter of priniciple be demonstrated by a resting
observer”. Obviously, Einstein here states that the space and time contraction of special relativity is a matter of principle forced upon us by pure logic
and thus is not a matter of falsifiable physics.
In [?] we present a more detailed critical analysis of special relativity and
Einstein’s interpretation of the Lorentz transformation.

Chapter 9
Many-Minds Relativity
In Many-Minds Relativity I propose a different approach to reconcile (i) and
(ii), which we refer to as a many-minds view, or alternatively as a no-mind
view, where the coordinate system used by an observer always is fixed to
the observer and the question of comparison to observations in a moving
different coordinate system does not appear, or there is no observer at all.
The result is that different observers fixed to different coordinate systems
moving with respect to each other, may get partly different perceptions of
space by using different length scales, but not of time which they share. In
particular, twins in different inertial systems will age equally fast, and the
twin paradox disappears. We claim that a many-minds view is more realistic
than a one-mind view in the sense that there is no reason to believe that
observations by humans in a coordinate system fixed to the Earth, or our
Solar system or our galaxy, will be in full conformity with observations by
humans in a coordinate system fixed to a planet or planetary system in a
far away galaxy, the latter anyway being impossible to perform. Further,
the no-mind view describes an existing reality without any human observers,
reflecting that presumably Earth would orbit around the Sun even without
human observations, in which case it still remains to explain what makes the
Earth orbit as it does.
The many-minds view for relativity proposed here connects to the manyminds view of quantum mechanics advocated in [8], where each electron is
left to solve it’s own version of the Schrödinger equation (as in the KohnSham density method), which opens the possibility of a unified many-minds
field theory including both gravitation and quantum mechanics.
We start with an observer fixed to the origin O of a coordinate axis with
33
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coordinates denoted by x. We thus think of a, for simplicity one-dimensional,
universe consisting of (pointlike) objects which may move along the x-axis.
We assume that each point of the x-axis is equipped with a standard cesium
clock showing the same time in the same time unit of seconds s with one
second equal to 9192631770 clock cycles. We follow the 1983 SI standard of
Conference Generale des Poids et Measure to define the length scale along
the x-axis to be meters m, with one meter being the distance traveled by
light in 0.000000003335640952 seconds or 9192631770/299792458 cycles of a
cesium clock. More precisely, we mark along the x-axis points with x = ±1,
x = ±2,..., as points from which a light signal takes t = 1 s, t = 2 s,...,
to reach the origin from either direction. Instead of meters as length scale
we may use light-seconds with one light-second being the distance in meters
traveled by light in one second, that is 2.999792458 · 108 m, that is the speed
of light c = 2.999792458 · 108 m/s ≈ 3 · 108 m/s. Of course, this makes the
constancy of the speed of light equal to c = 1 ligth-seconds/s a matter of
definition, and not experimental observation of any existing physical reality.
In particular, the speed of light will be the same (equal to c) in both directions
of the x-axis, which is consistent with a null result in a Michelson-Morley
experiment to detect motion with respect to an aether.
An observer fixed to O will thus receive light signals (from both directions)
which by definition travel with the constant speed c. This conforms of course
with a model of light as wave propagation in an aether medium fixed to the
x-axis, that is at rest with respect to the observer, but we do not assume
that light has this nature.
Let now an object like a rocket R move towards the origin O along the
x-axis with a certain velocity v m/s, and let an observer at the origin receive
light continuously sent out from R of say frequency 1. We assume that the
light signal also carries the information of the time at which the signal was
sent from the rocket (like in the GPS-system). We also assume that the
received frequency f at the origin O is given by
f=

c
1
=
,
c−v
1 − vc

(9.1)

which corresponds to the standard Doppler shift conforming with a model
of light propagating with constant speed c along the x-axis in an aether at
rest (but again we don’t make this assumption). It amounts to a blue-shift
for a rocket approaching the origin (with v > 0) and a red-shift for a rocket
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moving away from the origin with (v < 0). It is possible to postulate a
different Doppler shift dependence on velocity, if experiments so motivate.
The observer fixed at the origin O now observes the frequency f as well
as the time of arrival of the signal, from which the velocity v of R can be
computed as well as the duration t of the travel of the signal and thus the
distance d to R in light-seconds (at the time when the light signal was sent
from R). The observer at the origin thus computes the velocity v of R and
distance d to R, from measuring the frequency f and time duration t of the
received light signals. This computation is of course consistent in the sense
that the time to encounter of R with O is equal to vd = vc t.
Let us now change view and fix the observer and the x-axis to the rocket
R and let the observer receive light signals sent out from the original origin
O now moving with respect to the new x-axis, assuming that the light signals
travel with constant velocity c along the new x-axis. We then have a fully
analogous situation to the previous one, and we thus may assume that the
observations of frequency and time lag and computed velocity v and distance
d, will be the same. That the time lag will be the same for any two observers
communicating by light signals, that is that they will agree on their mutual
distance in light-seconds, will have to be tested experimentally, and for the
discussion we assume that tests are confirmative.
We conclude that two observers fixed to two coordinate systems moving
with constant velocity with respect to each other, will agree on their relative
velocity and mutual distance (and time of encounter), both assuming that
they receive light signals traveling with the same constant speed in their
own coordinate system. We note that in this case there is no conventional
model of wave propagation through a medium which conforms with both
observers point of view, since both conform to models of wave propagation
in a medium at rest, and the two observers move with respect to each other.
We thus have an example of a many-minds view, without a (known) common
objective reality; each observer would have the impression to “drag the aether
along” and so there would be “no common aether”.
We may generalize to a many-minds model in the form collection of N
observers with observer j = 1, ..., N, fixed to the origin of an xj -axis moving
with constant speed with respect to the other observers and their coordinate
axes. We assume as above that the different observers observe the frequency
and time duration of received signals sent out from all the others, assuming
the same speed of light in all coordinate systems, and then compute velocities
and distances. We then note that each pair of observers will agree on their
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common relative velocity and mutual distance (and time of encounter).

9.1

Composite Doppler Shifts

We first consider the issue of composite Doppler shifts corresponding to two
rockets R1 and R2 approaching an observer at the origin O with v1 > 0 the
velocity of R1 vs O and v2 > 0 the velocity of R2 vs R1. Let d1 the distance
from R1 to O (as viewed by observers fixed to O and R1) at initial time,
and d2 the distance from R2 to R1 (as viewed by observers at R1 and R2) at
initial time. For simplicity of discussion, assume that d1 = v1 and d2 = v2 ,
so that after time t̄ = 1 both rockets encounter at O.
It is now natural to assume that light signals from R2 passing R1 (possibly
with some amplification but not any change of frequency), will be received
at O with the composite frequency
f=

1
1
.
v1
1 − c 1 − vc2

(9.2)

The observer at O would then compute the velocity of R2 relative to O
according to (9.1) to be
v1 v2
v̄ = v1 + v2 −
,
(9.3)
c
and could thus from the time t̄ = 1 of encounter compute the distance from
O to R2 to be
v1 v2
.
d¯ = v1 + v2 −
c
Alternatively, the observer at O would measure the time duration of a light
signal from R2 to be
d2 d1 − dc2 v1
t̂ =
+
c
c
and thus would find the distance from O to R2 to be
d2 v1
d¯ = d2 + d1 −
,
c
as desired from consistency point of view.
However, an observer at R1 would estimate the distance between O and
R2 to be d1 + d2 > d¯ and the velocity of R2 relative to O to be v1 + v2 > v̄,
and thus observers at O and R1 would have different opinions on the velocity
and distance of O vs R2.

9.2. LENGTH SCALE CONTRACTION/EXPANSION
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We note that the composite velocity v̄ according to (9.3) satisfies 0 < v̄ <
c if 0 < v1 , v2 < c. We further note that the composite Doppler shift (9.2) is
symmetric in the velocities v1 and v2 .
The formula (9.3) also holds for v1 < 0 and v2 < 0 with R1 and R2
receding form the observer at O, in which case −v̄ > −(v1 + v2 ) allowing
−v̄ > c. A rocket thus can recede from O with a speed larger than c, but
approach only with a speed less than c.

9.2

Length Scale Contraction/Expansion

Suppose two observers O1 and O2 meet at t = 0 and receive a light signal
from a rocket R marked by the time t = −d seconds giving both O1 and
O2 the impression that R is d light-seconds away. Suppose further that R
approaches O1 with speed −v1 < 0 and O2 moves with respect to O1 with
speed v2 > 0. O1 will then perceive O2 and R to approach each other with
speed v1 + v2 , while O2 (or an observer at R) in the meter scale m1 of O1
will perceive R to approach O2 with the composite speed v̄ = v1 + v2 − v1 v2
according to (9.3), assuming here that c = 1. The time to encounter of O2
d
and R as perceived by O1 is equal to v1 +v
and thus O2 must perceive the
2
¯
distance d to R in the meter scale m1 of O1 to be
d¯ =

d
v1 v2
v̄ = (1 −
)d,
v1 + v2
v1 + v2

a distance which in the meter scale m2 of O2 must be equal to d lightseconds. It follows that O2 must use a light-second meter scale m2 related
to the light-second meter scale m1 of O1 by
m2 = (1 −

v1 v2
)m1 < m1 ,
v1 + v2

with a scale contraction depending on both v1 > 0 and v2 > 0, and m2 = m1
if either v1 or v2 vanishes. We may naturally generalize to any sign of velocity.
We conclude that two observers moving with respect to each other will
use different meter scales defined in light-seconds, which can be viewed as an
effect of length-scale contraction/expansion between different observers. We
emphasize that the contraction/expansion concerns the length scale in space
and is not an actual physical contraction/expansion of space.
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A Michelson-Morley Experiment

The many-minds model is consistent with the observed null results in a
Michelson-Morley experiments, where the times it takes for a light signal
to go in both directions between two points with fixed distance d moving
along the x-axis with a certain speed v, are compared. If there was an aether
fixed to the x-axis through which light did propagate with velocity c, then
d
d
the times would read c−v
and c+v
and thus would give a non-zero result.
Thus the many-minds model is consistent with the observed non-existence of
an aether.

9.4

Relativistic Form of Newton’s 2nd Law

The standard (non-relativistic) form of Newton’s 2nd law for a rocket R
moving with velocity v(t) in a (x, t)-coordinate system with origin O, is
mv̇ = F,

(9.4)

where v̇ = dv
is the acceleration, m is the mass of R, and F is the force
dt
acting on R like gravitation.
We can alternatively formulate Newton’s 2nd law as follows: Let R move
towards an observer at O with positive velocity through negative values of
x. Let t̄ be a given time instant, let v1 = v(t̄) > 0 and let (x1 , t) be a
coordinate system with the x1 -axis moving with the velocity v1 with respect
to the x-axis. Let v2 (t) be the velocity of R with respect to the x1 -axis for
t > t̄. Newton’s 2nd law in the (x1 , t) system takes the form
mv̇2 = F.
Further, the composite velocity v̄ of R with respect to the x-axis given by
(9.3) satisfies, since v̇1 = 0,
1 − vc1
v̇1 v2 v1 v̇2
v1
dv̄
= v̇1 + v̇2 −
−
= (1 − )v̇2 =
F,
dt
c
c
c
m
and we are thus led to the following form of Newton’s 2nd law in the (x, t)system
m
v̇ = F,
(9.5)
1 − vc

9.5. A COMPOSITE MODEL FOR LIGHT PROPAGATION
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where we replaced v1 by the momentary velocity v(t). We see that in this
form of the 2nd law the mass m is modified by the factor 1/(1 − vc ), which
√
2
we may compare with the factor 1/ 1 − vc2 of Einstein’s special relativity.
Similarly, if R is moving with positive velocity v away from O through
positive values of x, then Newton’s 2nd law for an observer at O may take
the form
m
v̇ = F,
(9.6)
1 + vc
with in this case an apparent reduction of the mass.
Choosing F/m = 1 and c = 1, we obtain for an object approaching an
observer at the origin following (9.5), receeding from the origin according to
(9.6), or satisfying the standard 2nd law (9.4):
v(t) = 1 − exp(−t),

v(t) = exp(t) − 1,

v(t) = t,

(9.7)

all similar for small t, but not else.
Which form of the 2nd law is now the more correct one, the standard
(9.4) or the relativistic ones (9.5) or (9.6)? Accelerator experiments seem
to favor (9.5), since acceleration seems to be more demanding as the velocity increases, as if the mass was increasing with velocity. We note that the
standard (9.4) and (9.6) allow any speed to be reached with sufficient acceleration, while with (9.5) only speeds v < c are possible to attain. Thus in
approach only velocities less than the speed of light are possible to attain,
while in recession according to (9.6) any speed appears to be possible.

9.5

A Composite Model for Light Propagation

The composite Doppler shift suggests the following model of propagation
of light from a source R approaching the origin with velocity v > c = 1:
We introduce n − 1 (fictious) intermediate objects with velocities vm/n with
m = 1, ..., n, transmitting light from R with the relative velocity c = 1, where
we choose n so that v/n < 1. This leads to the composite Doppler frequency
f=

1
.
(1 − v/n)n
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Letting n tend to infinity, we have
log(f ) = − lim n log(1 − v/n) = v,
n→∞

and thus the corresponding composite velocity v̄ would be given by
v̄ = 1 − exp(−v) < 1,
valid for all v >> 1, with corresponding length scale factor 1−exp(−v)
. A
v
velocity v > c also in approach thus would seem to be possible, but not
attainable from acceleration according to the 2nd law.

9.6

A No-Mind Gravitational Model

We consider a set (galaxy) of N pointlike objects (stars) Si of mass mi
with i = 1, ..., N , interacting by gravitational forces in three-dimensional
Euclidean space R3 . We adopt the no-mind view letting the galaxy evolve
without the concern of any human observations, assuming that star Sj (somehow) is capable of inducing a gravitational force Fij on star Si with i ̸= j. We
assume each Si changes velocity (and then position) according to Newton’s
2nd law formulated in a coordinate system with origin at the position of Si
at time t, that is,
∑
Fij (t), i = 1, ..., N,
mi v̇i (t) =
j̸=i

where according to Newton’s law of gravitation
Fij (t) = Gmi mj

xi (t) − xj (t)
|xi (t) − xj (t)|3

with xi (t) ∈ R3 the position of Si at time t in the fixed universal coordinate
system represented by R3 , and G is the gravitational constant. We note that
the consistency Fij = −Fji is satisfied if Si and Sj both use a length scale of
light-seconds.

9.7

A Simple Cosmological Model

We now present a simple cosmological model motivated by the observation
that all galaxies we can observe appear to move away from us with a speed
(redshift) proportional to the distance from our own galaxy.

9.8. BASIC ASSUMPTION AND SUMMARY
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We start at time t = 0 with a collection of 2N + 1 unit masses (galaxies)
positioned at i/N with velocity vi = i/N , i = 0, ±1, ..., ±N . This initial
state may be attained from acceleration from zero velocity over the time
span [−1, 0] due to the gradient −x of a pressure p(x) = 1 − x2 /2 satisfying
d2 p
− dx
2 = f ≡ 1 for −1 < x < 1 together with the boundary condition p(−1) =
p(1) = 0. Here f = 1 represents the intensity of a heat source acting over
the time interval [−1, 0], p couples to f through a heat equation, and by the
state equation of an ideal gas, p is proportional to temperature. We thus
may obtain the initial condition from the Euler equations for an ideal gas
with a heat source from a Big Bang nuclear reaction.
Assuming now that the pressure force dissapears for t > 0 and that no
other forces such as gravitation are of importance, the unit masses will then
move away from the origin with constant velocity vi = i/N to reach the
positions xi (t) = tvi for t > 0. Thus, the galaxies will move away from
the origin with a velocity proportional to the distance from the origin, as
observed.

9.8

Basic Assumption and Summary

We assume that each observer (I) is fixed to the origin of a (one-dimensional)
coordinate system and uses a common universal time as measured by a cesium
clock and defines the space length scale in light-seconds, (II) computes the
distance to an object by the time it takes for a signal from the object to
reach the observer, (III) computes the velocity of an object from the received
frequency using (9.1), and (IV) uses the rule (9.3) to compute composite
velocities. We assume that every pair of different observers agrees on their
mutual distance, relative velocity and composite Doppler shifts (and of time),
but not necessarily on other distances or relative velocities. The model may
naturally be extended with Newton’s 2nd Law in the form (9.5) or (9.6) o
formally including relativistic corrections of mass.
The new model based on (I)-(IV) appears to be free of internal contradictions and paradoxes, and thus from scientific point of view should be better
than Einstein’s model with time dilation considered as real and not just an illusionary effect, which leads to paradoxes and contradictions. It appears that
the new model can be extended to a unified field model combining quantum
mechanics and gravitation, which could add to its potential interest.
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Part III
Many-Minds Unified Model
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Chapter 10
Schrödinger-Maxwell Equations
Quantum mechanics and electromagnetics can naturally be combined because charged particles in relative motion generate electrical currents which
generate electric and magnetic fields.
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Chapter 11
Relativistic Quantum
Mechanics
Combining quantum mechanics with Einstein’s special relativity is considered
to be difficult, if not impossible, because Schrödinger’s equation is Galilean
but not Lorentz invariant, and special relativity is based on the Lorentz
transformation. However, a combination with many-minds relativity seems
perfectly natural since many-minds relativity is largely based on Galilean
invariance.

47

48

CHAPTER 11. RELATIVISTIC QUANTUM MECHANICS

Bibliography
[1] Max Born: “Length contraction and time dilation are ways of regarding
things and do not correspond to physical reality”.
[2] Herbert Dingle in Science at the Crossroads (1972): “According to the
theory, if you have two exactly similar clocks, A and B, and one is moving
with respect to the other, they must work at different rates,i.e. one works
more slowly than the other. But the theory also requires that you cannot
distinguish which clock is the ’moving’ one; it is equally true to say that
A rests while B moves and that B rests while A moves. The question
therefore arises: how does one determine, consistently with the theory,
which clock works the more slowly? Unless the question is answerable,
the theory unavoidably requires that A works more slowly than B and
B more slowly than A - which it requires no super- intelligence to see is
impossible”.
[3] Herbert Dingle: “It is ironical that, in the very field in which Science
has claimed superiority to Theology, for example - in the abandoning of
dogma and the granting of absolute freedom to criticism - the positions are
now reversed. Science will not tolerate criticism of special relativity, while
Theology talks freely about the death of God, religionless Christianity,
and so on”.
[4] Albert Einstein, On the electrodynamics of moving bodies, translation
from Annalen der Physik, 17:891, 1905.
[5] Albert Einstein, Preussische Akademie der Wissenschaften, 1916, p 423;
Naturw. 6, 697 (1918): “There is no resolution to the twin paradox within
special relativity”.
[6] Richard Feynman, The Feynman Lectures on Physics, Caltech, 1963.
49

50

BIBLIOGRAPHY

[7] Ron R. Hatch http://egtphysics.net/GPS/RelGPS.htm.
[8] Claes Johnson Many-minds quantum mechanics, to appear.
[9] Lindsay and Margenau, Foundations of Physics, 1936.
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[104] E. Schrödinger, Die gegenwärtige Situation in der Quantenmechanik,
Naturwissenschaften 23: pp.807-812; 823-828; 844-849 (1935): “Now
what is the meaning of the terms ”uncertain”, ”statistics”, ”probability”?
Here Q.M. gives the following account. It takes over unquestioningly from
the classical model the entire infinite roll call of imaginable variables or
determining parts and proclaims each part to be directly measurable, indeed measuravle to arbitrary precision, so far as it alone is concerned. If
through a well-chosen, constrained set of measurements one has gained
that maximal knowledge of an object which is just possible according to
A., then the mathematical apparatus of the new theory provides means

BIBLIOGRAPHY

63

of assigning, for the same or for any later instant of time, a fully determined statistical distribution to every variable, that is, an indication of
the fraction of cases it will be found at this or that value, or within this
or that small interval (which is also called probability.) The doctrine is
that this is in fact the probability of encountering the relevant variable,
if one measures it at the relevant time, at this or that value. By a single
trial the correctness of this probability prediction can be given at most
an approximate test, namely in the case that it is comparatively sharp,
i.e., declares possible only a small range of values. To test it thoroughly
one must repeat the entire trial ab ovo (i.e., including the orientational
or preparatory measurements) very often and may use only those cases in
which the preparatory measurements gave exactly the same results. For
these cases, then, the statistics of a particular variable, reckoned forward
from the preparatory measurements, is to be confirmed by measurement
- this is the doctrine.”
“Now while the new theory calls the classical model incapable of specifying all details of the mutual interrelationship of the determining parts
(for which its creators intended it), it nevertheless considers the model
suitable for guiding us as to just which measurements can in principle be
made on the relevant natural object. This would have seemed to those who
thought up the picture a scandalous extension of their thought-pattern
and an unscrupulous proscription against future development. Would it
not be pre-established harmony of a peculiar sort if the classical-epoch
researchers, those who, as we hear today, had no idea of what measuring
truly is, had unwittingly gone on to give us as legacy a guidance scheme
revealing just what is fundamentally measurable for instance about a hydrogen atom!? I hope later to make clear that the reigning doctrine is
born of distress”.
“The state of a radioactive nucleus is presumably blurred in such a degree and fashion that neither the instant of decay nor the direction, in
which the emitted alpha-particle leaves the nucleus, is well-established.
Inside the nucleus, blurring doesn’t bother us. The emerging particle is
described, if one wants to expain intuitively, as a spherical wave that continuously emanates in all directions and that impinges continuously on a
surrounding luminescent screen over its full expanse. The screen however
does not show a more or less constant uniform glow, but rather lights
up at one instant at one spot - or, to honor the truth, it lights up now

64

BIBLIOGRAPHY
here, now there, for it is impossible to do the experiment with only a
single radioactive atom. If in place of the luminescent screen one uses a
spatially extended detector, perhaps a gas that is ionised by the alphaparticles, one finds the ion pairs arranged along rectilinear columns,[5]
that project backwards on to the bit of radioactive matter from which
the alpha-radiation comes (C.T.R. Wilson’s cloud chamber tracks, made
visible by drops of moisture condensed on the ions)”.

[105] “Schrödinger’s point of view is the simplest; he thought that by his
develpoment of de Broglie’s wsave mechanics the whole pardoxical problem of the quanta had been settled: there are no particles, no ’quantum
jumps’– there are only waves with their well-known vibrations, characterized by integral numbers. The particles are narrow wave-packets. The
objection is that one generally needs waves in spaces of many diemnsions,
which are something entirely different from the waves of classical physics,
and impossible to visualize” (Born in the Born-Einstein Letters)
[106] Schrödinger was, to say the least, as stubborn as Einstein in his conservative attitude towards quantum mechanics; indeed, he not only rejected
the statitical interpretation but insisted that his wave mechanics meant a
return to a classical way of thinking. He would not accept any objection to
it, not even the most weighty one, which is that a wave in 3n-dimensional
space, such as needed to describe the n, is not a classical concept and
cannot be visualized. (Born in the Born-Einstein Letters)
[107] ”What wanted to say was just this: In the present circumstances the
only profession I would choose would be one where earning a living had
nothing to do with the search for knowledge”. (Einstein’s last letter to
Born Jan 17 1955 shortly before his death on the 18th of April, probably
referring to Born’s statistical interpretation of quantum mechanics).
[108] “De Broglie, the creator of wave mechanics, accepted the results of
quantum mechanics just as Schrödinger did, but not the statistical interpretation.” (Born in the Born-Einstein Letters)
[109] “I cannot understand how you can combine an entirely mechanistic
universe with the freedom of the ethical will”. (Born in the Born-Einstein
Letters)
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