1 From the Incomprehensible to the
Metaphysics of Physics

1.1 On the Limits of the Explanation in the Theoretical Buildings of
Natural Science

In natural science, the questions are not about ontology; rather, they are about
questions related to epistemology, i.e., questions about how or in what way we can
acquire knowledge at all, or about the amount of information about objects, for ex-
ample particles, that we are able to express in terms of probabilities. Already at this
point, we come up against fundamental limits of our possibilities of cognition and,
above all, the limits of our understanding.

The phenomena we are confronted with, for example on the level of quantum
mechanics, often present themselves in the form of complementarities and para-
doxes, which on the one hand can be described with a precise mathematical formal-
ism. However, the explanatory “explaining” of such phenomena can only ever take
place incompletely and only rudimentarily within the scope and range of natural
language, i.e. on a classical level. But the images and concepts conveyed by language
can never completely grasp that strange phenomenon of the natural processes con-
ceptually. With the mathematical formalism of objective science empirically deter-
mined findings can be documented in a general and everywhere comprehensible
form. But explaining and even more understanding reaches far beyond the mathe-
matical formalism, because for this a subject is needed, which does not occur in this
formalism. All explaining is methodologically a particular and always connected
with a certain blind spot. Quantum mechanics tries to conclude general regulari-
ties in the observation of the processes on the fundamental levels of the material
processes, whereby it tries less to link objective processes in space and time, but it
rather links observational situations. On this level, its concepts of truth are founded,
and its explanations take place. The mathematical symbols, with which such ob-
servation situations are described, rather bring the possible to the representation
than the factual. “Perhaps one could say, they represent an in-between between the
possible and the factual, which can be called objective at most in the same sense as,
for example, temperature in statistical thermodynamics.™

In these passages, Heisenberg expressed something which is beyond what can
be explained by language and conceptual confinements. Yes, there seems to exist an
area in which the concept of the truth of quantum mechanics could be comparable
with the concept of the truth of religions in a mysterious way: “In natural science,
the central order can be recognized by the fact that one can finally use metaphors
like “nature is created according to this plan” (of course, one must not say such
things, only think them secretly). And at this point, my concept of truth is connected
with the facts meant in the religions. I find that one can think of these whole con-
nections much better since one has understood the quantum theory. Because in it
we can formulate in an abstract mathematical language uniform orders over very

1 Heisenberg W.: Der Teil und das Ganze. Gesprache im Umkreis der Atomphysik. dtv Verlag Munich (1991), p. 252.
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wide ranges; but we recognize at the same time that then, if we want to describe in
the natural language the effects of these orders, we are dependent on parables, on
complementary ways of looking at things, which accept paradoxes and apparent
contradictions..” ?

With this, Heisenberg outlines a transitional area between physics and meta-
physics, which can only be entered “clammily”, for it is quite obvious and cannot be
overlooked that in the scope of quantum mechanics, there exists a nebulous area
that can be fitted into a mathematical formalism, but which is ultimately inexpress-
ible and which, according to its depth, eludes an understanding on a reductive, em-
pirical approach.

Moreover, matter is to be attributed a kind of a remote potential, which must
ultimately elude a purely physical interpretation. F. Cramer consequently assigned
to matter already a priori the idea of its self-organization, the idea for the unfolding
of all its “blueprints” and its possible formations.

At this and at a multitude of other places natural science and philosophy or
natural science and spirituality meet in a way as it had been formulated once by C.
G. Jung and confirmed with full agreement by E. Schrodinger:

“All science, however, is a function of the soul, and all knowledge is rooted in it.
It is the greatest of all cosmic wonders and the conditio sine qua non of the world
as object. It is to a high degree strange that the occidental mankind, with few, van-
ishing exceptions, appreciates this fact so little. In front of all external objects of
cognition, the subject of all cognition temporarily faded into the background up to
the apparent non-existence”.?

A further puzzle consists in the fact that the physical matter, which was called
“dead” at the beginning of modern times and with the development of the modern
natural science connected with it, obviously has the ability to organize itself, a fun-
damental property of the matter from the smallest scales up to the organization
of galaxies and galaxy clusters on the level of the universe. This matter shows re-
markable orders and structures itself to ever larger manifolds of complex forms and
pattern formations. According to Karl Popper, the greatest puzzle of the universe is
“that the universum is in a certain sense creative™.* This poses another puzzle: If the
universe can indeed be considered a creative universe, whence does such creative
potency emerge?

According to a standard model of physics, the universe came into being in the
form of a big bang. In the beginning, according to such a big bang theory, such a uni-
verse should have been formless and of shapeless simplicity. The existence of today’s
complex structured universe with its remarkable order might be difficult to explain
exclusively on the basis of a big bang theory.

If the universe should have originated by chance in connection with a quantum
fluctuation from an original shapeless state, then this universe must be granted a
tremendous creative potency for self-organization, in the consequence of which in
connection with the laws of nature continuously new things originate. These cre-
ative processes take place constantly, i.e. until today and into all futures. Therefore,

2 Heisenberg W.: Der Teil und das Ganze. Gesprache im Umkreis der Atomphysik. dtv Verlag Munich (1991), p. 147.

3 Jung, C. G.: Eranos Jahrbuch 1946. p. 398. Quoted from: Schrodinger E.: Geist und Materie. Diogenes paperback
Zurich (1989), p. 60.

4 Popper, K., Eccles, J. C.: The Ego and its Brain. Munich (1982), p. 89.
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the universe can be understood as a process, namely as a process out of an incon-
ceivably big creative potential. The universe cannot be seen as anything other than
a coherent whole out of an immense number of parts. With this, however, questions
about the origin of everything and its possible meaning must inevitably arise, which
elude clarification on a scientific level. This is all the more true as science on the
level of quantum mechanics is confronted with phenomena that are quite obviously
in conflict with reason or normal human understanding. These areas of conflict are
thought of with terms like complementarity, non-locality, entanglement, paradox,
undecidability, objective coincidence and other terms, which, however, sometimes
only serve as metaphors for a fundamental lack of understanding. Thus, the origin
of the so-called natural constants, which are fundamental for the structure of to-
day’s universe, has remained mysterious. An important universal constant is e.g. the
so-called Planck’s constant (6.6 x 10-27 erg sec), the smallest possible quantum of
action, smaller impulses “do not exist”, or the speed of light (3x1010 cm/sec). To-
day science recognizes fundamental limits of its cognition, whereupon the question
must follow, for what reason these limits exist at all and even more puzzling is the
question, why these limits present themselves to us in a strangely exactly calculable
form. What would be to assume behind these borders?

Natural science extends the area of its cognition constantly, in order to come,
however, again and again to new borders. The universe and the fact that we exist
at all is a strangeness. Thus, the incalculable and unknowable have moved into the
center of modern scientific and natural philosophical thinking. What is hidden be-
hind the veil of mystery? With the means of objectivity and determinism, this fun-
damental strangeness of the world cannot be unraveled, let alone in the sense of an
“understanding” at the bottom.

In the following passages, an attempt is made to present some strange phenom-
ena and conceptual metaphors of natural science.

1.2 Paradoxes and Fuzziness in the Theoretical Buildings of the
Natural Theoretical Buildings

In the theory building of physics at least three major, fundamental fuzzinesses exist,
which present themselves in an almost paradoxical way: Namely the quantum par-
adox, the time paradox, and a cosmological paradox. Moreover, between the men-
tioned paradoxes a close analogy is recognizable.® Besides there are other, possibly
less significant paradoxes and dualities.

The fundamental equation of quantum mechanics is Schrodinger’s world
function, which plays a similar role on this level as Newton’s equations in classical
physics. In quantum mechanics a still not sufficiently explained double structure
occurs, namely on the one hand the so-called Schrédinger equation for the contin-
uous structure of the wave function and on the other hand the collapse of this wave
function during the measuring process, which was often also called collapse of the
wave function. On the level of classical physics, the objects occupy a certain space
at any time, and they have a certain velocity or a certain momentum at any time, so

5 Prigogine I., Stengers I.: Das Paradox der Zeit. Piper Verlag Munich Zurich (1993), p. 17.
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that they move on mathematically exactly calculable paths. They follow, mathemat-
ically seen, continuously differentiable curves in the three-dimensional view-space.
On the level of quantum mechanics, other conditions are given than on the level of
classical physics.

Here, the three-dimensional space of view, i.e. the space of our everyday world,
plays only a subordinate role. Place and momentum of an object have now become
incommensurable quantities: Because the more exactly the location coordinates of
a quantum physical object are determined, the more inaccurate the data concerning
its momentum become. Physicists say about this: Location and momentum opera-
tor do not commutate. Therefore, on this level in the so-called standard interpre-
tations, one cannot speak without further ado of “trajectories” on which quantum
mechanical objects move, rather physicists speak of residence probabilities, and it
is questionable whether in these contexts one can still speak of “motion” at all in the
sense of classical mechanics. If, for example, a photon is emitted by a light source,
one could imagine that its “trajectory” corresponds to a spherical probability whose
intensity at a certain location indicates the probability of finding this light particle
there. Such an approach, however, is not shared in various other non-standard inter-
pretations, where spatial events are of great importance.®

The state space of quantum mechanics is Hilbert space, an abstract space whose
vectors and operators do not fully correspond to physical reality. Here, in contrast to
classical physics, interpretations of the measured data become much more import-
ant. Objects in the field of quantum mechanics have both particle and wave charac-
ter. According to this, every particle has a wavelength, which in turn depends on the
quantum of action and which is the larger, the smaller the momentum of a particle
is. The corresponding wave equation for the wave function was formulated by Er-
win Schrodinger and is considered the basic equation ¥ of quantum mechanics. The
wave equation is constructed from a complete set of physical quantities that can be
determined simultaneously for the observed system. For an electron, for example,
a complete set of physical quantities includes the location and spin of the particle.
The Schrodinger equation provides different wave functions for the electron, which
correspond to the different “orbits” of the electron around an atomic nucleus. The
square of the wave function ¥ gives the probability of observing a particle at a cer-
tain position. The measurement act itself leads to a definite, classical result and in
this context, one speaks of a collapse or a reduction of the state vector according
to the so-called Copenhagen interpretation. This collapse interpretation is however
controversial. Already in 1932, von Neumann had regarded the collapse as a dynam-
ic process corresponding to a concrete change of the wave function in reality. The
process of “decoherence” necessary for this shows that classical properties, i.e. em-
pirically determined measurement results, are not inherent to an object by nature,
but only come about in the interaction processes with the measuring instrument or
the environment or are defined by them. While the Schrédinger equation develops
unitarily in time, irreversibility occurs abruptly in connection with the act of mea-
surement. The nature of such a double structure is controversially discussed until
today. Up to now, no convincing explanations could be given what exactly is hidden

6 Friebe, C.: Physikalisch-mathematische Grundlagen. In: Friebe, C., Kuhimann, M., Lyre, H., Nager, P. M., Passon, O.,
Stockler, M.: Philosophie der Quantenphysik. 2nd ed. Springer Spektrum Verlag Heidelberg (2018), p. 37.
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behind the concept of the collapse of the wave function. Is it the scientific observer
who causes the collapse by his measurement? According to a number of physicists,
the actual quantum paradox appears when in connection with the explanation at-
tempts of a collapse of the wave function a subjective element was introduced in
some way into the formerly strictly objective description of nature.

This paradox could assign a very central role to an observer, i.e. to the human
consciousness in connection with the reduction of the wave function. Measurement
results are defined, irreversible results and in connection with the act of measure-
ment it came to the appearance of an irreversibility.

Surprisingly, a fundamental momentum for the natural processes would be at-
tributed to man and his observing consciousness in two respects: On the one hand
with regard to the directed arrow of an irreversible time and on the other hand with
regard to the transition of the potential into the actuality of the irreversible. Thus,
human consciousness could be assigned a fundamental meaning for all descriptions
related to the being and becoming of events.

In the concept of becoming, furthermore, a fundamental category for the natu-
ral processes opens up. In thermodynamic physics, in connection with the second
law of thermodynamics, it is a becoming that predicts the incessant process of de-
cay of the universe until its final heat death. The second law formulated by Ludwig
Boltzmann postulated the increasing leveling of all differences until the occurrence
of a thermodynamic equilibrium. However, such a postulate is opposed by opposing
perspectives of development:

It was Charles Darwin, for example, who was able to depict the processes of life
as the result of a never-ending process of evolution with the development of simple
species to more highly developed species. Boltzmann tried on his level of observa-
tion, namely physics, to reproduce the same strands of development on a physical
level and got into a dead end. Because Darwin could explain, with his theory, the ap-
pearance of new species by the principles of coincidence and selection sufficiently,
while in contrast Boltzmann could describe in his equations only a development to
always larger uniformity and had to fail at this paradox finally.

The laws in the macroscopic world of Newtonian mechanics were time-sym-
metric. Time-symmetrical laws can naturally not mark a final state in which all po-
tential for change would be extinguished. All temporal moments are equal in the
state of time symmetry. The development of thermodynamics and the associated
principle of irreversibility was now characterized by a directed time structure, which
can also be called an arrow of time.

For example, every chemical reaction is characterized by the fact that there
must be a difference between past and future in its course according to law. Based
on the second law, the direction of the different types of reactions would tend to-
wards a state of equilibrium that lies in the future. In closed systems, temperature
differences balance out toward a future uniformity. In this context, such a devel-
opment would be to be interpreted according to its meaning in such a way that it
leads to the disappearance of its own occasions, an obvious paradox of time.” Whole
bibliography not visible here). With the development of thermodynamics and its
principles of irreversibility, the laws of mechanics and thermodynamics with respect

7 Prigogine, |., Stengers, |. Das Paradox der Zeit. Piper Verlag Munich Zurich (1993), p. 77.
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to time-symmetric aspects suddenly stood in a very obvious contradiction to each
other. This contradiction was already known in 1876 by Loschmidt and, therefore,
became known as the paradox of irreversibility.® This paradox also seemed to sug-
gest that the two systems, i.e. the system of mechanics and the system of thermo-
dynamics must be incomplete systems. The introduction of probability theory into
mechanics finally succeeded in overcoming this gap, at least partially. This theory
allows us to operate with mean values. With the help of statistical mechanics, it has
become possible to obtain information about the average energy of trillions of mol-
ecules in a gas or liquid without having precise knowledge about the energy of a
single molecule. Ludwig Boltzmann succeeded in providing a statistical interpreta-
tion of the second law of thermodynamics. Applying the so-called Liouville equation
to a large number of molecules in a gas, he was able to determine the values of the
descriptive variables for a gas in a state of equilibrium and he obtained the equation
for the evolution of a gas which is time asymmetric and which is known today as the
Boltzmann equation. This equation is satisfied by the so-called one-particle distri-
bution function, which involves the statistical description of the motion of a single
molecule among all the other molecules of the gas. From this equation, Boltzmann
derived a new equation whose value decreases with time, and which is known as the
H-function. This H-function is of particular interest because it is complementary to
entropy, which must always increase in the direction of the equilibrium state. Thus,
the Boltzmann H-function is equal to the entropy, it only has a reversed sign. Boltz-
mann hoped to have solved the problem of time reversibility on the molecular level.
He did not succeed in this solution.

A third paradox exists in the cosmological paradox:

Time is a fundamental dimension of our existence. Strictly speaking, modern
natural science begins with the inclusion of time in the theoretical scheme of New-
tonian and Galilean physics. The prototype of a universal law of nature is Newton’s
law, according to which acceleration is proportional to force. This law has two basic
characteristics: It is a deterministic law, which states that accurate knowledge of
the initial state allows accurate predictions about future behavior. Furthermore, it
is a time-reversible law. This law formed the basis of classical mechanics. However,
the paradox consists in the fact that the time concept connected with it does not
show any direction in the fundamental time-symmetrical laws of physics, i.e. from
classical dynamics over relativity to quantum mechanics. It was already noted at the
beginning that modern cosmology assumes a “Big Bang event” at the “beginning” of
the universe, an event which is supposed to have taken place about 15 billion years
ago. In the conventional formulations of the laws of nature, however, such events
do not occur. Thus, the wave functions of quantum mechanics as the most powerful
physical theory building have neither a beginning nor an end.

Moreover, a kind of dualism and inequality between order and disorder applies
to the universe as a whole: Thus, for every heavy particle there is the enormous
amount of 108 to 109 photons, which form the cosmic background radiation. The
entropy associated with this radiation, on the other hand, accounts for the vast ma-
jority of the total entropy of the universe. It is also empirically proved that photons
were produced in a very early state of the universe. According to this, the entropy of
the universe must have been originally very high. But this statement is obviously in

8 Boltzmann, L.: Vorlesungen Uber Gastheorie. Barth Verlag Leipzig. 1910.
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contradiction to the second law of thermodynamics and Boltzmann’s interpretation
of entropy. Because according to the second law, the universe should have been in
a state of high order and low entropy at the beginning. From such an ordered and
therefore improbable initial state, the universe would have subsequently evolved to-
ward the more probable future state of high entropy. After all that we know today,
however, it behaved in such a way that the universe must have begun with an explo-
sive entropy increase. From this also the question derives whether the origin of the
elementary particles had been made possible by such an entropy generation.

Not least for these reasons, the Big Bang hypothesis has confronted physics as
a whole with a major crisis. In order to defuse this paradox, Stephen Hawking put
forward the thesis that the Big Bang was of purely geometrical character and “time”
would be an “unessential” property in such a geometrical universe. The cosmologi-
cal time would then be nothing more than an illusion. Furthermore, the difference
between time and space contained in the theory of relativity could be eliminated
by the introduction of an “imaginary” time, which would have to be understood as
real-time, but which would also have to be called a contradiction. Nevertheless, Ste-
phen Hawking considered it useful to introduce the idea of an imaginary time in or-
der to be able to describe in this way how quantum theory forms time and space. He
rightly pointed out that the concept of an imaginary time corresponds to a well-de-
fined mathematical concept, and it is also the case that science has only mathemat-
ical models at its disposal in order to be able to describe the universe with their help.
It has turned out, as far as I can survey, that mathematical models, which include an
imaginary time in their formalism, can describe not only effects, which have already
been observed, but furthermore also such effects, whose existence could not yet be
measured directly, but of whose existence science is firmly convinced. In his opinion,
from a positivistic point of view, it is not possible to determine what is real. Hawking
raises a thought-provoking question in this context:

“So, what is real/real and imaginary? Does the distinction exist only in our
minds?”

A train of thought of great depth, which could sketch a bridge from the sup-
posedly or actually real to the imaginary. Science has mathematical models at its
disposal to describe what it considers to be the real. An “understanding” of what
reality actually is is not possible on the basis of models. Only a careful and gradual
approach is possible. By introducing an imaginary time as a mathematical quantity
to the real, such a step-by-step approach can be made possible.

Einstein’s general theory of relativity, for example, unites real-time and the three
dimensions of space into a four-dimensional space-time. The real-time direction is
distinguished from the three directions of space. Because along the world line of the
universe, according to the considerations of Hawking, real-time can only increase
but not decrease, this is in contrast to the directions of space whose coordinates can
increase or decrease along the history of an observer. If one introduces an imaginary
time perpendicular to real-time, this behaves like a fourth spatial direction. Thus,
such an additional time component would have a much wider spectrum of possi-
bilities than the straight one-dimensional railroad track of a real-time, which could
have only one beginning and one end or run circularly. Thus, a conception is obvious

9 Hawking, S.: Das Universum in der NuRschale. Deutscher Taschenbuch Verlag Munich (2003), S. 67.

19



1  From the Incomprehensible to the Metaphysics of Physics

that the beginning of the universe in imaginary time could have been a regular space
point of time for which the same laws had validity as for all other space points of
time too.'" According to this theory of an imaginary time, the universe would have
with it neither a beginning nor an end.

Prigogine argued against it that from such considerations again the dissolution
of any connection between being and becoming could be derived and the universe
would simply BE in the sense of Parmenides.". A cosmologically directed time would
benothingmore than anillusion. However, the processes tobe observed atall places of
the universe with the formation of new structures and organizations speak quite con-
spicuously against it. In the universe, furthermore, another dualism can be observed
between the uniform background radiation, whichis obviouslyin contrast to the high-
ly organized objects of solar systems, galaxies and galaxy clusters — not to mention
the enormous complexity of the human brain with its 1011 interconnected neurons.
With such examples, it becomes obvious how trenches run through modern science
that are apparently or actually unbridgeable. If one follows the considerations of
St. Hawking, it is not possible with the help of natural science and mathematics to
make decisions, i.e. precise decisions about what is real and what is imaginary. The
concept of reality cannot be scientifically proven, it can only be interpreted with the
help of scientific theory.”> How much more improbable it can be then to be able to
explain the riddles of this world exhaustively with the help of this science: Where
does the universe come from? Why does anything exist at all? Where will the uni-
verse end? What is man and where does his path go? In what could be assumed a
sense behind all this?

1.3 Entanglement and Non-locality: Predictable in Theory, but not
Causal Explainable Fundamental Characteristics of Physics

Fundamental characteristics of physics which are predictable in theory but can-
not be explained causally. In the environment of quantum physics, a plethora of
questions have been raised that are of crucial importance for philosophy, such as
questions about the relations of an object to its properties or of the whole to its
parts, questions about a time-bridging identity, the temporal changes associated
with quantum systems, or even fundamental questions about causes and effects.
Difficult-to-solve problems arise in quantum physics, for example, in the form of the
measurement problem and the related question of the connection between micro-
and macroworld or in connection with the ontological clarification of the problem
of indistinguishability of similar particles.

An example for the peculiarity of quantum systems is the spin concept, for which
there are no analogies in classical physics. The spin corresponds approximately to
the angular momentum of classical physics but shows some properties differing
from it: The term angular momentum is understood as the momentum with which
abody rotates around its axis. Elementary particles have besides an orbital angular

10  Hawking, St.: Das Universum in der NuRschale. Dtv Verlag Munich (2003), p. 67-70.

11  Prigogine I., Stengers I.: Das Paradox der Zeit. Piper Verlag Munich Zurich (1993), p. 19.

12 Hawking S.: Einsteins Traum: Expeditionen an die Grenzen der Raumzeit. Rowohlt Verlag Reinbek b. Hamburg
(1993), p. 61.
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momentum an inner property that behaves like an intrinsic angular momentum. In
classical physics, there is no analog to it. This intrinsic angular momentum is propor-
tional to the quantum of action, whereas the proportionality factor can only assume
integer or half-integer values. Particles with a half-integer spin are called fermions,
particles with integer spin bosons. The electron, proton and neutron belong to the
fermions, while the photon belongs to the bosons. The intrinsic angular momen-
tum generates a magnetic moment and has only two possible values, spin-ups and
spin-downs. Intermediate values between these values are not possible. According
to the formalism of quantum physics, none of the particles carries a spin before it is
measured. The direction along which the spin is oriented is not yet determined even
when the particle is emitted. This is independent of whether the spin was well de-
fined before the measurement or not or in which direction it had pointed. Only with
the measurement the particle carries a spin. For simplicity, an arrow was assigned
to each spin pulse, which in the simplest case is oriented parallel or antiparallel to
the spin axis. The length of the arrow is used to indicate the magnitude of the angu-
lar momentum. If one of the particles is measured along any direction, it randomly
assumes one of the two possibilities, i.e. parallel or antiparallel to this direction. This
is an objective randomness. In the case of entangled particles, the other partner al-
ways shows the exact opposite value. In the form of this objective coincidence, quan-
tum mechanics thus presents something completely new, which has no equivalent
in classical physics. Only the measurement at one particle determines automatically
the state of another particle, where the distance of these particles from each other
plays no role.” So the spin of a particle is undetermined until the definite measure-
ment and the measurement of one particle determines the measurement result of
its partner. These measurement results are 100% correlated. In connection with this
phenomenon, E. Schrodinger introduced the term “entanglement”, and he pointed
out in this context that this is an essential characteristic of quantum physics. It is a
matter of two random processes which are connected with each other over large dis-
tances. With respect to this, Albert Einstein had spoken of a “spooky remote effect”
and he had hoped to be able to find a deeper explanation for this phenomenon."

In the so-called Stern-Gerlach experiment the spin can be measured. In 1922
Otto Stern and Walther Gerlach generated a beam of silver atoms and then passed
this beam through a magnetic field. In an inhomogeneous magnetic field, the spins,
which carry a small magnetic moment, as discussed, experience a force and under-
go a deflection depending on their orientation. It is true that silver atoms are electri-
cally neutral. However, the valence electron of the silver atom exhibits an additional
property that behaves like intrinsic angular momentum. Stern and Gerlach observed
a splitting of the silver vapor beam so that two separate silver spots appeared on the
screen. This indicated that a magnetic moment had two discrete settings and from
this derived the conclusion that the particles exhibited a hitherto unknown prop-
erty that behaves like an intrinsic angular momentum that generates the magnetic
moment and can only have two values: Spin-up and spin-down."” The quantum me-
chanical peculiarity again lies in the fact that the spins, which previously had an ar-
bitrary arrangement, have parallel or antiparallel directions when passing through

13 Zeilinger, A.: Einsteins Schleier. Die neue Welt der Quantenphysik. C.H. Beck Verlag Minchen (2005), S. 71-72.

14  Zeilinger A.: Einsteins Schleier. Die neue Welt der Quantenphysik. C.H. Beck Verlag Munich (2005), p. 72.

15  Friebe, C.: Physikalisch-mathematische Grundlagen. In: Friebe, C., Kuhimann, M., Lyre, H., Nager, P. M., Stockler, M.:
Philosophie der Quantenphysik. Springer Spektrum Verlag Berlin (2018), p. 5.
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the magnetic field. Today, we know situations with more than two possible splittings
in the sense of a multi-fold splitting in the inhomogeneous magnetic field. In 1943
Otto Stern received the Nobel Prize for his discovery of electron spin.

In quantum physics, the states of composite systems are not described by the
product states, but by superpositions of product states, i.e. in the framework of en-
tangled states. If two systems, e.g. systems of photon pairs, have entered such an en-
tangled state, this means that before a measurement, none of the involved systems
can be attributed certain properties, e.g. a spin state spin-up or spin-down. Neither
can any kind of superposition state be assigned to the two subsystems. The overall
state of the system does not determine the states of the subsystems. Measurements
of the polarization directions at the subsystems randomly determine a result for
spin-up or spin-down. Since the particles in correlation do not have an indepen-
dent existence, the measurement result on one particle simultaneously determines
the measurement result on the other particle. The two particles, e.g. the mentioned
photon pairs, do not have an independent existence from each other. The deter-
mination of the spin state at the respective other particle is also not done by an
information transfer of conceivably highest speed, rather the quantum mechanical
state of the respective other particle changes immediately during the measurement
at one particle. Thus, it is the measurement of a state at one particle which deter-
mines the state of the respective other particle. The entangled particles represent a
common system, so that an information transfer, of whatever kind, does not have
to take place. Thus, we are dealing with non-local quantum effects. For this reason,
quantum mechanical systems are much more correlated than classical systems.'®
Entangled states thus involve a specific connection between subsystems beyond
spatiotemporal constraints. According to E. Schrodinger, such entanglement states,
which are typical for the field of quantum mechanics, force a decisive deviation from
the classical way of thinking."” In 1935, Albert Einstein, Boris Podolsky, and Nathan
Rosen proposed a thought experiment that was to go down in history as the “EPR
paradox” and that was to become the starting point for a large number of experi-
mental investigations related to such entangled states.'

Bohr and Einstein had an intense discussion about the status of quantum me-
chanics at that time. Einstein wanted to show that quantum mechanics is incom-
plete, i.e. that there are properties in reality for which there are no equivalents in
theory. He wanted to prove that physical parameters, such as location and momen-
tum, could be precisely measured at the same time, which is not possible according
to the Heisenberg uncertainty principle. This is because quantum mechanics can
only attribute either a sharp momentum or a sharp location to a system, but not
both at the same time. This addresses a central problem of quantum mechanics,
namely the fundamental question of whether quantum mechanics actually captures
all the information available about a particle. Or could it possibly also be the case
that a quantum particle could have very specific local internal properties that quan-
tum mechanics cannot capture? This would then have the consequence that with

16  Nager, P. M., Stockler, M.: Verschrankung und Nichtlokalitdt: EPR, Bell und die Konsequenzen. In: Friebe, C.,
Kuhlmann, M., Lyre, H., N&ger, P. M., Passon, O., Stockler, M.: Philosophie der Quantenphysik. Springer Spektrum
Verlag Berlin (2008), p. 108.

17  Schrodinger E. (1935b). Die gegenwartige Situation der Quantenphysik. Die Naturwissenschaften 23, 807-812, 823-
828, 844-849, p. 555.

18  Einstein, A., Podolsky, B., Rosen, N. (1935): Can a quantum mechanical description of physical reality be considered
complete? Physical Review 47, pp. 777-780.
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quantum mechanics it is only possible to formulate probability statements. Einstein
was convinced that the wave function would not provide a complete description of
the physical reality and therefore searched for evidence that quantum mechanics is
incomplete, i.e. that with the formalism of quantum mechanics, not all phenomena
or properties existing in the physical reality can be described: Because analogous
to Heisenberg’s uncertainty principle, the location and momentum of a particle, al-
though existing at the same time, cannot be sharply defined at the same time. Only
then and in that case, when these properties have clearly defined values, the quan-
tum mechanical processes could be thought deterministically and the apparently
non-local processes at the collapse of the wave function could be understood as cog-
nition processes instead of real physical processes. In the context of these problems,
the question of so-called “hidden variables” emerged, which could not be captured
by the formalism of quantum mechanics. John Stewart Bell published a seminal pa-
per in 1964 on the phenomenon of non-locality, which is characteristic of quantum
processes.'” He expressed his insight that physical systems can still influence each
other even if they are so far apart that they can only be connected with superluminal
velocity. His experimental approach will be discussed in more detail below. Thus, a
contradiction between the local world of macroscopic objects surrounding us and
the quantum world becomes apparent. A view of the world exclusively on the basis
of alocal worldview remains incomplete, a fundamental insight of great importance
for the philosophy of nature. The contradiction between the classical and the quan-
tum mechanical view of the world becomes apparent in the fact that an upper limit
for the strength of correlations between objects can be derived from the classical
local view of the world. However, this upper limit is clearly exceeded by the mea-
surement results from experiments with restricted quantum objects. Thus, it can
be deduced that it must be the local classical worldview that contains at least one
untenable assumption, namely the assumption of locality.* Bell was also convinced
that the phenomena of entangled systems cannot be explained by local processes
even under the assumption of unknown “hidden variables”, i.e. hidden information.
Quantum mechanics is able to provide a complete description of natural pro-
cesses up to the present day. It is able to predict the correlations caused by entangle-
ment, but it is not able to explain their occurrence causally in the usual sense.”" Con-
cerning the ontological status of particles on the quantum level and their phenom-
enology, quantum physics is thus also not able to present a consistent worldview.

19  Bell, J. (1964): On the Einstein-Podolsky-Rosen Paradox. Physics 1(3), pp. 195-200.

20 Nager, P. M., Stockler, M.: Verschrankung und Nichtlokalitdt: EPR, Bell und die Konsequenzen. In: Friebe C.,
Kuhlmann, M., Lyre, H., Néger, P. M., Passon, O., Stockler, M.: Philosophie der Quantenphysik. Springer Spektrum
Verlag Berlin.1st ed. (2018), p. 109.

21 Nager, P. M., Stockler, M Verschrankung und Nichtlokalitdt: EPR, Bell und die Konsequenzen. In: Friebe, C.,
Kuhlmann, M., Lyre, H., Néger, P. M., Passon, O., Stockler, M.: Philosophie der Quantenphysik. Springer Spektrum
Verlag Berlin.1st ed. (2018), p. 109.
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1.4 Presentation of Bell’s Theorem and its Physical and
Philosophical Implications

In 1964, the Irish physicist John Bell (1928-1990), who worked at CERN, made
one of the most important contributions to physics, “Bell's theorem™?, which
had been described by the American physicist Henry Stapp as “the most pro-
found discovery since Copernicus”®* In this theorem, the question is whether
the correlations that exist between two entangled quantum systems can be ex-
plained by the properties that these systems carry. This raises the question of the
ontological status of the individual systems and equally the question of chance.
In connection with the concept of randomness, the question is also raised
whether additional and unknown parameters could exist, which, although we
have no knowledge of them, could nevertheless determine the behavior of par-
ticles>* Such additional parameters have been called “hidden variables™*
The experiments on which the so-called Balls Theorem is based are realizations of the
thought experiment proposed by Einstein already in 1935 and are accordingly called
EPR/B experiments. In their modern variants, these experiments are performed with
photons: Here, a light source is excited to emit a pair of photons in opposite directions,
whose polarization states are entangled in certain directions. In this entangled state,
the individual photons do not yet have a unique polarization. After emission from
the light source, both photons subsequently impinge on two polarization measuring
devices. A pointer on the measuring instruments can be used to set the direction in
which the respective polarization is to be measured. The direction of measurement is
selected randomly and with equal probability from one of three angles for each mea-
suring device and set, for example, to an angle of 30, 60, 90 degrees. In the strongest
version of the experiment, the settings of the pointers are even selected only after the
photons have already been emitted by the light source and thus were already on their
way. Under these conditions, it is guaranteed that the selection of the pointer setting
cannot have any influence on the state of the photons at the time of their emission
from the source. If a photon now hits the measuring device, the measuring device de-
tects whether the photon is polarized in the set direction (+) or perpendicular to it
(-). Thus, only two possible measurement results, i.e. + or -, can be determined at each
measuring device. Thus, for each measuring device, a numerical series with the deter-
mined measurement results can be determined depending on the randomly set angle.

Up to this point, the experimental setup is still relatively well understandable,
and the procedure seems to be harmless at first.?

However, the results of the measurements, i.e. the data obtained in the measur-
ing processes, were to have immensely far-reaching consequences in their statistical
evaluation. For they turned out differently than was to be expected at the beginning:

22 Bell, J.: On the Einstein-Podolsky-Rosen Paradox. Physics 1(3) (1964), pp. 195-200.

23 Zeilinger, A.: Einsteins Schleier. Die neue Welt der Quantenphysik. C.H. Beck Verlag Munich (2005), p. 74.

24 Bell, J.: Introduction to the hidden-variable question. In: B. d’Espagnat (Ed.): Foundations of Quantum Mechanics:
Proceedings of the International School of Physics “Enrico Fermi”, Course XLIX, 171-181. New York: Academic Press.

25  Zeilinger, A.: Einsteins Schleier. Die neue Welt der Quantenphysik. C.H. Beck Verlag Munich (2005), p. 74.

26  Nager, P. M., Stockler, M.: Verschrankung und Nicht-Lokalitat, Bell und die Folgen. In: Friebe, C., Kuhimann, M., Lyre,
H., Néger, P. M., Passon, O., Stockler, M.: Philosophy of Quantum Physics. Springer Spektrum Verlag Berlin.1st ed.
(2018), p. 128.
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If the angles of the measuring instruments were set to the same value, the mea-
suring results for both sides were essentially the same, which is not surprising up to
this point. It was a perfect correlation as expected. However, if the random pointer
positions of the measuring instruments differed by 30 degrees, the measurement
results only agreed by about 75%. If, on the other hand, the angles of the measuring
instruments differed by 60 degrees, the measurement results agreed by only 25%.

These results thus proved a correlation of the measurement results with the re-
spective measurement settings, whereby the strength of the determined correlation
was only dependent on the relative angle between the measurement directions. This
fact is all the more surprising because the experiment was set up in such a way that
the measurement settings were chosen randomly and independently of each oth-
er. The setup of the experiment was done in a way that possible correlations were
minimized, and all measurement settings were chosen randomly and independently
from each other! So, any influence between the state of the photons at the source
and the measurement settings could be excluded from the beginning, especially if
the measurement setting was chosen after the emission of the photons from the
source. So, there could be no reasonable doubt about a correlation of the measure-
ment results with the pointer settings. The correlations determined in this way can
definitely not be explained on the basis of locally effective factors.

In the following time, these experiments were checked by Alan Aspect and re-
fined in their details.”” Anton Zeilinger and his group were able to carry out the mea-
surements at larger and larger distances, i.e. 100 km and more, between the measur-
ing instruments and even under these extended distances no weakening of the cor-
relations was found. Thus, these correlations persist over arbitrarily large distances.

The consequences and conclusions from these experimental observations are of
fundamental importance, especially for the question of whether quantum mechan-
ics can be understood as a local and deterministic theory by introducing hidden
variables. However, the experimental results described impressively argue that this
is not possible.”® One of the essential conclusions from the so-called Bell’s proof is
that the statistics determined by it cannot be explained if only local influences are
present. Purely local theories cannot reproduce the correlations. Thus, any correct
theory of quantum mechanics must include some non-locality. Interestingly, Bell did
not provide the proof by building a new theory, but only by a simple listing of mea-
surement results and the correlations derived from them.

1.5 Philosophically Relevant Shadow-casts of a Holistic World

A world in which such correlations are revealed in experiments cannot be a local
world. If the measurement results at one system can be influenced by the measure-
ment setting at another system, then we are dealing with correlations that cannot
be explained by local parameters. This raises, at the same time, the question of the
nature of causality and determinism.

27  Aspect, A., Dalibard, J., Roger, G. (1982): Experimental test of Bell’s inequalities using time-varying analyzers.
Physical Review Letters 49, p. 1804-1807.

28  Nager, P. M., Stockler, M.: Verschrankung und Nicht-Lokalitat, Bell und die Folgen. In: Friebe, C., Kuhimann, M., Lyre,
H., Ndger, P. M., Passon, O., Stockler, M.: Philosophie der Quantenphysik. Springer Spektrum Verlag Berlin.1st ed.
(2018), p. 134.
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The British philosopher David Hume dealt intensively with the problem of
causality and developed the following thought: If in a game of billiards, one ball is
pushed by another and subsequently rolls in a certain direction, the laws of me-
chanics state that by an action of force, by a kind of compulsion, the second ball was
forced to move in a certain direction. According to Hume, we do not observe the
force, the “compulsion”, but only a temporal and a spatial succession of two move-
ments. From this he derived the question of whether it could be a matter of mere
spatiotemporal regularities in connection with causal relations and, above all, he
was concerned with the question of whether there could still be necessary connec-
tions between events beyond what we can observe, which elude our observation.
Indeed, this raises a question that has not yet been resolved and the controversies
about it continue unabated.”

According to Einstein, there are no causal processes that can take place faster
than the speed oflight. A causal process is understood as a cause-effect chain, where
every event is an effect on a preceding event and a cause for a following event. Ac-
cording to the theory of relativity, there can only be local processes. However, the
correlations measured by Bell and others are far too strong to be explained solely on
the basis of local processes, and purely local theories cannot reproduce correlations.
Conversely, this has the following consequence: all theories that are limited exclu-
sively to local effects cannot be complete. Even if one would presuppose that a pho-
ton at the source could carry arbitrarily many pieces of information about the other
photon, the nature of such correlations would still not be clarified. Critics have re-
peatedly argued that those “hidden variables” already mentioned in another context
might exist after all, which would specify the description of the quantum objects by
the quantum mechanical state. Such a theory is called in technical language a “local
realistic theory”. According to this theory, an observed property would be indepen-
dent of what measurements are made on the other system. However, quantum phys-
ics makes predictions that clearly deviate from the assumption of additional local
hidden parameters and thus a deterministic and local quantum world. Quantum
mechanics is a statistical theory in which probabilities play an important role. Every
theory of the microworld thus has to consider properties of non-locality. In terms
of natural philosophical implications, Bell's experiments demonstrate that at least
one of the ontological and methodological principles of the classical world must be
abandoned when considering entangled processes. Entangled states are non-sepa-
rable states and non-separable states induce forms of spatio-temporal holism: for
a non-localized state accrues to the entire spatio-temporal region over which it ex-
tends, so that the states of all sub-regions depend on the state of the entire region.*

A large number of theses and considerations have been published in this con-
text, which cannot be discussed in detail here. For example, one cannot assign an
ontological status of its own to the two entangled subsystems, but only to the entan-
gled state as a whole.

29  Nager, P. M., Stockler, M.: Verschrankung und Nicht-Lokalitat, Bell und die Folgen. In: Friebe, C., Kuhimann, M., Lyre,
H., Ndger, P. M., Passon, O., Stockler, M.: Philosophie der Quantenphysik. Springer Spektrum Verlag Berlin.1st ed.
(2018), p. 2.
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In such a state, the two subsystems would have no existence of their own and
the entangled state could then be understood as a whole without parts. This whole
would only decompose in the act of measurement into two parts with properties
realized only at this time. The properties would not have been real before but would
have existed as potential properties. If, on the other hand, one grants the two sub-
systems an own ontological status also in the entangled state, then they would have
to have an own intrinsic spin state in this state, too. The quantum mechanical find-
ings speak against it. So, the whole system is in a well-defined state and the single
systems are only described by the state of the whole system. The parts have an on-
tological dependence only from the state of the whole system. This view is shared
by most authors. The theory of particularism, on the other hand, says that for each
pair of different physical objects, it must be true that each of these objects has its
own separate state and that the state of a total system of these parts is determined
by their respective physical states and their spatiotemporal relations. Particularism
thus states cum grano salis that the world consists of individual entities each with
its own intrinsic properties and that these properties would not depend on their
overall system.* The standard view just says that the construction from subsystems
is to be taken ontologically quite seriously and that an entangled system has indeed
parts. However, according to this view, the total system has a well-defined spin state,
while the subsystems do not. They are only described by the state of the total system
and have an ontological dependence on it. This is the special feature of quantum ho-
lism. Some authors understand the entangled state also as a pure relation between
the subsystems. Thus, Teller speaks of a “relational holism” (Teller, P.: Relational
holism and quantum mechanics. British Journal for the Philosophy of Science 37
(1986), pp. 71-81). In this context, Esfeld even speaks of a metaphysics of relations.*

The phenomenon of entanglement is thus to be understood as a fundamental
and characteristic phenomenon of the micro-world. The world can thus no longer
be understood as a world constructed of independent spatiotemporally separated
objects. In the micro world relational elements come to the fore. The phenomenon
of entanglement refers, on this level of natural processes, to a world in which the
objects are interwoven in the most intimate way so that the whole can no longer be
understood as a sum of parts. The whole cannot be reduced to its components. The
world is holistically structured.

1.6 Ontological Questions: What do “Properties” Mean in the
Context of Physical Objects and What Can We Know?

Theoretical philosophy, i.e. epistemology or ontology, took its beginning with Plato
and Aristotle. Here, questions about the relation of objects to their properties were
raised for the first time. The same is true for the relation of persons to their proper-
ties. Are these properties in re, i.e. in the respective object or person quasi-instanti-

31  Nager, P. M., Stockler, M.: Verschrankung und Nicht-Lokalitat, Bell und die Folgen. In: Friebe, C., Kuhimann, M., Lyre,
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ated or are they located as ideas in a metaphysical world and thus ante rem.*® This
debate is still undecided and continues unbroken in the 21st century.

The term “complementarity” was coined by N. Bohr in connection with the wave
and particle nature of objects in the quantum realm. In this context, questions arise
concerning ontology, in particular the question of how these complementary quan-
tities could be classified in a consistent worldview. On the one hand, light can be
detected as an electromagnetic wave, whereby electric and magnetic fields are set
into oscillation. On the other hand, it was proved by Max Planck and Einstein that
light is composed of photons, i.e. indivisible quanta. The concepts of particles and
waves are obviously physical quantities that are mutually exclusive in the classical
point of view and nevertheless, they complement each other in the quantum-me-
chanical point of view.

Thus, in connection with the empirical observations of quantum mechanics,
fundamental questions with an intensified philosophical relevance have come to
light. Already mentioned was the relation of an object to its properties, or of a whole
to its parts. While according to the classical view two quantities like place and mo-
mentum complement each other, they are mutually exclusive in quantum mechan-
ical terms. Moreover, the question arises about the relation of cause and effect and
last but not least the question about the time-persisting identity and the temporal
changes of objects in the micro world, which is the fundamental basis for the world
of real objects in the macro world.

It was discussed that with the above-mentioned Stern-Gerlach apparatus, the
spin projection of particles is always measured only along a certain spatial direc-
tion. Thus, the measurement of spin always has a very specific spatial orientation.
Depending on the chosen spatial direction, an electron can show different spin val-
ues, i.e. two in each possible direction, but the spin can only be measured in one
spatial direction. Thus, the question arises whether in such a particle, for example in
an electron, already a priori all information about the different possible spin values
along arbitrary spatial directions is available. So, what happens when repeated spin
measurements are performed in the Stern-Gerlach experimental setup, for example
when measurements are performed in the same or in different spatial directions on
the same particle?

It has been found in quantum physics that the same electron can show spin-up
when measured at a certain time and spin-down at a later time. Thus, a time-per-
sistent identity for quantum objects could not be assumed. In view of this, one could
assume that the previous particle disappears and a new one with a different spin
has taken its place. But one could also make the claim that quantum mechanical
objects do not totally change, but merely change.*’ According to Kant* , the theory
of the so-called trope ontology, the particles could only be understood as bundles of
properties.***® Based on this theory, properties would be understood as the basic ele-
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ments of ontology. According to the tropical ontology, at a certain time x the bundle
of electron charge, electron mass, spin-up in x-direction would exist and at a later
time y the bundle of electron charge, electron mass, spin-down in y-direction would
exist. Thus, a discontinuous jump of the properties could be possible depending on
the measurement at the same particle.*”

Spin measurements in the same spatial direction are repeatable with the same
results in each case. The experiment confirms that when a measurement is repeated
in the same direction as before, the same spin value is determined as in the first
measurement. This is not surprising at first. However, if a second measurement is
made in a different spatial direction, i.e. corresponding to a y-direction, it can no
longer be said with certainty that the previous result, for example, spin-up, will be
repeated. These findings thus point to a fundamental indeterministic principle at
the level of quantum mechanical processes: The transition from a spin-up direction
to a spin-down direction occurs indeterministically. Such indeterminism at the
quantum level has the following fundamental philosophical implications: Experi-
ments have shown that only one single direction can be determined for a particle
with the property of spin-up. According to the formalism of quantum mechanics, we
thus have maximum information concerning the spin measurement in this x-direc-
tion. According to this formalism, the measurement of the spin must be in another
direction, i.e. in a y-direction, and must then be maximally indeterminate. But this
also means that we cannot have complete knowledge about all possible properties
of a quantum object at a given time and this for reasons of principle. Consequent-
ly, we cannot know whether the same particle already had the spin-down property
before the second measurement. Because if we would have knowledge of it, then
existed in the world more than we can know maximally. The indeterminism of the
spin in the second direction, for example in a y-direction, is of principal nature. But
with that also the standard quantum mechanics, the most fundamental theory so
far, would be an incomplete theory.*

In a further modification of the experiment, the spin is determined in the x-di-
rection in the first measurement and then in the y-direction. Afterward, as an addi-
tional variation, the same measurement as at the beginning follows again, where,
for example, the spin in the x-direction had been determined as spin-up. One should
now assume that the third measurement, where the spin was determined in the
same direction as in the first measurement, should result in the same spin value as
in the first measurement since it is a repetition of the first measurement. However,
this is not the case, rather the result can be 50% spin-up or 50% spin-down. The sec-
ond spin measurement in the y-direction had erased the results of the first spin mea-
surement in the x-direction, so to speak. From this, a basic conclusion can be drawn:
A simultaneous measurement of one spin in different directions is not possible for
reasons of principle. This leads to the next question, whether this is a problem of
our incomplete knowledge and thus an epistemic problem or an ontological prob-
lem of great scope. A problem of ontological relevance exists if quantum mechanical
systems do not carry such properties all at once, but always only one property out
of several possible ones. In the context of a measurement, it is an indeterministic
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change of properties. For these reasons, it is never possible to measure all the infor-
mation a system can carry. This imposes limits of principle on empirical knowledge.
The reason for the fact that it is never possible to measure all information at the
same time lies in the Heisenberg uncertainty principle, according to which it is not
possible, for example, to measure location and momentum of a particle at the same
time with arbitrary accuracy. Furthermore, the question arises whether an indepen-
dent reality can be attributed to a quantum system and its properties.

Such questions, which are fundamental for the understanding of nature, were
dealt with by the so-called “Copenhagen interpretation of quantum theory” in the
environment of Bohr and Heisenberg. According to Bohr’s view, there is an unbreak-
able connection between the microsystem and the measuring device. This concep-
tion of an unbreakable connection between the objects of the microworld and the
classical measuring device plays into many varieties of modern epistemological
considerations. The question in which way and to what extent a gain of knowledge
is possible at all is behind this. According to the classical Copenhagen interpreta-
tion, quantum systems do not have an independent reality, because the macroscop-
ic measuring device is involved in the generation of quantum phenomena. This can
be understood also in such a way that the quantum systems and the properties de-
termined at them cannot be fundamental quantities and because there is an onto-
logical dependence on the measuring device.

Thus, composite quantum systems behave differently than composite systems
of our macroscopic everyday world:

In composite macroscopic systems, a unique state can be attributed to each in-
dividual system. Composite systems can be described on this level as product states.
In the field of quantum physics, however, composite systems cannot be character-
ized by product states, but only by the superposition of product states, i.e. by the
described entangled states. In the entangled state, none of the systems described
above can be assigned a unique spin state. Le. neither a spin state spin-up or spin-
down nor any superposition state of both can be ascribed to the individual subsys-
tems. The overall state does not specify the states of the subsystems.* When the
spin-up state is assigned to the subsystem in a measurement, the spin-down state
is certainly present in the measurement on subsystem 2. The measurement results
of the subsystems are thus correlated. Entanglement therefore establishes a special
correlation between the subsystems that ignores the usual spatiotemporal con-
straints. It is therefore not surprising that such entangled systems are the source of
a variety of problems in the interpretation of quantum theory.

Thus, the properties of a quantum mechanical system are not defined inde-
pendently of observation: Dice in a cup have a well-defined number of points be-
fore being uncovered by the player. It is also the same in which order the points of
the dice are read and summed up. In quantum mechanics, however, the conditions
are different: The possible results of measurements are not fixed beforehand and, in
addition, the order of the measurement has an influence on the results of the mea-
surement.

39  Nager, P. M., Stockler, M.: Entanglement and non-locality: EPR, Bell and the corollaries. In: Friebe, C., Kuhlmann, M.,
Lyre, H., Nager, P. M., Passon, O., Stockler, M.: Philosophie der Quantenphysik. Springer Spektrum Verlag Berlin.1st
ed. (2018), p. 108.

30



From the Incomprehensible to the Metaphysics of Physics 1

Consequently, a conventional scientific reductionist view whose theory build-
ing was built of interacting, but ontologically independent objects lose their mean-
ing. The quantum world, on the other hand, presents a world that is at first sight
incomprehensible, in which the parts are intimately interwoven to form a whole and
can no longer be strictly separated from each other. This fundamental complexity
can be explained to some extent, but not precisely understood. Although the texture
of these tissues is embedded in the framework of a formalized mathematical set of
rules, it cannot be grasped conceptually in a precise way. Understanding is only pos-
sible on the basis of networks of previously understood concepts. On the other hand,
an explanation of the processes on the quantum level is only possible with the clas-
sical conceptual set of instruments, which is consequently less suitable for a precise
understanding of the dynamic contexts on this level. For understanding is only pos-
sible on the basis and against the background of what is already understood. Thus,
the pairs of particles in correlation cannot be described and understood in the usual
classical view as independent objects in space. In order to explain the peculiarities
of entangled particles, our mind resorts to usual auxiliary constructions, for exam-
ple: One could assume that some not yet known “signal” would be sent with superlu-
minal velocity from one of the correlated particles to the other. Such an assumption
could explain the relation of the particles on large distances. Such assumptions were
also expressed in different cases. But with such an assumption one immediately
comes into an unsolvable conflict with the theory of relativity which allows only an
exchange of signals from one particle to the other at maximum with speed of light.
The peculiar behavior of entangled particles can only be described in a common
non-local wave function, which allows statements about both particles at the same
time, but not for the single particle. Thus, quantum mechanics on the one hand pre-
dicts correlations, but it is not able to provide a descriptive understanding of their
occurrence. At this point, limits of mathematical decidability become evident and
principle limits of gaining knowledge and limits of explaining become apparent. Ein-
stein was mistaken when he wrote in a letter to Max Born: “It is characteristic for
physical objects that they can be imagined in space and time. An essential point of
view of this arrangement lies in the fact that the objects exist independently of each
other at any time as long as they are at different places in space..”.*’

It is difficult to see that entangled particle pairs must be described as a single
mathematic object, even if they are at a distance of light years from each other. In
this respect, quantum mechanics can only be understood as a non-local theory. Be-
low our usual classical everyday world, there is no reality in the conventional sense.
And besides, an objectively existing world on this level is an illusion.

Butifalready an “explaining” on a scientific basis must remain deficient, an “un-
derstanding” of such contexts in a hermeneutic sense is even less possible. On the al-
most infinite way to understanding, attempts of explanation give only one direction.
For these reasons, it is not surprising that the so-called “Copenhagen interpretation”
could never be strictly codified.

40 The Born-Einstein Letters, New York, Walker 1971, pp. 170-171. In: Resag, J.: The Discovery of the Indivisible.
Spektrum Akademischer Verlag Heidelberg (2010), pp. 63-64.
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1.7 Questions about the Reality of “Reality”: How Real is Reality?

In the previous chapter, the question was pursued whether or to what extent quan-
tum systems could be said to have a reality. Bohr answered this question in the affir-
mative, but he did not want to attribute an independent reality to them, because the
measuring apparatus is involved in the production of the quantum phenomena. In
his opinion, it is an integrated system of object, measuring apparatus and observer.
Thereby the question remains unanswered, how it can come to the definitive mea-
suring results? Furthermore, the question arises, why does an observed quantum
system not remain in the state of superposition in the act of measurement? This,
in turn, leads to the next question, in which way could the classical world emerge
from the quantum world? If one disregards the measuring process, the reality status
of a quantum system remains unclear. But it is undisputed that electrons or pho-
tons exist at all. So, an electron is defined by its properties, for example by its mass,
by its charge, by its spin, etc. On the other hand, electrons are not recognizable as
individuals. Each electron is in fact identical to the other. Furthermore, elementa-
ry particles are not precisely defined with respect to location and momentum at a
certain point in time. Thus, with sharply determined impulses, the determination
of location is fuzzy and with precisely determined location, again, its momentum
is fuzzy. Thus, it turns out to be highly problematic to want to fix the reality status
of such a particle at its properties. There is also the question of whether a particle
could have certain inner properties, which in principle could not be detected by the
measuring process. Is it at all impossible to measure all inner properties of a particle
at the same time and do they exist in reality at the same time? Albert Einstein dealt
with this question in detail, and he was firmly convinced that such hidden variables
must exist, while Bohr and others vigorously denied the existence of such hidden in-
formation. In the conventional approach, particles are seen as separated, as objects
distinguishable from each other and not directly influencing each other, which is
called locality. In the last decades great efforts have been made to obtain evidence
for the existence of such local internal properties of quantum objects. Today it is
assumed that such properties do not exist.

According to Heisenberg, the measuring device is embedded in an environ-
ment, to which additionally the observer belongs. Thus, the environment is also
included in the superposition state. This again raises the question, on the basis of
which processes can the definite sharply determined measured values be achieved.
Quantum theory describes physical systems objectively. However, there are ob-
servables of the system which are objectively undetermined for a given state, but
which are determined when a measurement is carried out. On the other hand, the
linear dynamics of quantum mechanics excludes the measurement process which
is in principle indeterministic. This riddle remains hidden behind a veil, which
can also not be lifted by the theories of decoherence, a many-worlds theory, or by
a theory of hidden variables. The secret remains that in a phase of the measuring
act that cannot be determined precisely, the unitary evolution of a quantum state
collapses and thus leads to the realization of a defined measuring result. Accord-
ing to the Copenhagen interpretation, a way out of this dilemma could be, if a
sharp cut, a so-called Heisenberg cut, is put between the measured object and the
measuring system, whereas such a cut between the macro- and micro-world can
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obviously only be put arbitrarily. But from which number of particles is a system
in a macro-state?"

An act of realization of a defined measurement result could be understood as a
physical process which, as Roger Penrose conjectures, could be based on the instabil-
ity of a superposition of two or more states of the spacetime metric. The state of such
a superposed system could be understood as a state of all possible alternatives with
complex-valued weights. The superposition of two states would evolve precisely in a
way as if each state alone would take place as a unitary evolution. Fundamental to this
development would be linearity. With the measurement, however, the rules would
change: The previously linear superpositions would be replaced by indeterminism in
the act of measurement. This step is called the collapse of the wave function or the re-
duction of the state vector. The mathematic formulation of these puzzling transitions
in connection with the measuring process, also called X-mystery by Penrose, should
be explainable in his opinion only in the context of a still more fundamental theory.*
With this hypothesis, the riddle remains unsolved.

In 1957, Hugh Everett published his “relative state” formulation of quantum me-
chanics.” The aim of his work was to reformulate a theory in which the discontin-
uous change of state of a quantum system is superfluous in measurement and is
replaced by a unitary time evolution of the wave function. This approach states in a
simplified way that the quantum mechanical state is always a complete representa-
tion of reality and does not lose any information during a measurement. In this con-
text, he referred to the double-slit experiment and concluded that in a measurement
of the wave or particle nature of photons, every possible state would be realized. In
this experiment, in his view, a single photon would pass through both the upper and
lower slits. Each photon passage would therefore be a realistic one. This would then
have the consequence that the reality, in principle even the whole universe, would
split up at every measurement into several universes, where one of the existing pos-
sibilities would be real in each of these universes. This theory, which seems strange
at first sight, was supplemented, refined and modified by a number of other authors,
for example by Bryce DeWitt and Neil Graham, David Deutsch and others, which
cannot be further discussed here.*

On the one hand, this approach of Everett defuses the measurement problem,
but on the other hand, the price to be paid for it seems to be very high. Zeilinger re-
fers in this context — and this probably in a correct way - to a fundamental principle
of the history of ideas, namely to the principle of Occam’s razor blade. This principle
namely states that entities should not be invented for which there is no necessity.*
A weakness in Everett’s theory could also be assumed in the fact that in connection
with this theory in the cosmological framework, the standpoint of an observer is no
longer taken.

41  Friebe, C.: Messproblem, Minimal- und Kollapsinterpretation. In. Friebe, C., Kuhimann, M., Lyre, H., Nager, P. M.,
Passon, 0., Stockler, M.: Philosophie der Quantenphysik Springer Spektrum Verlag Berlin.1st ed. (2018), p. 56.

42 Penrose, R.: Das GroRe, das Kleine und der menschliche Geist, Spektrum Verlag (2002) p. 82.

43 Everett Ill, Hugh (1957). “Relative state” formulation of quantum mechanics. Review of Modern Physics 29(3), p.
454,

44 Passon, O.: Nicht-Kollaps-Interpretationen der Quantentheorie. In: Friebe, C., Kuhimann, M., Lyre, H., Nager, P. M.,
Passon, O., Stockler, M.: Philosophie der Quantenphysik. Springer Spektrum Verlag Berlin.1st ed. (2018), p. 209.

45  Zeilinger, A.: Einsteins Schleier. Die neue Welt der Quantenphysik. C.H. Beck Verlag Miinchen (2005), p. 152.
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A further explanation approach for how reality could originate is pres-
ent in the so-called “de Broglie-Bohm theory”: In 1927, Louis de Broglie had pre-
sented a mathematical formulation of this theory at the 5th Solvay Conference.*
David Bohm, who was unaware of this work, published his paper in 1952 entitled “ A
Suggested Interpretation of the Quantum Theory in Terms of “Hidden” Variables."”

De Broglie called his theory a theory of a “guide wave”, which is based on the as-
sumption of the incompleteness of quantum mechanics. He described the measur-
ing process as an ordinary interaction resulting in a defined result as final state.* For
Bohm, the Schrodinger wave is nothing more than a tool to calculate a new physical
quantity which he called quantum potential. This is supposed to act in the manner
of a guiding field, which is supposed to perform a steering function for each particle
on its way through the double slit. Einstein had already spoken long before him of
so-called “ghost waves” which could guide the particles along their way. Critics of
this theory point out the example of entangled particles, however, that at a measure-
ment at an entangled particle, the quantum potential would have to change abrupt-
ly on the basis of a single observation in the whole space. This quantum potential,
which could be quite real, would then not be subject to the restrictions by the speed
of light, which according to Zeilinger, however, does not seem to be very plausible.”

In connection with the concept of information, the transition from the quantum
world to the classical world could possibly be understood a trace better:

Namely, the transition from the quantum world to the classical world could be
related to the amount of information a system carries. According to Zeilinger, ob-
servational results, generally speaking, “mean nothing more than information that
can be formulated in terms of answers to questions. In the most elementary case,
we have simple information in front of us, quite in the sense of Carl Friedrich von
Weizsicker’s “Ur™: Did a certain detector click or not? Or, in the case of two detec-
tors, did detector A make the “click” or detector B? Everything else is a mental con-
struction. ... We have also seen that it can lead to contradictions if we assume that
what we observe in our experiment already existed before the observation in the
form as we see it. For example, to speak of the path of a particle through the inter-
ferometer only makes sense if we actually measure this path. Without observation,
without measurement, we cannot assign any properties to any system. ..”.** And he
continues: “Since there apparently can be no difference between reality and infor-
mation, so information can be called the original substance of the universe”.”! These
remarks could be continued from information-theoretical point of view as follows:

To a macroscopic object of our everyday world, we can ask a number of questions
approaching the infinite, for example, questions about its weight, its color, its shape, its
chemical components, its spatial orientation, its energy, the energy levels of the particles
contained in it, questions about the kind and number of interactions between the parti-
cles, about the kind and number of elementary particles and so on ad infinitum.

46  Broglie de, L. (1927): La Structure atomique de la matiére et du rayonnement et la mechanique ondulatoire. Journal
de Physique VI8, p. 25.

47  Bohm D. (1953). A suggested interpretation of the quantum theory in terms of “hidden” variables. Physica Review
85, 166 (part 1) and 180 (part 2).

48  Passon, O.: Nicht-Kollaps-Interpretationen der Quantentheorie. In: Friebe, C., Kuhimann, M., Lyre, H., Nager, P. M.,
Passon, O., Stockler, M.: Philosophie der Quantenphysik. Springer Spektrum Verlag Berlin.1st ed. (2018), p. 200.
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Theoretically, a classical system can only be characterized completely with
respect to all its properties, if questions approaching infinity have been answered
definitely. What we understand in everyday language by a classical system is thus
ultimately a conceptual construct. The number of structurally available informa-
tion in a classical system, the number of possible bits, thus goes towards infinity.
In contrast, in the microworld, the amount of information a quantum object is able
to carry is many powers smaller. Objects in the microworld are not arbitrarily often
differentiable by question and answer. The limit of differentiability is one bit, i.e. the
limit of a single yes-no decision. The bit of information can only take two values, i.e.
either O or 1, and thus denotes an insurmountable limit, which can be described as
a smallest possible, as an elementary, system. If for example in the Mach-Zehnder
interferometer, either the path or the momentum of a particle is determined, then
one receives as an answer either the information about the path or about the mo-
mentum. To get both answers precisely at the same time is impossible for these rea-
sons: If the answer to one of the two questions, i.e. either about the path or the mo-
mentum is fixed, then the answer to the other question is completely uncertain. An
elementary particle, which is sent through the Mach-Zehnder interferometer, can,
related to the question, either after the path or the momentum, thus be regarded
as an elementary system, which can carry only one bit of information at a time. In
addition to the questions about the path or momentum, further questions can be
asked about the elementary particle, for example, the question about the spin. How-
ever, it always behaves in such a way that in each case only one bit of information is
available, and that for further questions no more bit is available. So, we can always
ask only one question, which receives a well-defined answer. Zeilinger remarks in
this context that the fact that an elementary system can carry only a limited amount
of information is an expression for complementarity and that complementary quan-
tities would correspond to mutually exclusive classical apparatus. From this, it can
be deduced as a consequence that N elementary systems correspond to N bits of
information.”® Photons that are in an entangled state thus provide 2 bits of infor-
mation. At each one, for example, the polarization can be determined separately,
which again corresponds to the classical situation. However, the measurement ar-
rangement can also determine how the polarizations of each relate to each other.
Four different entangled states are available for the polarization of two photons,
which, incidentally, are called Bell states. The two bits of information are used up to
determine how the two particles behave with respect to each other. The measure-
ment residuals at the individual participants of an entangled system must then be
purely random because the individual system cannot carry any further information.
According to Zeilinger, in this context, the question of possible hidden parameters
is therefore absolutely senseless.®. The coincidence is to be understood as a con-
sequence of the limitation of the information, which a quantum system can carry.
The total information alone determines how the measurement results relate to each
other. If, on the other hand, every observed system is representative of logical state-
ments, and if these statements are to be obtained in the form of yes-no statements,
then empirical experience is possible only in terms of such fine-graininess. Systems
that can carry sufficiently little information are therefore necessarily in a quantum

52  Zeilinger, A.: Einsteins Schleier. Die neue Welt der Quantenphysik. C.H. Beck Verlag Munich (2005), p. 223.
53  Zeilinger, A.: Einsteins Schleier. Die neue Welt der Quantenphysik. C.H. Beck Verlag Munich (2005), p. 224.
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structure. Moreover, the fine-graininess is a component of everything that can be
stated, where the statements must necessarily be present in a “counted” way. Matter,
therefore, exists on the level of its fundamental building blocks in quantized form.
Already Einstein and Max Planck had found out that for example, light exists only
as a multiple of a certain amount of energy. According to Zeilinger,* nature is also
quantized because the information about the world is quantized. Derived from this,
Zeilinger states that “reality and information are the same thing”.*®

In these passages, Zeilinger expresses in principle the same as was formulated
by C. F. von Weizsécker in a slightly different language: All objects consist of last
objects with n=2. These last objects were called primordial objects by him and their
alternatives primordial alternatives. Elementary particles must be built up of last
objects and the primordial objects “would be something like elements of a Heisen-
berg “primordial field” and he continues: “In the language used here, Einstein’s equa-
tion in its application to cosmology simply means that there is a coupling between
the quantity of matter and the curvature of space (N = R3 ) which follows from the
fact that the total volume of space, measured in nuclear units, is the number of bits
in the world and that the last objects are simply bits”.*

From this, it can be deduced that matter is built up from last objects and there-
fore from alternatives. The original substance of matter is information. Thereby the
term bound information denotes the immediate material properties of a physical
object, while free information is in principle part of a relation between systems. It is
representative of a binary relation between systems and thus not directly a system
property. During a measurement, bound information is transformed into free in-
formation. This information can then be linked with information of another origin
according to the rules of mathematics or logic. As long as free information is not
bound to a carrier, it is not measurable. It has no place in space. According to von
Weizsécker, a last object is defined by a last simple alternative. To distinguish be-
tween two of its states would already mean defining at least one further alternative.
Then it is no longer a last object. According to von Weizsécker, the single primordial
object corresponds to a particle with minimal momentum; thus, it is not localized
in space. Free information has, in contrast to bound information, equally no place
in space. Therefore, the assumption suggests itself to equate the elementary unit for
the free information with these primordial objects. Von Weizséicker tried to equate
the total number of primordial objects with the number of possible bits of informa-
tion and estimated this number to be 10120.5

Elementary particles exist in a quantum structure. The number of questions
that can be asked to an elementary particle experimentally is limited in principle
after what has been said. This quantum structure is a consequence of the answers to
questions, which are limited in the elementary particle, and thus of the alternatives
or structurally bound information contained in the quantum object.

Larger objects beyond the boundary of the atom, for example, larger molecules
or objects of our everyday life contain the multiple of last objects and information
compared to elementary particles. The answers to questions, which assign contin-
gent properties to a macroscopic object, are logically almost unlimited. In every
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measuring process, free information is extracted from the structurally bound infor-
mation of the measured object, which is registered in the measuring apparatus as
now bound information. At this point, a bold conjecture shall be ventured that the
entanglement state between quantum object and measuring apparatus could take
place via a flow of free information: This is because at the moment of measurement,
free information from the object under study becomes bound information in the
measuring apparatus. The pre-existing entanglement state would thus be dissolved,
and in a similar way as a molecular bond between two atoms in a molecule can
dissolve by the loss of, for example, an electron. Quantum objects carry far less in-
formation than classical objects, and the list of possible answers to questions posed
to them is far shorter than the nearly infinite list of questions that could be posed
to classical objects. But asking questions also implies interaction between the one
asking and the one being asked. Questions and answers, in turn, are in recursive
relationships with each other. Questions and answers must be able to relate to each
other. It is pointless to ask the moon whether my fountain pen contains enough ink.
There can be neither a yes nor a no to such a question. Quantum objects do not have
the multiplicity of possible answers to multiply asked questions. To a large number
of questions, they can therefore not be fixed concerning their answers.

In order to get a well-defined answer to a question, bound information would
have to be released from a quantum object, which reaches the receiver as free infor-
mation and is registered there in the measuring apparatus as bound information. A
question to a quantum object means that the information, which is also present in
the content of the question, can be structurally registered in the quantum object at
all, i.e. registered, i.e. bound. The catalog of questions that can be asked to a quan-
tum object is, as stated, in contrast to macroscopic objects, very limited. Due to the
simplicity of the structure of quantum objects, not every incoming information can
thus be bound and subsequently reproduced as an answer. The information in the
context with the question and the information of the answer must, like in a key-lock
relation, be in the kind of a complementary relation to each other. Thus, according to
this approach, the number of questions that can be asked at all to a quantum system
is limited from the beginning. What distinguishes a classical system from a quantum
system is the quantity of possible questions and answers. Thus, not only the measur-
ing apparatus and the observed quantum object have to be considered and included
in the considerations, but above all the structure of the question itself. For the ques-
tion is to be understood as an information carrier of its own kind. For example, in
Bell's experiment described above, a light source is excited to emit a pair of photons
in opposite directions, whose polarization states are entangled in certain directions.
In this entangled state, the individual photons have no unique polarization. Both
photons, after emission from the light source, subsequently impinge on two polar-
ization measuring devices. A pointer on the measuring instruments can be used to
set the direction in which the respective polarization is to be measured. The direction
of measurement is selected randomly and with equal probability for each measuring
device from one of three angles, for example to an angle of 30, 60, or 90 degrees. Thus,
the question about the respective polarization directions always includes informa-
tion about the angles set on the measuring device. For this reason, the question is
not informationless per se; rather, at least one piece of information is contained in
the question. The question and the setting of the pointer on the measuring instru-
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ment are thus carriers of structural information. The information-carrying questions
can dock or be registered in the quantum object as a receiver only if there is a com-
patibility between the structure of the question and the structure of the receiver, i.e.
the quantum object. If such compatibility exists, the question can be understood
and subsequently answered with a yes-no. If there is no structural compatibility, the
question cannot be answered. Semantics is thus derived from the structural com-
plementarity of the partners. Furthermore, the receiver structure on the quantum
object does not have to match the information bound on the question completely
precisely, rather gradations regarding the structural compatibility are possible: In the
double-slit experiment, for example, answers about the path and the momentum of
a particle can be obtained simultaneously under certain settings of the measuring
instruments, although no well-defined results can be obtained for both. Intermediate
steps between a precise yes-no are therefore possible. Quantum theory says some-
thing similar with the term qubit. Between the question and quantum object, there
might be an own kind of entanglement state, which is canceled at the moment of the
definite decision of a yes-no. Before such a definite decision it is not yet possible to
speak of “properties” or defined “states”. To ask different questions is, in a sense, to
make a choice of different classical systems of measurement. In such a sense, comple-
mentary questions would correspond to different measurement arrangements.

Knowledge about the world must always remain incomplete for these reasons.
As far as I have understood, this explains at least partly also the principle of entan-
glement on a quantum level. Because here, it is about possible knowledge about how
the results of measurement for example concerning the polarisation of two photons
behave to each other if they should be measured. The concept of entanglement re-
fers to possible knowledge about the relation of properties of elementary systems. In
the measurement result, different combinations of “true” and “false”, of yes or no are
determined, for example, yes-yes, yes-no, no-no, no-yes. Each of these combinations
would then be assigned an entangled state and so, it is not surprising that there are
in fact four different entangled states for the polarization of two photons, which are
called Bell states.*®

Because of the structural simplicity of quantum objects, a priori answers to
only a small number of questions are possible. The structural simplicity of quantum
objects could also provide an explanation for the fact that the same questions can
result in different answers because in the wake of their simplicity the receiver struc-
tures are structurally comparatively little differentiated or not constantly present.
The indeterminacy in the quantum field is thus something objective and it can be
deduced from the structural simplicity of its objects. A continuous temporal con-
stancy presupposes a certain structural stability. With classical objects the situation
is different: Because here, already due to their structural complexity, there are topo-
graphically numerous receiver areas for possible questions. They show a continu-
ous ontological identity, i.e. they can answer all possible questions. The difference
between a classical and a quantum object lies in the number of possible questions,
which can be asked of an object, for example by measurements or by the observa-
tion with our sense organs. Objects are therefore defined by the kind or number of
possible questions they can answer. An object is only defined as such ontologically
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precise if it has answered a certain catalog of questions. Quantum objects can an-
swer only a comparatively small number of questions and for this reason, appear
spatiotemporally only shadowy. But this also means in reverse that the world of the
objects appears in our observation, i.e. in the questions which a measuring appara-
tus or a consciousness asks of them.

This raises the question: Who asks?

If the original substance of the world is information, then the world and all re-
ality emerge from questions and in their wake from definitely decided alternatives.
Questions in simplified form are to be recognized at all stages of the material con-
struction of the world when looking closely: For example, before deciding whether
atoms combine to form molecules, there is the question of energy efficiency. This
question is related to the laws of conservation of energy. If the answer to the ques-
tion is yes, then atoms can combine to form molecules. Whether a gene codes for a
certain protein or not is related to the question of whether, for example, there is a
need for the formation of an enzyme in cellular metabolism. Whether or not a neu-
ron emits an action potential is related to the question of whether or not a muscle
should contract, for example, and so on.

Thus, before any generation of information from alternatives, there is always a
question.

The question would thus be something absolutely fundamental and its basic
substance would be the alternative.

To be able to become a question at all, however, an instance is to be thought,
which asks the question. As such an instance one would have to think of some form
of a not further to be specified, a possibly not human-related consciousness. Such a
consciousness, which can be thought abstractly, cannot be physical for the reason
alone that it would be assumed to be far below the physical level, namely the level
below the alternative and therefore in the abstract. It could be the form of an imma-
terial, which is ontologically fundamental.

So, all reality emerges from questions that are decided - if one follows the the-
ories of physics. Questions do not take place in empty space; they originate from a
fundamental and conceptually not further graspable intention and they are directed
towards an answer. Thus, already in the question an intrinsic dynamic is implicitly
contained.

A first question would be conceivable as a question alone and still without a con-
tent structure. It would be conceivable as pure potential, as pure intention, spread
out over the spaceless void. As a question, it is thrown back on itself, it is pure first
alternative, which had been called “Ur” by C. F. von Weizsécker. This question can
only be its own answer and the answer would be a first yes. In the beginning, there
was the yes, a yes to everything that is and will be. A consciousness can ask ques-
tions that can be answered with a yes-no in the sense of information. Information is
only information if it generates new information. To be registered and understood
as information, it needs a carrier. The carrier of information is matter, which itself
comes from information. Therefore, a spiritual way of being is the dynamically ori-
ented original matter, an intention, a dynamic, which is the representative of the
form of such a way of being. The spiritual is potential. All reality is with it, according
to its reason, something spiritual. Reality emerges from it, and it is the unfolding
process of such spirituality.
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1.8 Change from the Science of Being to a Science of Becoming

The year 1685, when Newton presented his “Principia” to the Royal Society, could be
regarded as the date of birth of modern science. The Newtonian worldview, which
was called classical, was based on the idea of a science of being, which was based on
strict rules. Thus, Newton formulated in the first edition of his “Principia” (1687) two
rules fundamental for this worldview:

1. One must allow for natural things only as many causes as correspond to truth and
are at the same time sufficient to explain the phenomena; for nature is simple and
wastes no superfluous causes.

2. Therefore, the causes of natural effects of the same kind are the same.

In these passages, the linear connection of cause and effect is quasi canonized,
and thus fundamental positions of classical determinism were initiated.

In this worldview, however, if looked at closely, the return of the same was pro-
grammatically determined: For all change was reversible in principle. Disturbances
acting from outside on the systems resulted in the opposite appearance of regulat-
ing forces, which restored the former equilibrium. In such a conditioned world of
Newtonian mechanics, notions of a becoming out of itself naturally had no place.
“Nihilo nihil, nihilum nihil”, i.e. from nothing nothing comes into being, in nothing
nothing passes away.

Determinism follows the principle of causality: everything that happens is
caused and therefore follows from something that precedes it. The differential
equation became the decisive mathematical tool of determinism. The classical law
of causality corresponds to the unambiguous and exact solution of an equation of
motion: equal application of force results in equal acceleration, equal causes result
in equal effects. Systems that can be described by differential equations are exact-
ly predictable in their development. The complete knowledge of the system in its
present state allows a reconstruction of the past and a prediction of the future. The
theorem of sufficient reason expresses something similar, namely that nothing can
happen without a reason. The world of Newtonian mechanics was thus an idealized
world of reversible processes, in which the recurrence of the same was programmed.
Modern classical mechanics, therefore, tried to find the regular and always recurring
in the variety of natural phenomena and to insert this into general laws. Thus, Gal-
ileo discovered general rules for the motion of bodies on earth, Kepler discovered
them in connection with the motion of celestial bodies and Newton developed his
law of forces and was thus able to establish rules on a general basis that applied to
the motions of bodies on earth as well as in the sky. All these movements were again
mechanically-causally determined and without an external force, no movement was
possible. Descartes tried to extend the principle of mechanical-causal determinacy
to living systems. Accordingly, all of a sudden, man had become a mechanical-causal
determinant as well, who was understood as an admittedly extremely complicated
machine, which in principle, however, functioned according to the laws of causal de-
terminacy. According to these ideas, not only man but the entire universe was sub-
ject to auniversal mechanical-causal determinism, and everything that happened in
the past, present and future was unwinding on an infinite chain of mechanical cause
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and effect relationships - a cosmic clockwork, which was vividly depicted in the
clockwork of the Strasbourg Cathedral. In such a clockwork world, however, there
was no room for spontaneously emerging new things. On the other hand, chaos,
disorder, and irregularity found their expression only sporadically in the religious
founding mythologies about the beginning of the universe. Because the planetary
orbits had become calculable with mathematical precision, the celestial bodies and
with them the whole world finally lost their mystery. This paradigm of a world strict-
ly governed by mechanical laws became the birthplace of modern reductionism,
the offshoots of which reach into the understanding of the world and nature of the
21st century. This deterministic worldview found its often-quoted expression in the
paradigm of the so-called “Laplace’s demon”, whereby it should be expressed that a
demon, if the state of the world should be completely known to him at a single point
of time, would be able to calculate precisely all previous and future states of the
world from the laws of nature with the knowledge of all laws of nature. This strictly
closed deterministic worldview experienced first breaks and cracks in its theoreti-
cal structure in connection with the development of thermodynamics in the 19th
century. Because: Our everyday experiences point in another direction after all. For
the world of our experiences is a world in which something new is constantly being
created, a world that is constantly progressing from the simple to the complex, from
the single-celled organism to man, from the atom to the space rocket.

Moreover, in all phenomena of our lifeworld, whether in the physical, the bio-
logical, but also in our cognitive and emotional, and last but not least in our cultural
lifeworld, future and past have quite different meanings.

For centuries, the conception of time running uniformly from the past to the
present and from here into the future in the Newtonian worldview was regarded
as a universal measure in which all physical events took place exactly according to
mechanical laws. It was just that clockwork universe which Ilya Prigogine character-
ized centuries later in this way: In this universe, God had shrunk to a mere archivist
who only turns the pages of a cosmic history book that is already written.*

Already at the time when the influence of Newtonian mechanics on human
thinking was approaching its peak in the 18th century, far-sighted natural scientists
had recognized that the physical-mechanical paradigm valid until then could at best
only explain sparse sections of reality. In a fictitious dialogue with d’Alembert, Did-
erot had already written: “Do you see this egg? ... What is this egg before the germ is
putinto it? An insentient mass. ... But how does this mass come to another structure,
to sentience, to life? Through heat. How is heat generated? Through movement. ...
First, there is a vibrating point, then a tissue. ... Wing tips, eyes, paws appear. ... Now
itis an animal. ... Do you still want to claim with Descartes that it is a mere machine
for imitations?”® With this, Diderot gave expression to the realization that by no
means all phenomena of nature can be accommodated in the thought building of a
Newtonian one. On the contrary, Diderot refers to an anisotropy of the time struc-
ture, which in turn is linked to the concept of irreversibility. This anisotropy forms
the basis of the causal law in the first place because a statement like “After winter
follows spring” always presupposes a structuring of time into its modes like “before”

59  Prigogine, I.: The Rediscovery of Time. In: Science and Complexity. (Ed.) Nash, S. Science Reviews, Northwood,
Middlesex. (1985), S.11.

60 Diderot, D.: D'Alambert‘s Dream. Philosophische Schriften, Vol. 1. Berlin (1961), p. 526; quoted from Cramer, F.:
Chaos und Ordnung. Insel Verlag Frankfurt a. M (1993), p. 248.
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and “after” and is thus one of the basic conditions of the possibility of experience at
all. Irreversibility as a sequence of real events is a fundamental fact of experience. A
broken glass does not reassemble by itself, and it would be nice if the egg that was
broken and melted on the new suit would reassemble by itself and without leaving
any residue. Thus, the flourishing business model of cleaning companies is based on
the fundamental law of irreversibility.

With the advent of thermodynamics, a transition took place from the consid-
eration of processes in equilibrium states or processes with reversible dynamics to
processes in non-equilibrium states and an irreversible dynamic structure. The sec-
ond law of thermodynamics states that closed systems must lawfully and irrevers-
ibly strive towards an equilibrium state, which is characterized by a maximum of
entropy. In this state, all differences in the distribution of matter and/or energy are
cancelled. The entropy must therefore increase according to the second law. Thus,
in the state of a maximum entropy also every order in the state of a structureless
equilibrium state must be lost. If one transposes these thoughts to the universe as a
whole, one could come to no other realization than that our universe strives towards
a final heat death. At such a final point of the universe, then, initial and final state
would be the same and both reflect the other, i.e. a perfect uniformity, from which all
former differences have evaporated.

All physical-chemical processes are subject to the second law, according to
which all natural processes cause an entropy increase in the universe. Thus, every
chemical reaction is characterized by an anisotropy of the time structure, so that
in its course there must be a difference between past and future. On the basis of
the second law, the direction of the different reaction stages tends towards an equi-
librium state which lies in the future. In closed systems, temperature differences
balance out towards a final uniformity. In this context, development would be to
be interpreted according to its meaning logically in such a way that it leads to the
disappearance of its own occasions.® In thermodynamically open systems the con-
ditions are different: According to I. Prigogine, any temporal entropy change can be
decomposed into two types of contributions, namely the entropy flow, which derives
from the exchange of the system with the environment, and the entropy generation
itself, which results from the irreversible processes within the system. The condi-
tions of the second law, however, refer only to the generation of entropy, not to the
mentioned entropy flow. A state of equilibrium exists when both entropy generation
and entropy flow tend toward zero. Stationary states are characterized by the fact
that the entropy of a system does not change anymore, although the entropy-gener-
ating physical-chemical activity continues. It has to be added that the second law is
only valid for closed systems. In contrast, the world surrounding us unfolds out of an
immense number of complexly interconnected, open and non-closed systems. It will
be described in more detail below that such thermodynamically open systems are
capable of self-organization and the continuous generation of new orders through
constant energy exchange with the environment. Thus, the transition from a science
of being to a science of becoming has been made.

61  Prigogine, |., Stengers, |: Das Paradox der Zeit. Piper Verlag Munich Zurich (1993), p. 77.
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2 Autopoiesis and Self-Organization
in Animate and Inanimate Systems

2.1 Remarks on the Evolution of the Universe from a
Physical Perspective

The processes in the universe are governed by fundamental physical laws.

In the large dimensions of the universe, a high degree of order and uniformi-
ty becomes apparent. So, the composition and the movement of the star systems
behave similarly everywhere and, as far as we know, the physical laws known to
us are valid everywhere. The radiation of the universe is homogenously distribut-
ed and corresponds to about -270 degrees Celsius. As measurements with COBE or
WMAP have shown, blackbody spectra are typical for this background radiation. We
also know since Hubble that the universe is expanding. From this, the conclusion is
drawn that the universe must have expanded from an initially small and extremely
densely packed state. Such an initial event, referred to as the Big Bang, is thought to
have occurred about 13.7 billion years ago. From the observations of the background
radiation can be deduced that at the beginning of the universe, matter must have
been distributed over space with high uniformity and it must have had the same
density and the same temperature everywhere. The universe must have been, at its
beginning, in a state of high temperature of estimated 10 billion degrees Celsius and
extremely high density to cool down with increasing expansion. However, it has been
found in the meantime that the mentioned background radiation is not exactly the
same everywhere. Matter has clumped to solar systems, to galaxies, to clusters and
superclusters of galaxies. One assumes that already at the beginning smallest exist-
ing irregularities in the distributions of the early matter have strengthened under
the influence of the gravitation more and more. Today, it is also assumed that 13.7
billion years ago and shortly after the Big Bang the universe consisted of an ionized,
opaque gas, which should have been distributed evenly, however not exactly evenly,
over space. Approximately 380,000 years after the Big Bang, the universe had already
cooled down to a few thousand degrees. Now atomic nuclei and electrons caught
together in the initially still ionized gas. This had the consequence that the gas be-
came transparent, and the radiation could penetrate the matter. This background
radiation thus opens a view to the astronomers on a still early, i.e. 380,000 years old
universe, which is supposed to expand from every point in all directions. Accord-
ingly, the universe has no center because all past observations led to the result that
the galaxies move away from all others. What expands thereby is space.®? From this,
the idea is derived that it is a universe without an edge and without a center. In this
respect, the concept of a “Big Bang” should not lead to the erroneous idea that the
initial expansion took place from a specific point. At that time, neither points in
space existed, nor a space at all. The Big Bang is understood by cosmologists as a
kind of space horizon. We will never be able to look behind this space horizon imag-
ined in such a way. Much more, empirical findings suggest that we will never be able

62  Davies, P.: Der Kosmische Volltreffer. Campus Verlag Frankfurt a. M. New York (2008), p. 45.
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to make observations beyond a limiting distance of about 13.7 billion light years.
In the context of observing galaxies at a distance of about 13 billion light years, we
can register light that has traveled a distance of an almost intangible 13 billion light
years in the meantime. At the moment of such an observation, astronomers thus
look at a galaxy in its state of 13 billion light years ago. In view of the enormous ex-
pansion of the universe that has taken place in the meantime, the distance of such a
galaxy must thus be much greater. With the Hubble telescope, it became possible to
observe galaxies at a distance of approx. 28 billion light-years.

Moreover, the space of the universe is not flat in the sense of three-dimensional
Euclidean geometry, but it is curved due to the gravitational effects.

With the development of his general theory of relativity, which was published
in 1915, gravitation became the determining force in modern cosmology. Einstein
saw in it not only a force but rather he understood gravitation as a curvature of the
geometry of space. In the presence of large masses, space experiences a distortion
accordingly. This curvature of space, which was predicted theoretically at first, was
proved on the occasion of a total solar eclipse in 1919 by Arthur Eddington, who
calculated the curvature of the light beam of stars from small position differences,
when the sun was exactly in the center of the field of view.®® By the way, the stron-
gest deflections of light rays are caused by black holes, because light cannot escape
from them. The mass of the universe is estimated at 10* tons. With these enormous
masses, space experiences thus manifold curvatures or distortions. According to an
Einsteinian idea, space could resemble the three-dimensional surface of a sphere,
which is also called a hypersphere.

For a better understanding: The earth’s sphere has a center, but not the earth’s
surface. Thus, the three-dimensional surface of such a hypersphere could also have
no center. For reasons of principle, it would then not be possible to make any state-
ments about the interior of such a hypersphere. So, there is no center in the universe,
the expanding space is limited, but the universe has neither barriers nor borders. In
this context, astronomers develop quite bizarre ideas that it could be possible, at
least in theory, to look further and further into the depths of space with high-perfor-
mance telescopes, and at a distant point in time, possibly after billions of years, we
would then see ourselves again. However, this idea does not seem to be completely
absurd, because what we see in the universe is always ourselves, if we take a closer
look.

Although the space is formed locally by the galaxies and by galaxy clusters, it
is supposed to be flat in its totality in the Euclidean sense according to some theo-
ries. The total mass of the universe is supposed to be zero because the positive mass
energy of the matter is supposed to be canceled by the negative mass energy of the
gravation field of the matter.*’

One second after that event called Big Bang, the universe existed in the state
of plasma with freely moving elementary particles, for example, protons, electrons,
and neutrons. Some protons united in nuclear fusion processes with neutrons to
helium nuclei, which are known to consist of two protons and two neutrons. Others
formed deuterium nuclei.

63  Davies, P.: Der kosmische Volltreffer. Campus Verlag Frankfurt a. M. New York (2008), p. 59.
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Modern physics is able to experimentally reconstruct the events between a mil-
lionth of a second and a few minutes after the Big Bang. Thus, it is possible to deduce
from the findings of nuclear physics that the processes of nuclear fusion came to a
halt just a few minutes after the Big Bang after the temperature had dropped below
100 million degrees in the wake of rapid expansion and cooling.

The question about the origin of the Big Bang from an initial state to be called
singularity still remains highly speculative, because in such an imaginary “point” the
physical equations would go towards infinity. In such a case, therefore, the invariable
validity of the physical laws can no longer be trusted. So, in this context, the question
arises as to how far the range of validity of these laws could be extended at all. The
equations for electromagnetism established by Maxwell are valid in the size range
of atoms as well as in the range of galactic magnetic fields, which are 1032 times
larger. Thus, these laws without any doubt have a universal validity. On the other
hand, if the laws of quantum mechanics are applied to gravity, large deviations from
the predictions of general relativity are to be expected, namely in the range of the
Planck length of 10-33 cm. With this length, a fundamental length scale is reached,
at which extrapolations in connection with gravitation are no longer possible. A fur-
ther fundamental time unit is given with the Planck time of 10-43 seconds. In these
almost infinitely small orders of magnitude, general relativity fails. From this it is to
be deduced that the range of application of the general relativity should end in the
proximity of the Big Bang from a period of less than 10-43 seconds. The discipline of
the so-called quantum cosmology deals with quantum effects in the vicinity of the
Big Bang singularity and with questions about a possible quantum state of the early
and the present universe.

The arrangement of electrons in atoms determines the chemical properties of
today’s matter. From this, finally, the whole complexity of the material world emerg-
es. And nevertheless and in spite of this immense complexity, the world of the ma-
terial is essentially determined by two numbers that cannot be derived any further:

1. by the quotient of the mass of the proton and the mass of the electron with the
value 1836,104 ... and

2. by the quotient of the square of the electric charge of an electron and the product
of the speed of light and Planck’s constant from the quantum theory. This quan-
tity is called the fine structure constant. Its value 1/137.036 ... is determined by
combining the measured values of the three constants.

However, science is still not able to explain the riddle of how these values could
come up at all. If these values had been only slightly different, a completely different
universe would have arisen. These constants are almost the elementary condition
for the fact that life could develop at all in the universe.

Another comparison seems to be very remarkable: The strength of the gravita-
tional force is determined by Newton’s gravitational structure constant 5,9041183 x
10-39. This value is in comparison with the fine structure constant with 1/137,036
... vanishingly small. These ratios mean that the electromagnetic forces between
protons and electrons in the atom are incomparably stronger than gravity, which
is therefore of no essential importance for the structure of atoms. The sizes of as-
tronomical bodies are again determined by the values of the fine and gravitation-
al structure constants. These conditions which are elementary for our existence
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depend on such constants, whose origin is completely unclear. Equally remark-
able is the fact that between some combinations of these constants, quite unusual
agreements turn out: For example, carbon, which is so important for life on Earth,
is formed in the explosion of stars in a two-step process from helium nuclei called
alpha particles, two of which combine under stellar conditions to form the element
beryllium. From a physical point of view, this is a rather improbable process. In the
wake of a so-called “carbon resonance”, however, such an improbable process can
occur far more frequently than would be expected. In this process, the energies of
the particles involved and the thermal energy of a star add up to a value that is very
slightly below the natural energy level of a carbon nucleus. Thus, a carbon resonance
level is reached, which facilitates the carbon synthesis so important for life. Possibly
even more remarkable is the fact that this carbon resonance level is very slightly
above the total energy produced in this reaction. Every carbon nucleus in our body
has thus originated from stellar matter. Moreover, another resonance level exists in
that oxygen nucleus which would be produced in the next step of the chain reaction
if a carbon nucleus could interact with another alpha particle. However, this reso-
nance level is exactly above the total energy of alpha particles, carbon core, and stel-
lar environment. This, in turn, has the consequence that the carbon is not complete-
ly destroyed in the course of the next resonant nuclear reaction. This is a very precise
tuning of the resonance level, where the position of the resonance level depends in
a complicated way on the numerical values of the physical constants. Coincidences
of natural constants tuned to the most exact are therefore the precondition for the
emergence of our universe and therefore of life. Moreover, our universe is to be called
peculiar for the reason that it is in an ordered state which must be called improbable
for reasons of thermodynamics. Moreover, observations with the Hubble telescope
have shown that the universe expands in all directions at the same speed. This isot-
ropy of the expansion of the universe is very striking because it raises the question
of whether there could be cosmic processes that could be able to smooth possibly
occurring inequalities in the expansion or also the question of whether the universe
could have expanded isotropically already from the beginning.

Unresolved questions arise not least in connection with the concept of entropy:
Since the entropy of the universe increases with time, the universe should have been
in a state of high order and low entropy in its initial state. But the probability for this
is quite conspicuously very small. Because it is rather reasonable to assume that a
so-called Big Bang would have to have developed from a random initial state with
greatest randomness, greatest chaos and minimal order. This apparent paradox has
already been pointed out at the beginning. The entropy concept contains a sum-
mary of states according to the criterion of coarseness. According to the 2nd law
of thermodynamics, the entropy must increase. Thus, it becomes possible, under
precise knowledge of the present state of a system, to predict its most probable state
in the future. Thus, it is possible to predict that a teacup on the floor will shatter into
shards when it falls from the table. The shards on the floor denote a higher state
of entropy than before. However, if we tried to make a prediction in the opposite
direction, the probability would be vanishingly small that the cup was initially on
the floor as a pile of shards and that the shards would have spontaneously coalesced
into a cup afterward. We know that someone had put the cup on the table and that
it had fallen on the floor for some reason. So, there is a chain of justifications for
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why the cup had been put on the table in the first place. This chain of justifications
goes further and further back to states of lower entropy in the past, i.e. the further
back in time one would go, the smaller the entropy. Thus, based on the second law
with the increase of entropy, such a process would not be clarifiable. Roger Penrose
points out in this connection that these questions could possibly be clarified only
in the course of a theory of quantum gravity.** So, if the described natural constants
would not exist in such an exact coordination, then no life would be possible, and no
consciousness would have knowledge of this universe. The emergence and existence
of the universe depend on an extremely exact fine-tuning of these physical constants
whose origin we cannot explain. The last truth lies, as already Einstein suspected,
unattainable for us on an asymptote: “However we select a complex (of phenomena)
with the help of the criterion of simplicity, in no case the theoretical treatment will
prove to be the right one forever. ... But I do not doubt that the day will come when
also that description (the general theory of relativity) will have to give way to anoth-
er one for reasons which we cannot suspect at present. I believe that this process of
deepening the theory has no limits™.%

Based on and probably under the overwhelming impression of these described
riddles and findings equally the so-called “anthropic principle” was formulated,
which should lead to the most violent controversies in the scientific community.
In the bow wave of this principle, which can be called a hypothesis, a considerable
number of publications were published, for example by Bernard Carr and Martin
Rees® or John Barrow and Frank Tipler®, Paul Davies® and a number of other au-
thors. The “anthropic principle” was described in the 1980s as a “quasi-religious prin-
ciple™. ™

From circles of theoretical physics, even the question was raised in the mean-
time whether the known laws of nature must be possibly not chiseled in stone and
that their range of application could come into wobble in the proximity of an as-
sumed Big Bang. Possibly they could be effective only within a range of moderate
energy levels. Today, even the ideas of models of a multiverse instead of a single
universe are discussed.”

Last but not least, the question is also raised whether perhaps in other regions
of this universe of ours, completely different laws of nature could apply. All this is
speculation, and with certainty it can only be said that we humans are in a region of
the universe in which life is possible.

The modern sciences of becoming have shown that the second law of thermo-
dynamics, which is based on the principle of the increase of entropy, does not at all
forbid the spontaneous emergence of order structures. Thus, the second law is still
valid. The contributions of Prigogine and other authors to non-equilibrium thermo-
dynamics and dissipative systems allow, however, indications that a postulate of a
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