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Preface

The impact of nanoscience (nanotechnology) will be tremendous. The manipulation
of atoms and molecules will allow to construct new scientific and technological
worlds and will bring fundamentally new perspectives in all fields, for example, in
the development of new electronic devices and also in the field of medicine. In the
case of nanobiotechnology, big changes are expected. It has been speculated that
through nanoscience the bodies of human beings will be transformed into undecaying
systems, that is, an infinite life is not excluded through the prospects in nanoscience.

On the other hand, the threats in nanotechnological applications are large; in
connection with self-organizing processes, uncontrolled processes and strong de-
structions may appear. It has been speculated that even the entire earth could be
transformed into a system hostile toward life. In other words, biological individual-
ity, that is, life, would no longer be possible on the Earth.

To put it exaggeratedly, in nanoscience (nanotechnology) we move between
two limiting cases, between two poles, and these poles are given by “total destruc-
tion” and “infinite life.”

We have to be careful; it must be a challenge for science to understand and
to describe all these processes in order to avoid disasters. On the other hand, re-
alistic theories open the door for fantastic new possibilities, just in connection
with medicine.

This situation requires reliable theoretical conceptions for the understanding of
the various effects in nanoscience. In this book we discuss critically traditional
methods, and the necessity of new aspects is underlined.

�
In nanoscience and nanotechnology, there are various disciplines working with
principally different systems. Examples for typical directions are functional nano-
materials, food chemistry, medicine with brain research, quantum and molecular
computing, bioinformatics and nanoelectronics. All these disciplines have their
basis at the nanolevel. Why?

In nanoscience, we work at the ultimate level. Here, the properties of “all” kind
of condensed matter have its origin. In fact, nanoscience (nanotechnology) reflects
the smallest level at which the properties of the physical reality emerge and at
which biological individuality comes into existence. This material world is defined
in “absolute” terms. Daniel and Mark Ratner formulated this feature in their book
Nanotechnology and Homeland Security as follows: “[. . .] through nanotechnology
we can make materials whose amazing properties can be defined in absolute terms:
This is not only the strongest material ever made, this is the strongest material it
will ever be possible to make.” In other words, in nanoscience (nanotechnology)
scientists work at the ultimate level.
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The biological structures also have their origin at the nanolevel, building up of
molecule by molecule, macroscopic biological systems. That is, biological individual-
ity has its origin at the nanolevel too and is expressed in its ultimate form at this
level.

�
The development of the scanning microscope was the essential step toward nano-
science. This device made it possible to move single atoms in a controlled manner
from one position to another. To do that in a “controlled” way is important here.

It became possible to manipulate matter at its ultimate level. This is the basis
for technological developments. It now makes sense to engineer physically real sys-
tems at the nanometer scale, just at the level where the basic features are physically
defined. In other words, technology has reached the level of science. Nanoscience
and nanotechnology are basically undistinguishable.

We have one theory for all disciplines in nanoscience, and this theory is given
through the basic laws of theoretical physics. In traditional technologies (micro-
and macrotechniques), engineers do not work at the ultimate level. They use more
or less phenomenological descriptions which, in general, cannot be derived from
the laws of theoretical physics, that is, each technological direction has its own
description.

The topics in nanoscience are more basic than in micro- and macrotechniques
and we have here to work with the conceptions of theoretical physics. But it has to
be underlined that also theoretical physics enters a new realm when it is applied to
nanoscience. New forms of conceptions and novel tools are obviously necessary.
The class of self-organizing processes, which belong to the heart of nanoscience, is
an important and typical example. This field is analyzed in this monograph.

Self-organizing processes are “time sensitive,” that is, the theory must have a
realistic conception for the phenomenon “time.” Does traditional physics treat the
time in a satisfying way? This is not the case, but becomes particularly necessary
when we enter the nanorealm. This field is also analyzed in this monograph.

�
What is time? We cannot put a piece of time on the table and detect it. Nevertheless,
human beings experience the phenomenon “time.” There is one type of time in tradi-
tional physics and this is defined by our clocks. But within science and technology,
this type of time is used and applied too, without changing its principal definition.

No doubt, outstanding theories have been introduced in physics, but the notion
“time” remained unchanged, despite the developments in the theory of relativity.
Scientists developed quantum theory, but a quantum aspect of time is missing.
That what we define as time is an external parameter and is not a property of a
physically real system (object). But this is a deficit! This is an important topic and
we analyze the situation in this book.

VI Preface

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



The external time is not coupled to physical reality. This type of time is used in
the description of physically real processes but, on the other hand, time itself is not
produced through physically real processes. In other words, this type of time is not
coupled to the physically real world.

We need a more sophisticated type of time in physics and nanoscience, which
is not external in character, but is coupled to the systems under investigation. That
is, a “system-specific time” is needed.

The external time, displayed by our clocks, reflects rather a naive point of view.
This is clearly expressed through a statement by Julius Fraser. He gave the follow-
ing comment in his book TIME, the Familiar Strange:

The time is like the cable of the cable railway of San Francisco. The cable is driven by a far and
invisible machine, is however hidden. We know that it moves, because the carriages are con-
nected and are carried with it. Completely similarly we usually see the time in everyday life as
a universal, cosmic movement of the present, of the now; they are propelled by natural or di-
vine forces and matter, life, humans and society are connected with them and are propelled
and along-moved for a while.

The San Francisco cable railway is of course a metaphor but it exactly reflects the
situation of how we experience the phenomenon “time.” However, we avoid giving
a concrete conception. For example, Albert Einstein remarked the following: “Time
is that what we measure with a clock.” However, time is obviously more than that:
a human not only looks at the clock, but he/she has a certain “time feeling.”
Einstein told us how time behaves but not what time actually is.

The clock time is, as we already stated, merely an “external” time and has noth-
ing to do with the objects under investigation and it is in particular not the reason
for the time feeling of human beings. This external time cannot be rationally ex-
plained by the conceptions of traditional physics. It is a metaphysical element, so
to speak. The metaphor with the San Francisco cable railway underlines that.
Where is such a time-producing machine hidden?

There is not “one” system existing, singular in character, which produces what
we call time. But time has to be based on physically real systems. In other words,
not “one” singular system produces the time, but “each” physically real system
(object) does it. This exactly means “system specific.” This is the conception.

A lot of physically real systems (objects) are in the universe but none of them is
preferred and singular. Each of them must therefore have its own time structure
which is, in other words, system specific. This peculiarity is compatible with the
individual time feeling of human beings.

In fact, we have to assume that the time behaves system specifically and
does not reflect a singular feature as is the case in traditional physics. All that
indicates that the time is not comprehensively treated enough in traditional
physics. This is particularly accentuated by the fact that there is no quantum as-
pect for the time. An operator for the time does not exist in traditional quantum theory.
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Erwin Schrödinger tried to introduce such an operator within the formalism of tradi-
tional quantum theory but without success. The philosopher Mario Bunge underlined
that the role of time in the usual form of quantum theory is not acceptable. In fact,
during the last decades, the quantum aspect for time became more and more a relevant
item. In this monograph, an overview is given and its relevance for nanoscience is con-
structively discussed.

�
No doubt, theoretical physics is important for nanoscience. On the other hand,
nanoscience has an influence on the developments in theoretical physics. New as-
pects in nanoscience are often challenges for basic physics and problems come up,
which were not considered before. In those cases, we have an expansion of theoret-
ical physics through nanoscience (nanotechnology). Here the “nature of time” is a
prominent example.

With nanoscience, we enter a higher level of reality, higher and deeper than
that on which traditional physics is based. This step is required when we want to
describe the typical features of nanosystems realistically. For the understanding of
the effects at the nanolevel, basic conceptions have to be deepened and expanded.
In particular, the nature of space and time plays an essential role in this connec-
tion. Here Mach’s principle comes into play and has to be fulfilled. We discuss
these basic features in all chapters of this book.

The effects in nanoscience are essentially quantum phenomena and are time
sensitive. It is argued in this monograph that the external time of traditional phys-
ics is not sufficient for the analytical treatment of nanosystems and we obviously
need here the conception of the system-specific time. In Chapters 4–6, we discuss
this point in detail, also in connection with mathematical formulations. In
Chapter 7, we underline that the existence of the system-specific time is of general
interest and can probably solve the problem that science has with respect to the
cosmological constant.

Nanomedicine is of particular interest. Here, the nanoengineering of brain func-
tions is an often discussed topic. In this connection, an overlap of matter states
with mind states is inescapable. In particular, the interrelation between basic real-
ity, mind, brain and matter has to be considered. We discuss this point particularly
in Chapters 4 and 5. The principles of evolution and the methods of behavior re-
search deliver essential arguments.

Wolfram Schommers
University of Texas, Arlington, USA

and
Karlsruhe Institute of Technology
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Chapter 1
Challenges in nanoscience

With nanoscience, we enter a new field not only in science but also in technology.
Science and technology grow together and become undistinguishable. In other
words, technology has reached the level of science.

The door for completely new perspectives will open. In nanoscience, we work
at the ultimate level where the properties of matter and biological individuality
emerge. Can we transfer the basic laws of physics, used so far within the frame the
traditional technologies, to the realm of nanoscience? New possibilities create spe-
cific challenges, just in connection with theoretical descriptions. Therefore, the re-
alistic theoretical treatment of future nanoscientific problems demand new and
extended physical conceptions, which were, so far, not relevant.

In fact, the more we penetrate into the details of nature, the more we need real-
istic conceptions for their description, that is, we need conceptions with increasing
sophistication and reliability. When we enter the realm of nanoscience, we pene-
trate deeper into the details of nature. In such cases, the basic physical laws will be
more disclosed and we have to respect this situation.

It is an illusion to believe that the traditional laws of theoretical physics can be
transferred without modifications to the realm of nanoscience (nanotechnology). In
this chapter, some relevant points are quoted.

1.1 Nanoscience: basic questions

Nanoscience will be the dominant direction for technological developments in the
future. This new science will influence our lives to a large extent. Specific manipu-
lations of matter in the atomic realm, for example in materials science and medi-
cine, will open completely new perspectives on all scientific and technological
disciplines. The impact of nanotechnology will be far-reaching: Brain functions will
be influenceable and we may be able to manipulate intelligence through nanotech-
nological operations. The potential advantages gained through nanotechnology are
tremendous, but there are serious threats as well, which will be underlined further.

For the production of optimal nanosystems with tailor-made properties, it is nec-
essary to analyze and construct such systems by adequate theoretical and computa-
tional methods. What theoretical tools does a future nanoscientist (nanoengineer)
need? At the nanolevel, the properties of matter emerge and even biological individu-
ality comes at this level into existence. This situation makes nanoscience to a disci-
pline with “ultimate” character [1]. The theoretical methods have to be selected and
developed accordingly.

https://doi.org/10.1515/9783110525595-001
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1.1.1 Technology has reached the level of science

Again, in nanoscience and nanotechnology, we work at the “ultimate level” where
the properties of materials and also biological individuality emerge. The complete
characteristics of nanosystems are established at this level, and there is no scien-
tific level above it. This means the term “ultimate level.” Here, technology has
reached the level of science.

In this situation, we have to apply the physical laws in their basic form and
these are identical with the laws of theoretical physics. Although we have a lot of
directions and disciplines in nanoscience (nanotechnology), which are partly very
different in character, we are nevertheless working here at the same theoretical
footing – in contrast to the traditional technologies.

In nanoscience, we have “one” theory for all the disciplines and all nanopheno-
mena, and this is given by the basic laws of theoretical physics. Why? The theoreti-
cal laws of nanoscience are basic; there is no level above the ultimate nanolevel.
That is, at the nanolevel, the theoretical laws of physics are responsible for under-
standing the phenomena of the development of devices. They represent the most
basic frame of natural science. Table (1.1) summarizes this fact:

Nanoelectronics

Nanostructuredmaterials

Nanomedicine

Bioinformatics

..

.

8>>>>>>><
>>>>>>>:

9>>>>>>>=
>>>>>>>;
( Laws of theoretical physics (1:1)

In fact, all the disciplines quoted in table (1.1) are governed by the structure and
dynamics of atoms (molecules), and the same theoretical conceptions with various
boundary conditions have to be applied.

The situation is different in traditional technologies. Within these disciplines,
that is, in micro- and macrotechnique, engineers do not work at the ultimate level,
but they more or less use phenomenological descriptions, that cannot be deduced
from the basic physical laws and each discipline of micro- and macrotechnique has
its own description.

As we already remarked, in nanoscience there is only “one” theoretical frame
for all directions and phenomena, and this is given at this ultimate level by the
basic laws of theoretical physics. That is, at the nanolevel, scheme (1.2) is character-
istic in connection with scheme (1.1):

Ultimate level

*
Laws of theoretical physics

(1:2)
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The following questions arise. Are the present basic laws of theoretical physics tai-
lor-made to the ultimate level of nanoscience? Are they adapted to the ultimate
level of nanoscience? Do they “completely” describe the essential features of it?
Can we completely understand the entities and the processes at the nanolevel
through the tools of theoretical physics developed so far? We do not, and we know
why. There was simply no need for new perspectives. We normally develop physical
theories if there is a need for them. Even the notion “nanoscience” was widely un-
known before certain path-breaking experiments were done.

1.1.2 The invention of the scanning tunneling microscope

The invention of the scanning tunneling microscope was the starting point for
nanoscience. In fact, with the development of this instrument, approximately
40 years ago, nanoscience became an important scientific and technological disci-
pline, since for the first time single atoms could be moved in a controlled manner
from one position to another, and we learned to manipulate matter at its ultimate
level.

The processes at the ultimate level, where the properties of matter have their
origin and where biological individuality comes into existence, became controlla-
ble. That is, at this level, the systems can be changed systematically in order to cre-
ate experimentally new possibilities in an artificial way, for example, novel devices
and to cure cancers.

1.1.3 Self-organizing processes

In nanoscience and nanotechnology, self-organizing processes are of particular rel-
evance. They belong to the heart of nanoscience. A self-organizing process can be
characterized as follows: We prepare the initial system A and put this system into a
given environment. Then, system A develops to a new state, state B. The experimen-
talist, in general, does not know the final state B at the beginning when the self-
organizing process starts. In other words, the new system, the outcome remains, in
general, unknown until the self-organizing process is finished.

This must be avoided because the “threats” are too large [2] and we must pre-
cisely know what we want to develop, and we must know the final state B “before”
the self-organizing process is initiated by the experimentalist.

Is that what we want to develop identical with that of what nature creates?
Since the threats within the frame of nanoscience can be tremendous [2], we have
to predict the outcome, that is, we have to predict the final state B on the basis of
reliable theoretical laws. This is in fact necessary. We must know what we do.

1.1 Nanoscience: basic questions 3
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1.1.4 New phenomena require new theoretical developments

We have the following situation: The laws of theoretical physics are not tailor-made
to the ultimate level of nanoscience. These laws are basic because there is no level
above the ultimate nanolevel.

Again, this branch became first conscious through the path-breaking develop-
ment of the scanning tunneling microscope. Just the “controlled” manipulation of
single atoms brought the nanolevel into existence. The new field of nanoscience
(nanotechnology) came into the focus of the scientific community. At this level,
new peculiarities came into play that were not considered or recognized before.
However, these new peculiarities require new sophisticated theoretical conceptions.
Since we are working here at the basic level, the new theoretical conceptions ex-
pand the usual frame of theoretical physics through the effects at the nanolevel.

Just the phenomenon “time” needs a more realistic basis. The reason is obvious.
So far, within the frame of traditional physics, “stationary” processes are in the fore-
ground, as already underlined by Ilya Prigogine [3]. However, self-organizing processes
at the nanolevel require more than that. Self-organizing processes reflect “nonstation-
ary” processes. In the next section, it will be outlined that the present time conception
is not sufficient for the treatment of self-organizing processes, particularly at the
nanolevel.

In conclusion, the laws of theoretical physics have to be extended when we
want to describe the processes at the ultimate nanolevel. In other words, the theo-
retical laws are not yet adapted to the nanolevel.

1.2 Time

The time that we use in everyday life is shown by our clocks. In the following, we
will mark it by the Greek letter τ, instead of t and call it “clock time.” Only this type
of time exists in traditional physics. The characteristics of time τ were introduced
by Newton more than 350 years ago, but its attributes remained up to the present
day. The time τ is basically classical.

1.2.1 No quantum aspect of time!

In fact, the character of the clock time τ is not changed during the developments
of the various disciplines in theoretical physics (classical mechanics, theory of
relativity, quantum theory). Clearly, within the theory of relativity, the value of τ
changes when the clock moves with a certain velocity or when the clock is posi-
tioned in a gravitational field, but only the value of τ is changed but not its char-
acter. Even modern quantum theory uses the clock time, that is, modern quantum
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theory is based on the classical time parameter τ. There is no quantum aspect of
time so far.

The clock time τ appears in Schrödinger’s equation without to modify its clas-
sical character. The coordinates x, y, z behave statistically in traditional quantum
theory but not the time τ. This is important when we deal with self-organizing
processes. A nanosystem develops in nature from state A to state B. We have to
assume that this is a full quantum-mechanical transition. If such a transition (the
self-organizing process) is described by Schrödinger’s equation, we work with a
classical time τ. In other words, the time-dependent transition is described classi-
cally, which cannot be realistic because the nanosystem reflects in general a
quantum system. The self-organizing process has to be considered as a “nonsta-
tionary” process and, if it is described within Schrödinger’s theory, the potential
UðrÞ within Schrödinger’s equation has to be replaced by Uðr, τÞ.

In conclusion, only the classical time τ appears in the quantum-theoretical de-
scription of traditional quantum theory; no other type of time is defined or intro-
duced here. Already, Erwin Schrödinger and Wolfgang Pauli strongly argued that
we need a quantum aspect of time. Ilya Prigogine worked in this field as well; he
strongly emphasized that we need a quantum picture for time.

All authors (Schrödinger, Pauli, Prigogine and others) argued that a quantum
aspect of time should be reflected through an “operator” for the time, reflected by
an operator description of time. In other words, the time should be no longer a
simple external parameter (given by τ defined through an external clock) as in
classical mechanics and traditional (conventional) quantum theory. For this pur-
pose, Schrödinger analyzed this point on a general footing. He tried to introduce
an operator for the time which however does not exist within the frame of tradi-
tional quantum theory. Let us give a few historical details.

Does there exist a time operator within traditional quantum theory? The answer
is negative! An operator for the time is definitely not definable within traditional
quantum theory. We can only overbear the classical character of time, expressed by
the clock time τ within Schrödinger’s equation, by introducing an operator for the
time. This is however not possible as Schrödinger himself demonstrated. This must
have major implications. Schrödinger’s equation can, therefore, only be considered
as a limited tool for describing quantum phenomena, and this type of description is
at best restricted to “stationary” phenomena [3].

In conclusion, a quantum aspect of time cannot be introduced within tradi-
tional quantum theory without changing the structure of the physical laws them-
selves, that is, without changing the structure of Schrödinger’s equation itself. It
must be emphasized that Schrödinger’s equation cannot be deduced. There is no
consistent physical frame for that. But what has to be changed? Obviously, the
most basic features of the principal conception have to be changed. Let us briefly
outline two conceptions (views) that are principally different from each other.

1.2 Time 5
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The space as container
The physical basic frame, on which Schrödinger’s equation is based, is obviously
not realistic enough. It is the so-called container model [4–6]. Let us repeat the
main characteristics of the container model. Within the frame of this model, the en-
tire material entities are assumed to be embedded at each time τ in space. Not only
the sun, the moon and everything else, but also the physically real entities of quan-
tum field theory are equally located in space.

This imagination is based on what we have directly before our eyes in everyday
life. We are firmly convinced that we observe at each clock time τ, certain space
structures are made of physically real (material) entities. This is, however, merely a
superficial impression, but the situation is not so simple. We have to be careful!

What is the container made of within this model? The container is identical
with what we call space. This model is naive but it works well in many cases.
Nevertheless, the container principle is not realistic because within this frame the
nature of the space–time is assessed not precisely enough. Details are given in Ref.
[4–6], but we will explain the situation in more detail later.

Projection principle
We may state that the details of the container model are not realistic and the model
has to be considered, at best, as an approximation. A more realistic basis for the
physical phenomena in the world is desired. The quantum aspect of time is the only
problem that the container model is obviously not able to solve. We will discuss in
this and in the following chapters that the container model is not developable.

Within this situation, the so-called projection principle gets a particular rele-
vance [4, 5]. Here, the physically real world is not embedded in space and time, but
it is projected onto space and time. This conception is adapted to the basic features
of space and time and is therefore more realistic from the very first.

In fact, the projection principle exactly delivers what is desired in connection
with the “quantum aspect of time.” We not only get an operator for the time but
also each system (nanosystem) now contains a time variable, t, which is system
specific and behaves quantum mechanically as well. In other words, the projection
principle offers the essential items we need for the understanding of the self-
organizing processes belonging to the heart of nanoscience (nanotechnology). Let
us quote the relevant results here.

In the momentum–energy representation, the main differences to the tradi-
tional form of quantum theory can be depicted easily. New elements appear within
this development. Characteristic variables as well as novel operators come into
play. In other words, it is an expansion of physics initiated through nanoscience.
But the basic view, on which the new conception is based, had to be changed: We
go from the “container model” to the “projection principle.”
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1.2.2 Container model and projection principle: the main characteristics

Within the container model, the material objects are embedded at each clock time τ
in space. It is assumed that there is nothing outside of space and time. This is, in
fact, what we have directly before our eyes and what we experience.

In the case of the projection principle, the information about the physically real
(material) objects is projected onto space and time. We get a picture of reality, and the
objects themselves appear at each clock time τ as geometrical structures within the
picture. That is, within the frame of the projection principle, it is assumed that the im-
pressions before our eyes are geometrical structures.

1.2.3 Quantum aspect of time within the projection principle

Within the projection principle, the tools for the description of self-organizing pro-
cesses are given by an operator for the time, which takes in projection theory the
form

Ĉðα, EÞ (1:3)

and we have a novel expression for the Hamiltonian having the specific form

Ĥ α, − i�h
∂

∂E

� �
(1:4)

The parameter α sums up coordinates in operator form and the momentums. The
variable E is the energy. The time operator Ĉ is not known in traditional quantum
theory, and also not the Hamiltonian Ĥ in this form. The operator − i�h∂=∂E, which
appears in Ĥ, is the operator for the time coordinate; − i�h∂=∂E is not defined in tra-
ditional quantum theory.

The operators Ĥ and Ĉ belong together, which is reflected by the fact that the
operator − i�h∂=∂E in Ĥ and the variable E in Ĉ form a commutator of the form

E, − i�h
∂

∂E

� �
= i�h (1:5)

Equation (1.5) is similar to the relations we have in usual quantum theory for the
momentum and the coordinate [4, 6].

The entity Ĉðα,EÞ is the time operator for the system under investigation, that
is, it is system dependent. The operator − i�h∂=∂E is valid for each system.

All three expressions (1.3)–(1.5) do not exist in traditional quantum theory. The
Hamiltonian is defined in traditional quantum theory but without the operator
− i�h∂=∂E.
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These three expressions change the situation in connection with self-organizing
processes completely. They represent the situation in the momentum–energy repre-
sentation. The equivalent expressions exist in space and time. Instead of the operator
− i�h∂=∂E for the time coordinate, we get the system-specific time t, and the variable t
reflects the quantum time as well and exists simultaneously to − i�h∂=∂E.

All laws and expressions deduced within this frame are independent of the
clock time τ, but τ remains an essential element. τ has nothing to do with the sys-
tem under investigation and reflects the reference time for human observers.

Relations (1.3)–(1.5) are the basis for the description of self-organizing processes
relevant in connection with nanosystems. It solves the problem with the cosmological
constant, which we will discuss in Chapter 7. In other words, the existence of a
system-specific time is of principal interest.

In this way we get a quantum time t, which is system specific. The time t re-
flects the quantum aspect of time together with Ĉðα,EÞ and Ĥðα, − i�h∂=∂EÞ. Just this
possibility is not given in traditional quantum theory, where we have merely an ex-
ternal parameter τ for the time without any quantum aspect. Nevertheless, the
clock time τ is also in connection with the projection principle an essential entity.
As we have remarked previously, τ serves here as reference time.

1.2.4 Descriptions

The self-organizing processes in nanoscience are in general quantum-mechanically
organized. Here, we have to distinguish between three cases: The process in
“nature,” the situation in “traditional quantum theory” and the assessment
within the frame of the “projection principle.” The various possibilities are sum-
marized in scheme (1.6):

A! B

A! Bτ

A! Bt

(1:6)

The details will be explained in the following sections:

The processes in nature
The processes in “nature” start at the state A and end at state B as outcome [see
scheme (1.6)], are quantum processes. The nanosystem leaves the state A at clock
time τA and reaches the final state B at clock time τB. For times τ> τB, the system is
permanently in the stationary state B. The self-organizing process takes place for
τA ≤ τ≤ τB and is time dependent.

What does “time dependence” here mean? It does not refer to the clock time τ be-
cause τ is an external time and has nothing to do with the system under investigation
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and, furthermore, τ is a classical element introduced by Isaac Newton within the frame
of classical mechanics.

But the term “time dependence” demands an internal quantum time for the under-
standing of the transition from A to B. Clearly, in all three cases [scheme (1.6)], human
beings observe with respect to clock time τ, but the observation process itself is not
responsible for the self-organizing process from A to B. Before we discuss this point in
more detail, we would like to analyze the situation in traditional quantum theory.

Traditional quantum theory
The time dependence of the self-organizing process within traditional quantum the-
ory is based on the classical clock time τ, although the process itself is quantum
mechanical in character. In Schrödinger’s equation for nonstationary processes,
only the clock time τ appears. That is, the outcome B is described τ dependent,
which we want to denote by Bτ [see scheme (1.6)].

For the transition from A to B in the time interval τA ≤ τ≤ τB, the time depen-
dence of the internal process is relevant. Within the frame of traditional quantum
theory, we have, therefore, to consider this transition as a “classical” process, that
is, the nanosystem behaves classically within τA ≤ τ≤ τB. On the other hand, for
τ> τB the system is in a stationary state and the time is not of particular relevance
here and we may consider the behavior of the nanosystem as “quantum mechani-
cal” in character. This is of course only a rough classification, but it underlines the
present tendencies.

We may state that the overall situation in traditional quantum theory is hardly
acceptable. There is no operator for the time, and there are problems in connection
with the uncertainty relations as well when we consider the time and the energy
[4]. As we have already remarked previously, the coordinates x, y, z behave statisti-
cally in traditional quantum theory but not the time τ. We can, therefore, not expect
that the state Bτ is close to the real state B of nature; it will even have no similarity
with it. Thus, we have

Bτ ≠ B (1:7)

Equation (1.7) is not due to the unrealistic choice of models, but it reflects the prin-
cipal limits of traditional quantum theory.

The following has to be underlined once again: The clock time τ appears in
Schrödinger’s equation without changing its character; τ remains a classical time,
which is external in character and comes exclusively into play through our clocks
that we use in everyday life. This situation is reflected in the fact that an “operator”
for the time is not importable within Schrödinger’s theory (Section 1.2.1). The details
are difficult to analyze because Schrödinger’s equation cannot be deduced; there is
no consistent physical frame for that. Schrödinger’s equations are guessed and
used within the frame of the container model.
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Projection theory
There is no doubt that the physical conception behind the projection principle is
more sophisticated than that of traditional quantum theory. We will analyze the de-
tails in this chapter. Here, we have a system-specific time t, which is able to describe
the self-organizing processes in nanoscience, at least in principle. The variable t is
quantum mechanical in character and, therefore, the transition from A to B becomes
a fully quantum-theoretical description. This is an advantage against traditional
quantum theory where the system-specific time t is not known (defined) but merely
the clock time τ.

An operator for the time is defined in projection theory and this is expressed
through eq. (1.3). Furthermore, the Hamiltonian is reformulated through an opera-
tor for the time coordinate − i�h∂=∂E [see expression (1.4)]. The details concerning
the analytical treatment of the projection effects will be discussed in Chapter 6.

All of that means that, not only the coordinates x, y, z behave statistically within
the projection principle, but the time t as well. Here, we have the following situa-
tion: At clock time τ, the coordinates x, y, z and the system-specific time t behave
statistically.

So, the self-organizing processes, which take place in the realm of nanoscience,
are fully describable at the quantum level and the quantum aspect of time is given
through the existence of the system-specific time t. The outcome B of nature [see
relation (1.6)], denoted within the frame of the projection principle by Bt, fulfills

Bt =B (1:8)

at least in principle.
Relations (1.7) and (1.8) express certain features: In principle, it is not possible

to describe self-organizing processes within the frame of traditional quantum theory,
and this is expressed by eq. (1.7). It is however possible to describe self-organizing
processes through the projection principle, which is formulated by eq. (1.8).

1.3 The basic features of nanoscience

The quantum aspect of time could only be introduced on the basis of the projection
principle. The container model is obviously not able to construct such a quantum
time when we work on the basis of traditional quantum theory. All attempts failed
(Section 1.2).

Both conceptions are based on what we have directly before us in everyday life,
but they are assessed differently. Within the container model it is assumed that the
objects before our eyes are physically real (material) in character, whereas within
the projection principle it is assumed that the object before us are “geometrical”
structures. There is no doubt that the projection principle reflects a realistic viewpoint
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because the features of space and time are treated with this conception more realisti-
cally. We will justify this statement in this section.

1.3.1 What do we experience?

What is the most direct experience of human beings? We touch an object of the world
outside with our fingers and feel it directly. Therefore, we conclude that the object
before our eyes is material in character and the container model is assumed to be
valid. But the projection principle delivers exactly the same impression. Here, there is
a direct contact between geometrical structures, the geometrical structures of the fin-
gers and the object, and this situation takes place simultaneously in reality, where
the physically real objects (material things) are located. There is a strict correlation
between the geometrical structure situation, which is directly before our eyes, and
that of the material situation in the world outside, which is not directly before us. In
conclusion, the world outside is felt through the container model and the projection
principle in the same way, but the mechanisms are assessed differently [7].

The container model is still the standard conception of traditional technologies
(macro- and microtechnique). There is no doubt that the container model could
also be applied with success in nanoscience. Also, stationary processes at the nano-
level seem to be successfully described by the container model. However, in the
case of nonstationary processes, which are necessary for the description of self-
organizing at the nanolevel, the container model has to be replaced by the projec-
tion principle (Section 1.2). There is no doubt that nanoscience stimulates to go new
ways at the basic level of theoretical physics.

1.3.2 General remarks

A human being is faced in his life with various materials, functional natural objects,
a diversity of food and so on. He is confronted with a lot of other important phe-
nomena relevant for life, in particular, within the realm of medicine. All that is ex-
perienced likewise by all human beings.

These phenomena directly influence our actions and thoughts in daily life. All
these things have their origin at the nanolevel. The nanolevel is the “ultimate level”
at which the characteristic properties of our everyday life emerge. Furthermore, at
the nanolevel individual existence has its origin. Our direct impressions have their
origin at the nanolevel and there is no level above it. There is no scientific view,
which could reveal deeper insights and there are no further properties in connec-
tion with condensed matter. In other words, we have reached the ultimate level.

The development of the scanning tunneling microscope was an important step
in nanoscience and this instrument made it possible to manipulate matter at this
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basic level where the properties of matter have their origin. This situation makes it
necessary to apply the physical laws in their basic form.

The properties of nanosystems are given through an ensemble consisting of a
few hundred/thousands atoms, that is, the “ensemble” emerges the ultimate prop-
erties. The behavior of such an ensemble and the sort of material are in the fore-
ground here and emerges basic features.

There is no doubt that the atoms themselves are defined, but possibly only ap-
proximately. The use of an ensemble of atoms (molecules), responsible for the pri-
mary features of nanosystems, is an intuitive recipe in analogy to what we have in
front of us in everyday life, and these are objects in space like sun, moon and trees.

However, we have to be careful in connection with such analogies. In principle,
the nanoensemble could be composed in another way, for example, by a “unified
whole.” There are, in fact, indications for that, first proposed by Ilya Prigogine. In
the case of a unified whole, the manipulation of an atom would reflect a change of
the entire unified whole. Ilya Prigogine remarked that even elementary particle
could not be really basic, but an outcome of the second law of thermodynamics.
The choosing of the second law of thermodynamics as the fundamental conception,
instead of object structures, is an example. Also, the projection principle opens the
possibility for such views.

1.4 The levels of physical science

Science penetrates deeper and deeper into physical reality, and with nanoscience,
we reach the ultimate level where the properties of ordinary matter emerge, but
also the basic characteristics of biological systems (human beings, animals, etc.).
Nanoscience works directly at this ultimate level. There is no scientific level, which
could reveal deeper insights and there are no further properties in connection with
condensed matter.

1.4.1 On the selection of theoretical views

The deeper we go into physical reality, all the more we have to select the physical
laws with care, that is, the theoretical views have to be chosen with increasing so-
phistication. At the highest, ultimate level (here the nanolevel is meant), the prop-
erties are particularly sensitive to small variations in the notions and the theoretical
laws. Thus, nanoscience is more sensitive against variations of the basic laws of
theoretical physics than in micro- and microtechnology.

At the ultimate level of nanoscience, the laws of “traditional” theoretical phys-
ics are in specific cases are not sufficient enough for an adequate understanding of
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the nanophenomena. In such cases, we have to extend the usual theoretical frame.
The “nature of time” is an example for that (Section 1.2).

The ultimate level is definitely defined, but is it really expressed in final form
through an ensemble of atoms or molecules? Is the ultimate level really described
in the form of atomic entities when we try to understand nanophenomena? We
have to be careful, just in connection with brain functions, which are obviously
coupled to the states of the mind. Is the traditional view adequate at all? It is of
course a good approximation, but is it really the final basis?

1.4.2 Qualitative new effects at the nanolevel

We experience this world, which we call “macroscopic,” in a direct way. But how
do we experience the world at the nanolevel? The following question arises: What
imaginations can be transferred from the macroscopic world to the nanorealm?
Here, we have to be careful. At the nanolevel, qualitative new effects appear that
are unknown in the macroscopic world of everyday life for which our intuition is
tailor-made.

In nanoscience, the behavior of ensembles consisting of atoms and molecules
are in the center. We usually base the theoretical treatment in macro-, micro- and
nanotechnology on our intuitive imaginations, which we experience in everyday
life. These are assumed to be material objects in space when we base our state-
ments on the container model. Once again, through the transition from the macro-
world to the nanorealm, qualitatively, new phenomena emerge, and these new
effects need a reliable theoretical basis. Can we simply transfer the laws of macro-
and microphysics to nanoscience? No, we cannot, as we have demonstrated in
Section 1.2 with respect to the problem of quantum time.

In all our usual considerations, we assume that the material world is embedded
in space. This is, as we know, the container model, which can also be characterized
as an object-in-space conception. This object-in-space conception is assumed in tra-
ditional physics to be valid at “all” levels of description (Figure 1.1), that is, when
we go scientifically from the macroscopic world around us to the nanolevel. We out-
lined in Section 1.2 that the container model has to be replaced by the projection
principle, even then, when the container model works well and this is in fact the
case for some space–time regions.

Improvements in connection with the physical descriptions at the nanolevel
have to be developed if it turns out that the laws are not sufficient and not precise
enough. Since we are working in nanoscience at the ultimate level, where the prop-
erties of matter come into existence, such improved and new conceptions have to
be developed in terms of basic arguments. Can nanoscience stimulate to go new
ways at the basic level? Yes, it can and we already did it, and we demonstrated that
with respect to the nature of time (Section 1.2).
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1.5 What is outside?

A human being or another biological creature observes the environment. The infor-
mation of the world outside is given in the form of physically real (material) objects.
This information is transferred by our sense organs into the mind (brain) of the
human being. (The differences between mind and brain are not essential for our
statement.) The mind processes this outside information and produces a “picture”
of the world outside. This picture represents an inside version of the world outside.

In other words, we experience the world by our sense organs, that is, the
human being interacts with the physically real world and information flows via our
senses into the mind. The mind of the human being processes this outside facts and
produces a picture of the physically real world outside. It is a picture in space and
time. It is a space structure at clock time τ. This is the most direct information that
a human being has about the world outside; on this direct information, the theoreti-
cal views are primarily based.

1.5.1 One-to-one correspondence

Within this view, we have a world outside and an inner image. The inner world rep-
resents a picture of the world. In this connection, it is essential to note that we are
usually firmly convinced that the space structures at clock time τ of the inner pic-
ture are identical with that of reality outside. This is the fundamental assumption

Macrotechnology

Microtechnology

Nanotechnology

Container model

Figure 1.1: The theoretical treatments that are applied on the various technological levels
(macro-, micro- and nanotechnology) are essentially influenced by our intuitive imaginations.
These intuitive imaginations are mainly based on facts that we experience in everyday life: We
assume throughout that there are material objects in space. That is, it is assumed that the
container model is valid. However, through the transition from the macroworld to the nanorealm,
qualitatively, new phenomena emerge, but it is supposed in traditional physics that the container
model is not influenced through this transition, and it is used at all levels. Furthermore, the
conception of an external time, shown by our clocks, is also applied without any modification in
nanoscience. As we have outlined in Section 1.2, this is doubtful. Nanoscience stimulates to go
new ways at the basic level of theoretical physics.
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on which the container model is based. It is throughout assumed that there is a
one-to-one correspondence between the inner picture and the world outside. For
example, the well-known psychologist C. G. Jung wrote [8]: “When one thinks
about what consciousness really is, one is deeply impressed of the wonderful fact
that an event that takes place in the cosmos outside, produces an inner picture,
that the event also takes place inside . . . .”

This statement represents the typical view and reflects the usual conception
that human beings have about the whole scenario.

The statement by C. G. Jung suggests just what we have already pointed out:
The image as well as the real world outside are embedded in space and time and
are assumed to have exactly the same structures. These are space structures at
clock time τ.

However, there is a serious objection. Why should events in nature occur twice,
once outside of us and once again in the form of a picture? This would be against
the “principles of evolution” and the “principle of usefulness,” respectively. Nature
always works in accordance with these principles.

Nevertheless, C. G. Jung’s statement with respect to “outside world” and “inside
world” is correct, but the assumption that an event takes place twice is obviously
not realistic. We have to assume that there is no “one-to-one correspondence” be-
tween the reality outside and the inner picture of it. A one-to-one correspondence is
far from being realistic.

Clearly, the world in front of us is the inside world and is not the direct material
reality as the container model suggest. But, this is not the essential point. The criti-
cal point here is to assume that the structure of the inside world is identical with
the structure of the world outside.

Through this one-to-one correspondence, we may in fact always assume (con-
sciously or unconsciously) that we have directly the physically real world outside in
front of us. We maintain this view in this book when we talk about the usual con-
ception of the world, which is given by the container principle. However, we al-
ready remarked that this container model with its one-to-one correspondence is not
realistic and we come to the so-called projection principle. For example, the quan-
tum aspect of time could not be formulated within the frame of the container model
and the projection principle had to be applied (Section 1.2). The deeper reason for
that is given through the features of space and time, which will be discussed in the
next section.

1.5.2 Impressions

We have to always keep in mind that the container model is an “impression” of
human beings and is not a direct fact. It is an impression that human beings have
in everyday life. That is, we only have the impression that all the material objects in
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the world outside are positioned in a space before us. Persons, cars, planes, the
sun, moon and stars are pictures of reality in our mind; we have only the impres-
sion that all these things are located outside us.

This conclusion is supported in Ref. [9]:

We have devices in the cerebral cortex which – comparable with a television screen – produce
“pictures” in our awareness from the nerve-excitations coming from the retina. It is character-
istic for the sight-process that our awareness does not register the picture of a candle on the
retina inside the eye, but we have the impression that we are standing opposite the candle-
light which is located in the space outside, not standing on its head but upright. We see “real
objects” in front of us and around us. Within this act of perception, the eye, the optic nerves
and the brain work together. To see without the brain is as impossible as to see without eyes.

This statement underlines that the impressions before us reflect the inner world.
This in particular means that the spontaneous impressions, which appear uncon-
sciously within so-called assumptionless observations in everyday life in front us,
reflect “observer-dependent” facts and are primarily not the absolute truth. Here,
we have to take into account that space and time are entities with specific features.

Within the container model, space and time also belong to the world outside. Is
it possible at all that space and time are entities of the reality outside in which the
physically real (material) objects are embedded? The answer to this question is es-
sential when we assess the world outside from the physical point of view. In the
next section (Section 1.6), we will analyze the situation.

1.5.3 Goggles with inverting glasses: an important experiment

From the discussion in Section 1.5.2, we have to conclude that the impressions in
front of us are observer dependent. The observations within the assumptionless ob-
servations of everyday life come into existence through our mind. We need informa-
tion from the world outside, but the direct impression in front of us is essentially a
product of mind and is not directly the material world outside. This impression is
identical with the space structure at clock time.

In other words, all we have before our eyes is essentially influenced by the mind;
it is an invention of the human observer’s mind. It reflects “merely” a picture of reality
but it is not the material reality itself. The goggle experiment with inverting glasses
demonstrates this fact, which has been described by Thomas Kuhn as follows [10]:

An experimental subject who puts on goggles with inverting lenses initially sees the entire
world upside down. At the start his perceptual apparatus functions as it had been trained to
function in the absence of goggles, and the result is extreme disorientation, an acute personal
crisis. But after the subject has begun to learn to deal with the new world, the entire visual field
flips over, usually after an inverting period in which vision is simply confused. Thereafter, ob-
jects are again seen as they had been before the goggles were put on. The assimilation of a
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previously anomalous visual field has reacted upon and changed the field itself. Literally as well
metaphorically, the man accustomed the inverting lenses has undergone a revolutionary trans-
formation of vision.

Due to the goggles with inverting glasses, a visual transformation took place spon-
taneously, that is, without the conscious action of the concerned human being. It is
an experiment within the frame of assumptionless observations of everyday life. In
conclusion, the spontaneous impressions, which human beings experience, are
influenced by the mind and, therefore, they are not observer independent. It partic-
ularly demonstrates that the world before our eyes is a picture of reality. Let us still
analyze the various steps in connection with the goggle experiment.

Goggle experiment: the various steps
Let us consider a human being, denoted here by the letter A, who puts on at time τA
goggles with inverting glasses. For times

τ< τA (1:9)

observer A has a certain space structure Pτ before his eyes. Does this space struc-
ture reflect the world outside (reality) or the inner world (picture of reality)? This
question is relatively easy to answer.

After human being A has put on the goggles, he sees the entire world within a
certain time interval Δτ upside down, that is, instead of the state Pτ. The space
structure is now in the state PτA +Δτ, which is different from Pτ: PτA +Δτ≠Pτ. In other
words, at τ= τA a transition from Pτ to PτA +Δτ takes place:

Pτ ! PτA +Δτ (1:10)

The transition is effectuated by the goggles. The state PτA +Δτ remains conserved
during the time interval Δτ.

This is the case for times τ with

τA < τ< τA +Δτ (1:11)

At time
τ= τA +Δτ (1:12)

the entire field flips over and we again get the space structure Pτ, that is, we have
the reverse transition

PτA +Δτ ! Pτ (1:13)

Thereafter, objects are again seen as they have been before, without goggles. There
is no intervention through human being A at τ= τA +Δτ. That is, the goggles are
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still present in unaltered position. This state Pτ remains for all times τ larger than
τA +Δτ:

τ> τA +Δτ (1:14)

Again, the goggles are still present in the case of eq. (1.14); the flipping over of the
entire visual field takes place unconsciously.

Transition (1.13) is due to an inner process and is carried into execution through
the mind–brain complex of human being A. Since the mind–brain complex belongs
to the inner world of A, it cannot influence the world outside, that is, the mind–brain
complex cannot remove the goggles at time τ= τA +Δτ [eq. (1.12)], and they are still
present for τ> τA +Δτ [eq. (1.14)]. That is, there are no changes in the world outside.

Then, the space structure Pτ before the eyes of human being A for τ> τA +Δτ
can only be a picture of reality (the inner world). The mind–brain complex operates
on the basis of the space structure PτA +Δτ at time τ= τA +Δτ [eq. (1.12)] and which is
present for τA < τ< τA +Δτ [eq. (1.11)]. Thus, the space structure PτA +Δτ is nothing
else than a picture of reality.

In other words, the space structures Pτ and PτA +Δτ are states of the mind. They
are not the material world; the physically real (material) world exists but not before
the eyes of human being A. How are the entities “reality, matter, mind, brain and
the picture of reality” ordered relative to each other? This situation is discussed in
Chapters 4 and 5.

Conclusion
Without doubt, the experiment with inverting glasses is basic with respect to the
nature of space and the role of the observer. In particular, it demonstrates convinc-
ingly that the world in front of us is actually inside the head.

But what is outside? How is the world outside (reality) structured? The answers
on these questions are tightly linked with the nature of space and time. We will an-
alyze the situation in Section 1.6. But we may already quote here that the real physi-
cal process outside remains of course unchanged, only the kind of perception is
concerned through the goggles with inverting glasses. The impression, which we
feel to be outside, is actually an image within the mind of the observer. This is con-
vincingly confirmed by the goggle experiment, but this experiment demonstrates
more than that. This point is discussed in the next section.

1.5.4 The reality-picture unit

From all statements given before, we have to conclude that there is a “reality”
(world outside) and a “picture of reality” (inner world). The world before our eyes,
which we experience spontaneously in everyday life, can only be the picture of
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realty and not the reality itself. The direct observation exhibits a space structure at
time τ consisting of geometrical positions and not of material entities.

The mind–brain complex
It is demonstrated by the experiment with the goggles that we do not change the
world outside but the inside world. The picture is created by the mind–brain com-
plex on the basis of the information from the world outside. The mind–brain com-
plex is of particular importance. In Chapters 4 and 5, we will describe a possible
conception for the functionality of the mind–brain complex. In the case of a nano-
technological impact on the mind–brain complex, we have to know what we do
and this requires at least a minimum knowledge about the functionality of such a
complex.

In the case of the goggle experiment with the inverting glasses, we do not change
the world outside but the world inside is changed. The outcome of the experiment
can only be interpreted in this sense. The mind–brain complex of the observer is in
action and manipulates the picture of reality that appears spontaneously before the
observer’s eyes.

Our actions in everyday life are based on this picture of reality. Manipulations
with respect to the picture of reality can be dangerous and can lead to misjudg-
ments. This is independent of the true structure in the world outside, that is, if
there is a one-to-one correspondence between reality and its picture or not.

The invention of nature
The observations and activities of human beings are based on the reality-picture
unit. But this conception is not an invention developed by the human being but it is
an invention of nature itself. There is a definite order behind the reality-picture
unit, that is, nature has developed a conclusive system, after that a human being
can reliably do the observations and activities. The goggles with inverting glasses
are ignored by the mind–brain complex after a brief time interval, and this is be-
cause they disturb this reality-picture unit, which a human being needs for his
daily actions in the original form developed by nature in the course of evolution.
The picture is adapted to reality. Both, the reality and its picture, are compatible to
each other. This adapted state is disturbed by the effect of the goggles with invert-
ing glasses. But the mind–brain complex developed a counteraction in order to
compensate the inverting-glasses effect.

Such counteractions will possibly not take effect if there are far-reaching changes
in connection with the mind–brain complex itself. Nanotechnological changes with
respect to the mind–brain complex cannot be possibly compensated through the
mind–brain complex itself.

The picture is changed but not in reality (world outside). The picture is no
longer compatible with reality. In other words, the information in the picture is
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no longer in accordance with the structure of reality outside. This can lead to a
catastrophe. That is, we have to be careful when we change the mind–brain com-
plex nanotechnologically.

1.6 The basics of space and time

In Section 1.5, we talked about the relationship between reality (world outside) and
the picture of reality (inner world). Is there a one-to-one correspondence between
the structures of reality and those of its picture? In order to answer this question,
we have to say something about the basic nature of space and time.

1.6.1 The experiences in everyday life

Can space and can time be considered as physically real entities outside a human
being? Can the physically real world be located in space and time? In Section 1.2,
we discussed the quantum aspect of time, but we did not ask about the most basic
features of time.

The time is defined in basic form through our experiences in everyday life.
There is no other possibility to search for the items of time. The problems with re-
spect to time are strictly accompanied with the problems of space. Space and time
belong somehow together. This connection follows directly from the similarities
they have with respect to their common features.

Space is usually characterized by the coordinates x, y, z and the time by the let-
ter τ. In what form do they appear in nature? Let us first consider the time τ, which
we measure with our usual clocks. Clearly, a clock does not produce τ. But what is
the mechanism behind τ? Here, the metaphor with the San Francisco cable railway
is a possibility to understand τ.

The external time, displayed by our clocks, reflects rather a naïve point of view.
This is clearly expressed within a statement by Julius Fraser. He gave the following
comment:

The time is like the cable of the cable railway of San Francisco. The cable is driven by a far and
invisible machine, is however hidden. We know that it moves, because the carriages are con-
nected and are carried with it. Completely similarly we usually see the time in everyday life as
a universal, cosmic movement of the present, of the now; they are propelled by natural or di-
vine forces and matter, life, humans and society are connected with them and are propelled
and along-moved for a while [11].

The San Francisco cable railway is of course a metaphor, but it exactly reflects the
situation on how we experience the phenomenon “time.” Our time feeling corre-
sponds to such kind of process and it is perceived as external in character. It is,
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however, a singular, metaphysical process of which the entire world has equally
embraced. From the scientific point of view, such a metaphysical conception is not
acceptable at all. It can simply not be used within serious physical descriptions,
even when it meets the situation well, but it is too naive and not realistic.

The cable railway metaphor reflects an “external” time, and this behavior is ex-
actly expressed through our clocks, that is, the cable railway defines qualitatively
what we called “clock time.” However, the time τ cannot be grasped in this way.

1.6.2 Can space and time exist in isolated form?

What is the space made of and what is the time made of? Define space and time
physically real entities? In traditional, classical physics, space and time are consid-
ered as physically real quantity, which effectuate the phenomenon of inertia. It
should be a “physically real something,” but different from matter. What can we
say about this situation?

Are space and time accessible to empirical tests?
The basic characterization of space is given by points. Our three-dimensional space
consists of three real numbers x, y, z that we call coordinates. On the other hand,
time is also characterized by points, and each time point is given by one number,
which we have marked previously by the Greek letter τ which is the clock time.

If space and time would be physically real quantities, these basic quantities,
that is, x, y, z and τ have to be accessible to empirical tests. This is definitely not
possible. The following facts show that and demonstrate that there is no possibility
to measure the basic points x, y, z and τ of space and time.

The single elements x, y, z and τ of space and time cannot be experienced with
the five senses. We definitely cannot see, hear, smell or taste space and time, that
is, the basic elements of space and time, characterized by x, y, z and τ, are not acces-
sible to experimental tests. This is quite independent of the character of space
(space–time). In principle, they could be absolute but nonabsolute as well. Also,
measuring instruments are not definable for the experimental determination of the
space–time points x, y, z and τ, and such kind of devices are even not thinkable.

One might object that we experience the phenomenon “space” incessantly in
everyday life, and this is because at each clock time τ we have space structures,
that is,, x, y, zstructures, before our eyes. However, we do not experience the basic
elements x, y, z at τ, but we observe “objects” in such cases and this has nothing to
do with the observation of the single elements x, y, z and τ.
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What do we actually observe in connection with the space–time elements x, y, z
and τ? Here, the following facts are relevant: We never observe single elements x, y,
z and τ, but we are only able to state the following:

We observe distances in connection with material bodies (masses),
and
we observe time intervals in connection with physically real processes.

Only what is observable can be considered as physically real. Since the basic ele-
ments of space and time can principally not be observed (measured), the elements
x, y, z and τ of space and time may not be considered as physically real entities like
matter.

This in particular means that space and time should never be the source for
physically real effects, for example, inertia. “Nonobservable” here means “nonexis-
tence” in the form of a physically real entity. The scientific standpoint requires
such a viewpoint.

Space and time do not reflect physically real quantities, that is, the basic ele-
ments x, y, z and τ do not reflect physically real quantities. Thus, they may not be
considered as the source for physically real effects.

The elements x, y, z and τ cannot be measured. An empty space–time cannot
exist as physically real unit. From the scientific point of view, only those entities
that are observable can lead to physically real effects. Nobody can cut out a piece of
space or a piece of time and put them on the table. Space and time in isolated form,
that is, without material objects, do not exist. Nobody can invent an experimental

Space

Piece of space

Figure 1.2: What is the “space” made of and what is the “time” made of? Can we cut out a piece of
space and can we put this piece of space on the table or similarly, can we treat a piece of time in
this way? Nobody is able to put a piece of space or a piece of time on the table, and nobody can
invent a procedure for that. The question is simply ridiculous. Pieces of space and pieces of time
cannot be isolated and cannot be treated as independent entities.
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method for that. In fact, to discuss such a possibility reflects a ridiculous situation,
and this is because no one can imagine that (see also the illustration in Figure 1.2).
In conclusion, the basic elements of space and time, that is, x, y, z and τ, cannot be
identified with a real something in analogy to matter.

Mach’s principle
Already Ernst Mach argued in this way. Also for him, the basic elements of space
and time, characterized by x, y, z and τ, cannot be considered as a “physically real
something” to be capable of physically real effects. The effect of inertia is such a
space phenomenon within Newton’s theory. Ernst Mach rejected Newton’s absolute
space radically.

In conclusion, also after Mach, the space (space–time) can never be the source
for physically real (material) effects, that is, it can never act on material objects giv-
ing them certain physically real properties. The effect of inertia is an example that
Mach’s principle is entirely based on the previously discussed fact. After that, we
can never observe space and time because its elements (the coordinates x, y, z and
the time τ) are in principle not observable or measurable. We can only say some-
thing about “distances” in connection with masses, and “time intervals” in connec-
tion with physical processes.

Once again, space and time can never be the origin of physically real effects.
The space–time continuum is not a physically real entity like ordinary matter.
However, Mach’s principle goes not far enough. This principle does not explicitly
forbid that matter can be embedded within the space–time block.

We will use the term “Mach’s principle” in connection with the following fact:
Space and time can never be the source of physically real processes and, further-
more, physically real systems can never be embedded into a space (space–time).
We cannot embed physically real (material) bodies into a space or a space–time,
which itself is not physically real.

As far as we know, Mach never forbade explicitly the possibility to embed mat-
ter into space and time, although this peculiarity should follow from Mach’s princi-
ple. Let us repeat: How can a physically real something (matter) be embedded
within a system that is not a physically real entity (space, space–time)? Such a con-
struction is perhaps pragmatic but it has no scientific background.

Such a matter-in-space conception may be suggested when we base our knowl-
edge on what we have directly in front of us. But, as we have recognized, these ev-
eryday life impressions do not reflect material reality itself, but “only” a picture of
it. The goggle experiment, discussed in Section 1.5.3, demonstrates that. A physi-
cally real something (matter) cannot be embedded in space and time. Instead of the
container principle, we, therefore, discuss in this monograph, together with the
container principle, a more realistic physical principle, the “projection principle.”
This principle fulfills Mach’s principle.
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1.6.3 The mind creates space and time!

Space and time are not physical real elements and, therefore, they cannot belong to
the reality outside because this reality contains exclusively physically real entities
when we judge the situation from the observer’s point of view. It makes no sense to
assume that space and time are entities of reality outside since they are not
observable.

The observer is only able to observe with his five senses and the measuring in-
struments physically real entities. Thus, space and time can only belong to the
mind of the observer. They are created by the mind. Then, we come inevitably to
the projection principle: Space and time do not belong to the physical reality. On
the other hand, human beings are caught in space and time and do the observation
in space and time. This means that the physical reality is not directly observable,
but it exists. We perceive geometrical structures in space and time, which are pro-
jections of facts of physical reality outside. In this way, we obtain a picture of physi-
cal reality. However, the physical reality itself remains hidden in its basic form. The
situation is summarized in Figure 1.3. The figure reflects the reality-observation
principle.

The information about the physically real objects in reality outside is projected onto
space and time. The physically real information is processed by the mind and with
the help of space and time, created by the mind, it is represented as picture (picture
of reality). The notion “picture of reality” has often been used in the text before.

Due to the fact that space and time are not physically real, the container model
has to be replaced by the projection principle:

Containermodel

+
Projection principle

(1:15)

×
×

Physical reality
no space, no time

Geometrical structure
in

space and time

Projection

×

Figure 1.3: The physical reality does not contain
space and time. On the other hand, human beings do
the observation in space and time. Thus, the physical
reality is not directly observable. We perceive
geometrical structures in space and time, which are
projections of facts of physical reality outside. In this
way we obtain a picture of realty. The physical reality
remains hidden in its basic form. The figure reflects
the reality-observation principle.
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Already, the philosopher Immanuel Kant came to the conclusion that space and
time are elements of the mind. Kant’s contribution is important and we will give
more details in Section 1.9.

1.6.4 The unconscious perception of space and time

The features, which we have discussed in the sections before, are irrevocable facts
that have to be considered when we treat and analyze space and time scientifically.
But what about the space feeling and the time feeling of human beings or other bio-
logical creatures? How does a human being experience “space” and how does he
experience “time” in everyday life, that is, unconsciously?

Both effects appear spontaneously without thinking and are unconscious phe-
nomena and take place exclusively at the level of everyday life. Situations of this
kind define our elementary feelings with respect to space and time. There is no
other level which could mediate such elementary feelings.

Space feeling
What do we understand under space feeling? What kind of observation creates
space feeling? The structures before us at time τ reflect objects in geometrical form,
which are embedded in space having the elements x, y, z and τ. What are the facts
on which the elements x, y, z and τ are based?

We observe, primarily, objects and their extensions. For the perception of two
objects, a certain “extension” is introduced by nature. Since space and time are ele-
ments of the mind (Section 1.6.3), the notion “nature” is identical with “mind.”
Nature invented extensions in order to give human beings the possibility to order
the world before his eyes. Here, extension has to be considered as a basic notion
and we should not try to analyze it further, that is, we should not try to explain the
notion “extension” by more basic notions, more basic than the notion extension it-
self [5]. The effect of extension is just that what conveys “space feeling.”

The notion extension reflects a qualitative effect. We meet it at first in this
basic form just in connection with our assumptionless observations in everyday
life. Again, the effect of extension appears spontaneously without thinking and it
has to be classified as a qualitative phenomenon. This assumptionless space im-
pression is nothing else than an inner image and is positioned within the mind of
the observer.

The image before us contains, in general, a lot of objects and, therefore, we
have a lot of extensions. The mind organizes this “ensemble of extensions” as one
phenomenon which we call “space.” But we may also express this effect as follows:
There are various distances for various objects that are located in the same space
with “one” characteristic global space extension.
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That is all what we can say about space within our assumptionless everyday
impressions. Once again, this is a qualitative impression. But we need more than
that when we want to analyze the physical processes in the world theoretically.

From the picture before us we get the coordinates at a certain clock time when
put a grid over the image [5]. The grid is a fictitious net. The coordinates x, y, z at
time τ are the elements of the “fictitious net,” which the observer intellectually puts
over the image in front of him [5].

Time feeling
Concerning the phenomenon “time,” let us repeat the following as essential point:
We never observe single time values τ. We define them only! We define a time
value τ as a clock hand but, as we have stated in Section 1.6.1, the value τ does not
exist without clock. Our clocks are constructions that are based on that what is
called “time feeling.”

How comes this time feeling into existence? It is a phenomenon through “struc-
ture changes” that appear unconsciously in the space before us. The structure
changes have in general a certain tendency to proceed in a certain direction. Such
situations (structure changes) qualitatively create a new effect, that we experience
as “time feeling.” In this way, the phenomenon “time” comes into play. How is the
time feeling connected to the time values τ, which we called “clock time” in the
section before? This is a simple procedure: We formally relate to each object struc-
ture in space a time value τ (position of a clock hand).

1.7 The system-specific time

There are distances in connection with space structures and there are time inter-
vals with respect to space structure changes. These space structures and their
changes are only definable with a “real something” and this something is given
by the physically real objects and systems, respectively, which are located in the
world outside.

1.7.1 The metaphysical aspect

Human beings are caught in space and time. Material objects (systems) do not exist
without space and time (x, y, z and τ) and, on the other hand, space and time do not
exist without physically real objects or systems. The mind organizes the world in
this way, if we work within the frame of the projection principle. The details will be
discussed in Chapters 4 and 5.
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The transition from an external time to an internal time notion
The cable railway metaphor reflects an “external” time, and this behavior is exactly
expressed through our clocks. Also, here, the time must be connected to a real some-
thing, which is given through the San Francisco cable railway. In other words, the
real something is nothing else than a metaphor for an external time machine. As we
already stated in Section 1.6.1, such kind of time machine is, from the scientific point
of view, not acceptable. Such a time machine has never been observed and we do
not know even where its position in space is. Thus, the external time can only be
judged as a metaphysical notion. We may define an external time by a clock, but
this clock is not a counterpart of an actually existing external time machine.

If we leave this conception of a metaphysical, “external time,” we come inevita-
bly to an “internal” time, defined by the physically real systems (objects) them-
selves, that is, the time becomes then a system-specific entity. This is an important
step: To go from an external to an internal time notion. Then, the metaphysical as-
pect of time is eliminated, as we will recognize in the following subsections.

Within such a conception, time is connected to a physically real system. This is
a fact and is dictated by the experience. “One” time (one time structure), for exam-
ple the clock time τ, means “one” system, that is, no other system defines what we
call as time. For example, the San Francisco cable railway, which is assumed to pro-
duce τ, and this type of time is used for the description of “all” the other systems in
the universe.

A singular system
Such a lone system is singular in character and can only be realized by a machine,
which exists independently of the other physically real systems in the universe. In
fact, that is an unphysical and nonscientific situation. As we remarked previously,
a singular, metaphysical time machine has never been observed. It is therefore not
existing from the scientific point of view.

Since the time is a really existing phenomenon, we come to the following con-
clusion: Each physically real system must have a time structure. This is a require-
ment and can be fulfilled with the frame of the projection principle. The time
within such a conception is individual in character and it does not reflect singular
features, that is, it is system specific without the existence of a singular time
machine.

1.7.2 The time spectrum

In Section 1.6.4, we talked about space feeling and also about time feeling of
human beings. Let us briefly repeat: The structures before us at time τ reflect ob-
jects in geometrical form, which are embedded in space, having the elements x, y, z.
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Primarily, we observe objects and their extensions. The effect of extension is just
what conveys “space feeling.”

On the other hand, time feeling is a phenomenon through “structure changes”
that appear unconsciously in the space before us. These space structure changes
have, in general, a certain tendency to proceed in a certain direction. Such situa-
tions (space structure changes) create qualitatively a new effect, which we experi-
ence as “time feeling.”

The features of the internal time
We work within the frame of an internal time view. That is, each physically real
(material) system or object defines its own time structure that we called system-
specific time. The cause for the time feeling is space structure changes. This is our
basic conception for the phenomenon time.

The system under investigation changes its space structure in the course of
clock time τ. At time τ, the system has a certain space structure x, y, zf gsystem. The
clock time τ, which is the reference time, moves monotonically from small to large
values, that is, it moves strictly in one direction:

τ1, τ2, . . . , τi, . . . (1:16)

with

τ1 < τ2 < � � � < τi < � � � (1:17)

The space structure of the system varies and is, in general, different for different
values τi. The system can be a single object or an ensemble of objects. Therefore,
we have the following allocation:

τ1 ! x, y, zf g1system
τ2 ! x, y, zf g2system

..

.

τi ! x, y, zf gisystem
..
.

(1:18)

The variation of space structures means that there exists a time feeling existent, or
we may say that, through the space structure changes, a time effect comes into exis-
tence. It is a time effect with respect to the system itself, that is, it is a system-specific
time effect. In the case of a constant time interval Δτ= τm − τn, the time effect varies
with varying space structure. This is of course only a qualitative statement. How is
this phenomenon expressed in a more quantitative manner?

Let us choose for the system-specific time the letter t. In other words, the sys-
tem-specific time effect is characterized by t. The variable t is responsible for the
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time behavior of the system under investigation. We have space structure changes
and to each space structure, we have to allocate a certain time characteristic, for
example, the letter ti. Then, we get an ensemble of system-specific times:

t1, t2, . . . , ti, . . . (1:19)

To each of these time values belongs a certain space structure, that is, we have

x, y, zf g1system! t1

x, y, zf g2system! t2

..

.

x, y, zf gisystem! ti

..

.

(1:20)

Due to eqs. (1.18) and (1.20), each space structure is correlated to two time values.
For example, space structure x, y, zf gisystem in eqs. (1.18) and (1.20) is characterized
by τi and ti.

1.7.3 The standard system

The reference system is based on a certain time feeling. The time feeling may be
different for different individuals and often develops in connection with systematic
and constant changes in the environment of the individuals. For example, the time
feeling can be based on the movement of the sun. However, the introduction of a
reference time structure only makes sense if it is equally used by all individuals. It
is therefore a standard system.

The timescale of such a standard can be chosen arbitrarily. The usual standard
reference system is defined through our clocks. The clock hands of all clocks show
the time τ. That is, there exists one τ scale and this has been chosen arbitrarily.

1.7.4 Timescales

The system-specific time t is different for different systems (objects). But here, the
timescales of all systems should be identical and, furthermore, they have also to be
identical with the reference τ scale. Otherwise, we would not be able to relate the
various time structures to each other and there would be no relation to the refer-
ence time τ. That is, the τ scales of the physically real systems can be chosen arbi-
trarily as well, but have to be identical with the τ scale.

However, there are other features of the various system-specific times that cannot
be chosen arbitrarily. The system-specific time t is a “quantum time” (Chapter 6) and
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it is not only characterized by a τ scale, but also through the τ ranges as well, which
are different for different systems. The quantum aspect of the system-specific time t
is expressed by probability densities with respect to the variable t.

The analysis given in Section 1.7.2 reflects a classical treatment and the system-
specific time t is given in the classical approximation. This is particularly expressed
through the allocations in eq. (1.20). But we do not want to deepen this point in this
chapter and we refer to Chapter 6.

In conclusion, the system-specific timescales (t scales) and the reference time-
scale (τ scale) have to be chosen identical, that is, we have

t scale= τ scale (1:21)

Each space structure x, y, zf gisystem in eqs. (1.18) and (1.20) is characterized by the
two time values τi and ti. Furthermore, since both timescales are identical [scheme
(1.21)], with eqs. (1.18) and (1.20), we get the following allocations:

t1 = τ1
t2 = τ2

..

.

ti = τi
..
.

(1:22)

The system under investigation moves through an ensemble of time values

t1, t2, � � � , ti, � � � (1:23)

and we want to express this ensemble (spectrum) by the symbol tf gsystem:
tf gsystem = t1, t2, . . . , ti, . . . (1:24)

With eqs. (1.18), (1.20) and (1.22), we have
τ1 = t1 ! x, y, zf g1system
τ2 = t2 ! x, y, zf g2system

..

.

τi = ti ! x, y, zf gisystem
..
.

(1:25)

Relation (1.25) has to be seen as a selection process; it defines a selection process. A
space structure is observed through selection at a certain clock time τ. This is in
fact the situation in everyday life and reflects the most basic information a human
being can have.
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1.7.5 Observation through selection

Constant time intervals
Let us suppose that a human being observes two systems (objects), denoted by m
and k. He registers at clock time τ1 the space structures of the two systems and, cor-
responding to eq. (1.18), we have

τ1 ! x, y, zf g1systemm, x, y, zf g1system k (1:26)

The human observer registers, on the other hand, at clock time τ2 the changed
space structures of the two systems m and k, which is expressed by

τ2 ! x, y, zf g2systemm, x, y, zf g2system k (1:27)

Also, here, we have space structure changes and to each space structure, we have
to allocate a certain time characteristic as in the case of eq. (1.20). Since we have at
τ1 and τ2 four space structure [see eqs. (1.26) and (1.27)], we must have four system-
specific time values: t1m, t1k, t2m, t2k. These values are connected to the space struc-
tures given in eqs. (1.26) and (1.27), and we have

x, y, zf g1systemm! t1m

x, y, zf g1system k! t1k

x, y, zf g2systemm! t2m

x, y, zf g2system k! t2k

(1:28)

When we go from τ1 to τ2 we have space structure changes with respect to system m
and with respect to system k. With eqs. (1.26) and (1.27), we immediately get for the
space structure changes Δ x, y, zf gsystemm and Δ x, y, zf gsystem k, the relations

Δ x, y, zf gsystemm = x, y, zf g2systemm − x, y, zf g1systemm

#
Δtm = t2m − t1m,Δτ12 = τ2 − τ1

(1:29)

and

Δ x, y, zf gsystem k = x, y, zf g2system k − x, y, zf g1system k

#
Δtk = t2k − t1k,Δτ12 = τ2 − τ1

(1:30)

The human being compares the space structure changes Δ x, y, zf gsystem k and
Δ x, y, zf gsystemm with each other, and these space structure changes correspond to
time effects Δtm = t2m − t1m and Δtk = t2k − t1k.
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If we have

Δ x, y, zf gsystemm >Δ x, y, zf gsystem k (1:31)

the space structure changes of system m are larger than the space structure changes of
system k. Then, the processes with respect to system m last longer than the processes
in connection with system k. This is, in fact, what we experience as time feeling.

In the case of eq. (1.31), we work with constant time intervals. From eqs. (1.29)
and (1.30), we obtain in fact the constant time intervals

Δtm =Δtk =Δτ12 (1:32)

All that is judged relative to human observer’s own time feeling, which is expressed
through the clock by Δτ12 = τ2 − τ1.

Constant space intervals
Let us consider again the two systems m and k, and let us suppose that the space
structure of both systems change monotonically and continuously. A human being
observes m and k at clock time τ1. At clock time τ2 he registers system m and at
clock time τ3 he registers system k. Then, we have the following situation:

τ1 ! x, y, zf g1systemm, x, y, zf g1system k

τ2 ! x, y, zf g2systemm

τ3 ! x, y, zf g3system k

(1:33)

The observations are done under the condition that the space structure changes are
equal for both systems:

Δ x, y, zf gsystemm =Δ x, y, zf gsystem k (1:34)

In analogy to eqs. (1.29) and (1.30), we have with eq. (1.34)

Δ x, y, zf gsystemm = x, y, zf g2systemm − x, y, zf g1systemm =Δ x, y, zf gsystem k

#
Δtm = t2m − t1m,Δτ12 = τ2 − τ1

(1:35)

and

Δ x, y, zf gsystem k = x, y, zf g3system k − x, y, zf g1system k =Δ x, y, zf gsystemm

#
Δtk = t3k − t1k,Δτ13 = τ3 − τ1

(1:36)

The systems m and k are different from each other and condition (1.34) is fulfilled.
In particular, we have
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Δtk ≠Δtm
Δτ13 ≠Δτ12

(1:37)

and

Δtm =Δτ12
Δtk =Δτ13

(1:38)

If we have

Δtk >Δtm (1:39)

the structural changes of system m in the time interval Δtm are identical with the
structural changes of system k in the time interval Δtk. Then, the processes inside
system m are quicker than the processes inside system k.

In the case of eq. (1.39), we work with constant space structures. From
eqs. (1.35) and (1.36), we obtain the constant space structure intervals, expressed
by eq. (1.34).

All that is judged relative to the human observer’s own time feeling, which is
expressed through his clock. The reference time intervals Δτ12 and Δτ13 refer to sys-
tem m and system k. We have Δτ13 >Δτ12 in the case of Δtk >Δtm, that is, the time
interval registered by the clock is larger in the case of system k than the registered
time interval in the case of system m. Again, both systems move through exactly
the same space structures but in different clock-time intervals.

For human beings, the basic information about the world outside is given by
the unconscious experiences in everyday life. This information in the form of a
space structure x, y, zf gworld is at clock time τ directly before the eyes of human
beings.

This procedure does not reflect the system-specific time structure tf gworld,
which is not directly observed at clock time τ, but the space structure x, y, zf gworld.
Nevertheless, we can make statements about the system-specific time because there
is a coupling between τ and t. This coupling is expressed by eq. (1.25). However, we
already mentioned before that the system-specific time t reflects basically a quan-
tum variable, which does not allow a formulation like eq. (1.25).

The observation of N systems
In summary, the introduction of the system-specific time through the projection
principle makes it possible to eliminate metaphysical time machines like the San
Francisco cable railway that is used as metaphor here. Within the frame of the pro-
jection principle, we are able to compare the time structures of system m with that
of system k and human observer is also able to relate these timescales relative to
his own time feeling, which is expressed through the clock.
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So far, we have studied not only one system but also two with different space
structures. We want to extend this view from two to N physically real systems. They
are observed in connection with the reference system on the basis of the τ scale. We
observe the N systems successively at the clock times τ1, τ2, . . . , τi, . . .. That is, the
N systems are observed at each time τi simultaneously. Instead of eqs. (1.18) and
(1.20), we get

τ1 ! x, y, zf g1system 1, x, y, zf g1system 2, . . . , x, y, zf g1systemN

τ2 ! x, y, zf g2system n, x, y, zf g2system 2, . . . , x, y, zf g2systemN

..

.

τi ! x, y, zf gisystem n, x, y, zf gisystem 2, . . . , x, y, zf gisystemN

..

.

(1:40)

and

x, y, zf g1system 1! t11

x, y, zf g1system 2! t12

..

.

x, y, zf gisystemm! tim

..

.

(1:41)

At each time τ we have N space structures and N system-specific time values.
Instead of eq. (1.22), we obtain, in the case of N physically real systems, the

more general relation

τ1 = t1, 1 = t1, 2 = � � � = t1,N

τ2 = t2, 1 = t2, 2 = � � � = t2,N

..

.

τi = ti, 1 = ti, 2 = � � � = ti,N

..

.

(1:42)

Like eq. (1.22), relations (1.42) have to be seen as selection processes, where each of
the times t11, t12, . . . , t1m, . . . belongs to one of the N systems (objects). These are the
observations through selection processes.

The system-specific time t is identical with the clock time τ, but t is not τ. This
is valid for each of the N systems: At τ we have N system-specific time values.
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1.7.6 Some characteristic features

The phenomenon “time” is based on space structure changes. Here, space structure
changes do not mean that specific space structures have to be known explicitly, but
that space structures can be arbitrary and only their changes are relevant for the
phenomenon of time.

In other words, we experience the time feeling in connection with physically
real systems (objects) via space structure changes. Thus, we read the time from a
physically real system; they define what we call “time.” That is, the phenomenon
time is system specific. The systems make the time and not a hidden global time
machine like the San Francisco cable railway.

With the choice of τ, we adjust the clock time to the time feeling of human
beings. The τ scale reflects the standard system (Section 1.7.3). The choice of the τ
scale of the clock is independent on any physically real system. As we outlined in
Section 1.7.3, the timescales of individual systems have to be identical with the
timescale of the standard system (clock),

But we perceive only those systems, whose individual time values are in accor-
dance with τ. If the values t of a certain physically real system (object), having the
time spectrum tf g, are all different from τ, the system is not observable. This is the
case for all values t of the spectrum tf g if τ≠t.

We set the time structure

tf g ! ta, t1, t2, . . . , tb (1:43)

of a physically real system (object) in relation to the reference time τ, which re-
flects, in analogy to eq. (1.42), a time structure as well:

τ) τf g ! τ1, τ2, . . . , τi, . . . (1:44)

with

τ1 < τ2 < � � � < τi < � � � (1:45)

Applying eq. (1.22), we get

t1 < t2 < � � � < ti < � � � (1:46)

and

τ1 = t1 < τ2 = t2 < � � � < τi = ti < � � � (1:47)

Again, the reference time spectrum (1.44) can in principle be chosen arbitrarily.
However, it is realized through our clocks that are based on the time feeling of
human beings.

From the correspondence between τ and t [eq. (1.22)], we can deduce certain
observation laws. Let the values ta and tb be the lower and the upper limits of the t
spectrum tf gsystem of a certain physically real system (object). Then, the system is
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observable if the observation time τ is within the range of ta ≤ τ≤ tb. On the other
hand, the system cannot be recognized by the human observer if τ< ta or τ> tb. To
each value t of the t spectrum, belongs a characteristic space structure of the mate-
rial system in the world outside, and the human being just registers the space struc-
ture that belongs to t = τ.

The situation corresponds to what we observe in everyday life: We have at each
clock time τ a certain space structure before our eyes. The situation is immediately
understandable and does not need further explanation. Again, according to usual
clocks, which reflect our time feeling, the time τ moves evenly from low to large
values. In this way, the space structure of the system is observed through selection.

This step-by-step observation through selection is obviously an invention of
evolution and, to observe the system at once, it unburdens the individual to master
everyday life.

1.7.7 Time spectra and selections

To each physically real system or object belongs a system-specific time spectrum
tf gsystem. In the case of N systems, we have N time spectra.

tf gsystem n, n= 1, 2, . . . ,N (1:48)

At clock time τi, one of the t values of each time-spectrum is selected. The reason is
obvious: We are caught in space and time and a human being can only observe the
information of the system under investigation at clock time τ, that is, only one t
value of the spectrum tf gsystem is observable and this value is given by t = τ. In the
case of N systems, we have N t values at clock time τ. This is expressed by

tf gsystem n!
selection

tisystem n = τi, n = 1, 2, . . . ,N (1:49)

All N systems have the same time value at τi. Equation (1.49) describes a selection
process. Systems for which a t value is not defined at τi, are not observable, but can
exist. This is fulfilled within the conception described in Sections 1.7.1–1.7.5.

We compare time structures tf gksystem n, n= 1, 2, . . . ,N with the reference time
structure τf g [see relation (1.44)]. The variations of space structures (space structure
changes) reflect the behavior of what is defined as time, which is a system-specific
entity. Within this conception, we can say something about the time behavior of
physically real systems (objects).

Since “all” physically real systems are equally observed by human beings and
selected through the reference time τ, we get the impression that “all” systems are
described by the reference time τ, that is, their own system-specific time t is sup-
pressed and is shifted into the background. But this situation is embossed through
observation processes performed by human beings. In fact, the observer is here in
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the center, and the observers are caught in space and time, that is, t values with
t ≠ τ are not observable.

Remark
Clearly, a nanostructure formed by atoms and/or molecules is such a space struc-
ture at time τ. Thus, nanosystems too reflect system-specific time spectra tf gnano for
each system. There is no doubt that this view represents a basic feature for systems
at the nanolevel. For the description of nanosystems, this basic view should be
taken into account, just in connection with self-organizing processes.

1.7.8 Space structure changes and observation features: overview

The phenomenon “time” is an objective fact. We experience it at the macroscopic
level of everyday life. This is the most direct and basic experience a human being
can have in connection with time and time feeling, respectively. The phenomenon
time is born at the level of everyday life. The origin of the so-called time feeling
comes into existence through space structures and their changes. These are space
structures of material objects. This was our basic assumption in Sections 1.7.1–1.7.5.
Furthermore, we based our statements with respect to time on the fact that human
beings are caught in space and time. We are particularly caught in the time τ,
which is expressed by our clocks. We do not experience the physically real (mate-
rial) world outside τ. Observations for times smaller than τ and for times larger
than τ are not possible.

Physics developed from classical mechanics to quantum theory, and the con-
ceptions of physics were essentially further developed by quantum theory.
However, the notion “time” remained classical in character in the transition from
the classical description to the methods of quantum theory.

In fact, the clock time τ is not changed during the developments of the various
disciplines in theoretical physics. Clearly, within the theory of relativity, the value
of the clock time τ changes when the clock moves with a certain velocity or when
the clock is positioned in a gravitational field. However, only the value of τ is
changed but not its character.

As we remarked several times, Erwin Schrödinger tried to introduce a quantum
time within the frame of usual quantum theory, but without success. We have obvi-
ously to analyze the basics, on which the time is based, in more detail. First of all,
we have to eliminate the “external” time notion. We did that in this section and in-
troduced an “internal” system-specific time. The main items for the description of a
nonexternal time notion can be summarized as follows:
1. The time feeling has its origin in space structure changes of the material

environment.
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2. Human observers are caught in the clock time τ. There are no observations pos-
sible outside τ. Only system-specific times with t = τ are observable.

3. It is a classical description in the macroscopic realm, that is, quantum-theoretical
characteristics are not yet considered, but in Chapter 6.

In this way, an external time machine in the sense of the San Francisco cable- railway
could be avoided. Again, the system-specific time, introduced in Sections 1.7.1–1.7.5,
is still classical in character without any quantum-theoretical characteristic. The
quantum aspect of time, which we discuss in Chapter 6, may not be in contradiction
to the macroscopic, classical treatment given in this section. In fact, we will recognize
that the quantum-theoretical formulation of the phenomenon “time” is compatible
with the classical view of time given here.

The quantum aspect of time t (Chapter 6) effectuates that t behaves statistically
and fluctuates, and there can be t values at clock time τ with t ≠ τ, that is, t may
fluctuate between the past and the future.

1.7.9 Space–time feeling: elementary steps

In Sections 1.6.4 and 1.7.8, we indicated the essence of space and time within pro-
jection theory. In this section, we want to continue this discussion on the basis of
specific considerations.

Space feeling
The separate perception of objects comes into existence through extensions of space.
These space extensions generate the human being’s space feeling. For the perception
of two objects, a certain “extension” is introduced through nature. Nature invented
extensions in order to give human beings the possibility to order the world (environ-
ment) before his eyes. As we already remarked in Section 1.6.4, here extension has to
be considered as a basic notion.

It defines what we call as the “space,” assessed from the qualitative point of
view. For the quantitative treatment of the space phenomenon, we put a coordinate
system over the space impression. In the case of two objects, we have x1, y1, z1 for
object 1 and x2, y2, z2 for object 2. The space extension itself is then expressed by the
distance of the two objects:

Δx= x2 − x1, Δy= y2 − y1, Δz = z2 − z1 (1:50)

The space feeling itself is not dependent on the size of the distances Δx, Δy, Δz, but
it comes into existence through the existence of Δx, Δy, Δz. The magnitude of
Δx, Δy, Δz is not relevant here. We have “one” space feeling for an ensemble of
physically real objects before us, which are located in one space. There are various
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distances for various objects that are located in the same space with “one” charac-
teristic space extension. Therefore, we have only “one” type of space feeling. In
other words, the space feeling cannot be dependent on the distances expressed by
Δx, Δy, Δz for each pair of the object ensemble.

Time feeling
While the phenomenon of space feeling is due to an existing space extension, time feel-
ing comes into existence through “space structure changes,” which create a qualita-
tively new effect that we connect with the notion “time.” The time feeling itself is an
attribute of the human being’s mind. As we remarked in Section 1.6.4, the space struc-
ture changes have, in general, a certain tendency to proceed in a certain direction.

The quantitative treatment of the phenomenon “time” is in analogy to the treat-
ment with respect to space. Then, the space structure changes are expressed by the
differences of the corresponding time values t1 for space structure 1 and t2 for space
structure 2. The space structure change itself is then expressed by the time interval
of the two space structures: Δt = t2 − t1.

The time feeling (the time effect) comes into existence through the existence of Δt,
but also through the magnitude of Δt, that is, in contrast to space feeling, which is not
dependent on the distances Δx, Δy, Δz, the time feeling is dependent on the time-
distance Δt. This feature reflects the fact that human beings have a certain sense for
dynamical processes. In this way, human beings get the ability to study and influence
the structure and dynamics of the physically real objects in the environment.

Conclusion
In summary, we may state the separate perception of material objects through space
extensions, the space feeling is created, whereby the space extensions effectuate the
separations. On the other hand, the perception of physically real space structure
changes creates the time feeling. In this case, we have two space structures, and both
structures create the same space feeling, but the time feeling comes into existence
through the changes.

1.7.10 The time aspect in traditional physics

What is time? Augustinus von Hippo gave more than 1,600 years ago the following
answer to this question: “If no one asks me, I know what it is. If I wish to explain it
to him who asks, I do not know.” This is exactly the situation up to the present day.
Even Albert Einstein gave the question “What is time?” no definite answer. He said:
“Time is that what a clock show.”

In fact, we cannot say much more about the phenomenon “time” in traditional
physics. Isaac Newton postulated an absolute time, which is identical with our clock

1.7 The system-specific time 39

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



time τ. After Newton, the absolute time can even exist without any matter or other
entities. The situation concerning time has not essentially changed. Clearly, the
clocks show another time if they move or if they are put into a gravitational field, but
the Newton’s basic definition remains, also in the usual form of quantum theory.

Projection theory opens the door for a more sophisticated view. We need in fact
a more realistic time conception since the new technologies (nanoscience and
nanotechnology) emerge new effects, and for their understanding, a more sophisti-
cated view for the time is required.

The container model works with one space and one time. Within the frame of
the projection principle, there is possibility for various spaces and various time
structures, and this is because space and time are not physically real entities.
Projection theory requires the existence of a system-specific time t. We will recog-
nize in Chapter 6 that the existence of both, the momentum p= ðpx, py, pzÞ and the
energy E, can only exist if a system-specific time t exists. The clock time τ remains
in the form of a reference time.

1.8 Other types of biological individuals

The experiment with inverting glasses underlines the fact that the world (picture)
before our eyes is observer dependent. We have to assume that all members of a
certain species have the same impression. This in particular means that the mem-
bers of other species have possibly other pictures of the world outside before their
eyes. This is, in fact, confirmed within the frame of behavior research. In this con-
nection, the so-called chick experiment is relevant.

In other words, we have to conclude that the picture of reality must be species-
dependent. We have to assume that the actions of other biological systems are, in
general, based on a picture of reality that is different from that of human beings.
How can this statement be verified?

1.8.1 The chick experiment

Within the so-called chick experiment, the behavior of a turkey is studied. The par-
ticipants in this experiment are a turkey, its chick and a weasel. The study has been
done by Wolfgang Schleidt and the topic belongs to the realm of behavior research.

The chick experiment is fundamental. From the behavior of human beings in
everyday life, we draw our fundamental information about the world outside. This
information is basic and is the starting point for scientific developments, starting
with classical mechanics essentially developed by Isaac Newton.

Once again, Wolfgang Schleidt used for his studies a turkey, its chick and a
weasel. Using these three animals, he investigated the behavior of the turkey and
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the weasel in certain situations. Such types of experiments are important because
they could influence our world’s view basically, that is, the importance is thor-
oughly comparable with specific key experiments in physics.

The experiments have been done at the macroscopic level, that is, at the level
of everyday life. What are the details?

The weasel is the deadly natural enemy of turkeys. A weasel, which approaches
the nest of a turkey, will be attacked by the turkey with violent pecks.

What did Schleidt do? His experiments were very simple and convincing. He
worked with methods that are located at a level used more or less in daily life, but
the implications are far-reaching because the very basis is concerned here. Let us
take the following instructive text from Ref. [12]:

It is known that a turkey sitting on its just-hatched chick attacks everything which approaches
its nest. This is of course not true in the case of one of its own chicks which has for any reason
left the nest. In order to protect the chick, it will steer back the squeaking the little bird with
calming calls into the nest. All this seems to be nothing more than normal; indeed, the turkey
actually shows almost human behavior.

The fact is however that the perception apparatus of turkeys must be quite different from
that of humans. This can be demonstrated by means of two simple experiments.
1. Schleidt blocked the ears of the turkey so that it could not hear anything. After a certain period
of pacification one of her chicks approached the nest and a serious disaster happened: Without
hesitation the turkey strongly pecked the chick with its beak until it was dead.

The turkey saw its chick approaching but did not identify it. Everything that is
“unknown” and that approaches its nest is attacked.

2. Schleidt implanted into the body of a stuffed weasel, the deadly enemy of the turkey, a little
loudspeaker which emitted the sound of a squeaking little chick. By means of a hidden de-
vice he moved the stuffed weasel up to the nest. In this case also something happened
which was quite unexpected: The turkey saw the weasel coming but did not identify it; after
some hesitation, it even allowed the weasel into the nest and gave it protection.

These dramatic and unexpected results lead to the conclusion that the turkey must expe-
rience the world optically quite differently from the way that we do, even though the eyes of
the turkey are quite similar to ours. There is obviously no similarity between what the turkey
experiences and what a human being sees in the same situation! [12]

The experiments are reproducible, that is, all turkeys experience the world in this
way. In other words, the experiments reflect a general scientific fact and are not
only an individual instance.

It is a nonphysical experiment but the outcome could be important for physics.
It is particularly not based on the notions and the experimental methods of tradi-
tional physics.

1.8.2 Assessment

Schleidt worked with methods of everyday life. However, his experiments have to
be considered as fundamental and are obviously relevant for the developments in
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scientific research. Schleidt demonstrated convincingly that the perception appara-
tus of a turkey must be quite different from that of human beings. These experi-
ments led to dramatic and unexpected results. They particularly demonstrate that
the turkey must experience the world optically in a quite different way than human
beings do, although the eyes of the turkey are quite similar to ours. There is obvi-
ously no similarity between the pictures of reality of a turkey and a human being in
the same situation.

Both systems, human being and turkey, react correctly in the normal case be-
cause both species are able to exist in the world. This can only be possible from the
point of view of the modern principles of evolution if their particular views of the
world are correct.

Although the conceptions of the world of humans and turkeys are on the one
hand different from each other, they are on the other hand correct in each case.

This means that neither of these two conceptions of the world can be true in the
sense that they are a faithful reproduction of nature: Objective reality (basic reality)
must be different from the pictures, which biological systems construct from it.

In summary, the experiments by Wolfgang Schleidt deliver essential contribu-
tions for our understanding of what we call reality-picture principle. They can help
to learn something about the relationship between reality and any kind of observer
(human being, turkey, etc.). However, we can only say that the perception appara-
tus of the turkey is different from that of humans; the details are not accessible in
this way but we do need more information for the answering of such principal ques-
tions. We even do not know if such biological systems (turkeys) experience “their
world” within the framework of space and time. A more detailed analysis is given
in the next section.

The chick experiment offers a general conception, because there is no reason to
believe that turkeys have to be considered as an exception.

1.8.3 Chick experiment and projection effects

The result of the chick experiment is intuitively judged within the frame of the con-
tainer model. This is simply a matter of habit. But this way obviously leads to conclu-
sive statements, even when the outcome of this experiment is hardly understandable
within the container model. On the other hand, the projection principle offers the pos-
sibility to explain the chick experiment straightforward. Nothing has to be changed
when we consult the basic items of this principle for the explanation of Schleid’s ex-
periments. In Figure 1.3, the main characteristics of the projection principle are given.

The world, which biological systems experience, is observer dependent but spe-
cies-dependent as well. The species dependency is due to the principles of evolu-
tion, where the principle of usefulness (Section 1.5.1) is in the foreground in the
biological development of the members of a species. After this principle only that

42 Chapter 1 Challenges in nanoscience

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



information is pulled from the reality outside (basic reality), which is useful for
daily life and which is essential for survival for the individuals. In other words, this
information is species dependent.

The mind–brain complex processes this information, at least in the case of a
human being. But we may suppose that such kind of procedure is also a character-
istic in the case of turkeys, if such a mind–brain complex actually exists for them.
However, we have to assume that the mind–brain complex is species dependent as
well, and we have

mind−brain complex½ �turkey ≠ mind−brain complex½ �humanbeing (1:51)

That is, not only the pulled information from basic reality is species dependent but
the mind–brain complex as well, which processes the pulled information. These
processes lead to the pictures of reality. Thus, the picture of reality of a turkey must
be different from the picture of reality of a human being:

picture of reality½ �humanbeing ≠ picture of reality½ �turkey (1:52)

This is just what the chick experiment has taught us.
The picture of reality consists of a frame of representation on which the (spe-

cies-dependent) information is projected. In the case of human beings, the frame of
representation is given by space and time. In the case of turkeys, the frame of repre-
sentation is unknown. We get

frame of reference½ �humanbeing = space and time (1:53)

frame of reference½ �turkey = ? (1:54)

The situation is summarized in Figure 1.4.

1.8.4 The impact of nanoscience

Other types of biological individuals obviously live in their own world. The princi-
ples of evolution, in particular the principle of usefulness, dictated the peculiarities
of each of these worlds. For example, human beings and turkeys live in parallel
worlds, as was demonstrated through the chick experiment. We may state quite
generally that the world outside is observer dependent for all types of biological in-
dividuals (Section 1.5.2), but it is, in addition, species dependent as well. The chick
experiment underlines that.

The level at which the particular peculiarities emerge is the nanolevel. That
is, within the frame of nanotechnological changes we vary the basic features of
biological individuals. If a human being wants to change the characteristics of an-
other type of individual nanotechnologically, he must know the “basics” of the
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characteristic features of this type of individual. Otherwise, the outcome of the
nanotechnological impact can lead to a catastrophe, as we have seen in the case
of the chick experiment.

If the reality-observation principle of projection theory is the realistic back-
ground for the assessment of such situations, it is important to know how the
mind–brain complex and the frame of representation work with respect to the other
type of biological individual. Do they exist at all or in the form as human beings
imagine?

1.9 Immanuel Kant and his thoughts about space and time

Nanoscience requires a reliable view about the world outside. Concerning state-
ments about reality outside, we need statements about space and time. The reason
is obvious: Human beings are caught in space and time and master their lives ex-
clusively within the frame of space and time.

×
×

Physical reality

×

Human beingTurkey

[picture of reality]human being[ picture of reality]turkey

[frame of reference]turkey
[frame of reference]human being

Figure 1.4: The world, which biological individuals experience, is observer dependent and also
species dependent. The species dependency is due to the principle of usefulness and is in the
foreground in the biological development of the members of a species. After this principle, only
that information is pulled from basic reality, which is useful for daily life and for survival. The mind
brain complex processes this information. We may suppose that such kind of procedure is also a
characteristic in the case of turkeys, if such a mind–brain complex actually exists for them. In any
case, we have to assume that the mind–brain complex is species dependent as well. These
processes lead to the pictures of reality. Thus, the picture of reality of a turkey must be different
from the picture of reality of a human being. This is just what the chick experiment has taught us.
The picture of reality consists of a frame of representation on which the (species-dependent)
information is projected. In the case of human beings, the frame of representation is given by
space and time. In the case of turkeys, the frame of representation is not known.
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Within the conception of the projection principle, space and time are not physi-
cally real entities but serve exclusively for the representation of facts in the world
outside. Within projection theory, space and time are products of the human being’s
mind.

It is astonishing that the space–time features, discussed in connection with the
projection principle, are also reflected by the ideas of the philosopher Immanuel
Kant in the nineteenth century. Let us briefly discuss Kant’s ideas.

1.9.1 Kant’s arguments

Kant argued that statements about the true reality outside cannot be made.
According to him all things we observe are located within space–time and these ele-
ments, space and time, are located inside the observer. In Kant’s opinion, a human
observer can nothing say about the structure of that what we call world outside. In
particular, in his opinion a human being is not able to give answers on the following
questions: Is there a “one-to-one correspondence” between the structures outside
and those in the mind? Does reflect the information, located in the mind in the form
of a picture, the “complete” information about physically real (material) world out-
side? Kant knew nothing about the principles of evolution but this is an essential
point in answering such questions (see in particular Section 1.5.1).

According to Immanuel Kant, experiences become only possible through the
concepts of space and time. In his opinion, space and time are not empirical con-
cepts, which are determined by abstraction from experience. After that, space and
time are not objects, but have to be considered as preconditions for the possibility
of all experience.

Although in Kant’s opinion space and time are not empirical concepts, they
nevertheless have empirical reality. The reason is obvious: All things, which we ob-
serve, are located in space and time. In other words, the structures of space and
time are reflected in the empirical fact, that is, by the objects. Kant denied the exis-
tence of a space and a time independent of brain functions (observations in every-
day life, thinking).

1.9.2 Differences to the projection principle

According to Kant, space and time are located inside the observer. Whether space
and time are also elements of actual (fundamental) reality outside remains princi-
pally an open question within Kant’s point of view. There is no doubt that this is a
big difference to the projection principle. Within the frame of the projection princi-
ple, space and time are not physically real entities and cannot be located in the
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physically real world outside. This point has been discussed in Section 1.6.2 in con-
nection with Mach’s principle.

Kant’s perspective is without any doubt important, not only in connection with
philosophical questions. But what are the consequences for the theoretical struc-
tures of physics?

If we take Kant’s view seriously, then the physical laws as, for example, the
laws of Newton’s mechanics, are merely pictures in the head of the observer and
there is principally no way to express them for the reality outside; nothing can be
said about the processes in the outside world. If the gravitational law (and all the
other physical laws) is merely a picture in the head we get a problem because there
can be no gravitational forces in the head of the observer.

1.9.3 Realists and antirealists

Kant’s thoughts can lead to considerable problems when we apply them to physics.
Barrow remarked: “We can see that Kant’s perspective is worrying for the scientific
view of the world” [13]. However, Kant’s perspective has not taken so seriously in
physics and there are other positions. The situation is well analyzed by Barrow:

There are two poles about the relationship between true reality and perceived reality. At one
extreme, we find “realists”, who regard the filtering of information about the world by mental
categories to be a harmless complication that has no significant effect upon the character of
the true reality ‘out there’. Even when it makes a big difference, we can often understand
enough about the cognitive processes involved to recognize when they are being biased, and
make some appropriate correction. At the other extreme, we find “anti-realists”, who would
deny us any knowledge of that elusive true reality at all. In between these two extremes, you
will find a spectrum of compromise positions extensive enough to fill any philosopher’s li-
brary: each apportions a different weight to the distortion of true reality by our senses [13].

In other words, there are no criteria to decide about the true nature of absolute real-
ity. There are realists and there are antirealists. However, the realists cannot disprove
the antirealists and vice versa. The realists more or less assume that there is a one-to-
one correspondence between “true reality” and the “perceived reality” (picture). The
antirealists maintain that we can say nothing about true reality. Also, the statement
that there can be no one-to-one correspondence is against the realist’s opinion.

1.9.4 The influence of evolution

When we consider however the basic facts of biological evolution, both viewpoints
seem to be not realistic. Evolution is the basic factor here, and evolution teaches us
that cognition does not play the important role in nature but the differentiation
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between “favorable toward survival” and “hostile toward survival,” at least at the
early phase of evolution [5] (Section 1.6.2). Each picture of reality (perceived reality)
is tailor-made to these characteristics. Since the conditions for survival are different
for different biological systems, the perceived realities are different for different bio-
logical systems. Wolfgang Schleid’s experiments (Section 1.8) with a turkey showed
that very impressively.

The picture of reality, unconsciously designed by individuals, has to be correct
but it may only contain, for economic reasons, information, which is necessary for
survival and nothing more. Everything else is unnecessary. The picture of reality
does not have to be complete and true. It must not be a precise reproduction of the
world outside, but it must be restricted and reliable.

Furthermore, we learned from Schleid’s experiments that the conception of the
world of human beings and that of turkeys are on the one hand different from each
other, but they are on the other hand correct in each case.

This in particular means that neither of these two conceptions of the world out-
side can be true in the sense that they are a faithful reproduction of nature. In other
words, there can be no one-to-one correspondence between the structures in the
picture and those in true reality. Objective reality must be different from the images
which biological systems construct from it.

The statement that there can be no one-to-one correspondence is, on the one
hand, against the realists and, on the other hand, it is simultaneously against the
position of antirealists because it is a statement about true reality.

1.10 Summary and final remarks

With nanoscience, we enter a higher level of reality, higher and deeper than that on
which traditional physics is based. This step is required when we want to describe
the typical features of nanosystems realistically. For the understanding of the ef-
fects at the nanolevel, basic conceptions have to be deepened and expanded. In
particular, the nature of space and time plays an essential role in this connection.
Here, Mach’s principle comes into play and has to be fulfilled.

The projection principle is obviously an adequate frame for the realistic descrip-
tion of nanophenomena. In this chapter, some essential items have been summa-
rized and their importance is underlined. The following topics are in the center:
1. In nanoscience, we work at the ultimate level where the properties of matter

and biological individuality emerge. Can we transfer the basic laws of tradi-
tional physics and technologies to the nanorealm? Here, we have to be careful
since new effects at the nanolevel require more.

2. In the quantum-theoretical description of traditional quantum theory, only the
classical time τ appears. No other type of time is defined here. Already Erwin
Schrödinger, Wolfgang Pauli and Ilya Prigogine strongly argued that we need a
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quantum aspect of time. However, a quantum aspect of time cannot be introduced
within traditional quantum theory without changing the structure of the physical
laws themselves, that is, without changing the structure of Schrödinger’s equation
itself. Obviously, the most basic features of the principal conception have to be
changed.

3. We discussed two fundamental conceptions: The container model and the pro-
jection principle. We came to the conclusion that the details of the container
model are not realistic and this conception has to be considered at best as an
approximation. A more realistic basis for the physical phenomena in the world
outside is desired. The quantum aspect of time is only one problem, which the
container model is obviously not able to solve. Within the frame of this situa-
tion, the so-called projection principle is relevant. Here, the physically real
world is not embedded in space and time but it is projected onto space and
time. This conception is adapted to the basic features of space and time and is
therefore more realistic from the very first.

In fact, the projection principle exactly delivers what is desired in connec-
tion with the “quantum aspect of time.” Here, we need an operator for the time,
and each system (nanosystem) defines a system-specific time that behaves
quantum-mechanically. In other words, the projection principle offers the es-
sential items we need for the understanding of the self-organizing processes.

4. Self-organizing processes belong to heart of nanoscience. It is, however, not
possible to describe self-organizing processes adequately within the frame of
traditional quantum theory. The basic features, which are essential for the un-
derstanding of self-organizing processes, are not given in traditional physics.
Here, we need a quantum-theoretical aspect of time, which is not defined in tra-
ditional quantum theory. A realistic description of self-organizing processes
should however be possible through the projection principle since it contains
the characteristic features. Within the frame of the projection principle, a quan-
tum time and an operator for the time are directly being given.

5. It is outlined that space and time are not physically real phenomena. They do
not belong to the reality outside. Space and time are the frames on which the
physically real objects are projected.

6. The external, metaphysical time is eliminated in projection theory. Here, we
have a system-specific time. To each space structure, a system-specific time has
to be allocated.

7. The world (picture) before our eyes is observer dependent. This in particular
means that the members of other species have possibly other pictures of the
world outside before their eyes. That is, the picture of the world outside is not
only observer dependent but species dependent as well. This is in fact confirmed
through specific studies within behavior research. In this connection, the so-
called chick experiment is relevant. There is obviously no similarity between the
pictures of reality of a turkey and a human being in the same situation.
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1.10.1 Outlook

In Chapters 2 and 3, we will quote traditional methods, which have been used for
the characterization of nanosystems. Typical applications will be brought and dis-
cussed. Then, in Chapters 4–7, the “reality-observation principle,” important for
the understanding of nanosystems, is deepened and the principles for the realistic
analytical treatment of nanosystems will be given.
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Chapter 2
Directions of nanoscience

In this chapter, we discuss some of the relevant points that could be essential for
nanoscience in future. Possible directions in this field are indicated. This is not a
complete representation but only a few specific problems have been selected,
which appear in the theoretical and computational treatment of nanosystems and
are summarized and briefly discussed. In particular, we underline the relevance of
the basic physical laws for nanoscience, but also some principal questions in con-
nection with biological systems. Here the principles, which we developed in the
first chapter, have been taken into account. Some basic remarks with respect to
nonbiological systems are given as well; the determination of atomistic and elec-
tronic nanoproperties plays an essential role and will be underlined. What parame-
ters are important here?

2.1 Basic physics and nanoscience

As we already outlined in Chapter 1, the development of the scanning tunneling mi-
croscope made it possible to manipulate matter on its ultimate level, where the
properties of usual matter emerge and where individual life comes into existence.
This situation makes it necessary to apply the physical laws in their basic form. We
also remarked in Chapter 1 that in traditional technologies, that is, within the frame
of micro- and macrotechniques, scientists do not work on the ultimate level. At
these levels, phenomenological descriptions are more or less in the foreground.
Each discipline has its own description which, in general, cannot be deduced from
the basic physical laws.

In nanoscience and nanotechnology, we have “one” theory for all phenomena
and this is given by the basic laws of theoretical physics. This has at least two
consequences:
1. Since we are working here on the ultimate level, the properties of matter and

functional matter have to be defined in final form because there is no physical
level above the ultimate nanolevel and means the following: this is not only the
strongest material ever made, but this is the strongest material it will ever be
possible to make [1].

2. Working on the ultimate level also means that any change in the basic physical
laws will directly influence nanoscience, without any intermediate step.
Clearly, this can lead to completely new perspectives with respect to applica-
tions. Therefore, to work on nanoscience also means to develop the basic laws
further. The necessity for that was demonstrated in Chapter 1 in connection
with the quantum aspect of time, and even the basic conception of physics had
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to be developed further: instead of the container model, the projection principle
had to be used [14]. The direct use of the basic theoretical laws in nanoscience
particularly means that technology has reached the level of science; nano-
science and nanotechnology are basically undistinguishable.

2.1.1 Why computational and theoretical nanoscience?

Quite generally, we need theoretical and computational nanoscience in order to
predict and to describe new nanosystems and, furthermore, to give nanoscience a
direction [15, 16].

But there is another point. Self-assembly (self-organizing processes) is a typical
nanodiscipline, as we have underlined in Chapter 1. However, self-assembly can be an
uncontrolled process. In other words, the final state can be uncertain. This can lead to
undesirable developments, just in connection with biological systems. Therefore, the
theoretical and computational analysis of such processes is not only desirable but ab-
solutely necessary in order to keep nanoscience under control, just in connection with
the self-assembly of artificial biological systems, where the final structure at the begin-
ning of the process in general is not known. These are without any doubt threats, but
can be extensively eliminated by the systematic theoretical analyses of the system
under investigation using adequate laws from theoretical physics.

Clearly, for a reliable analysis of self-organizing processes we first need a general
theoretical framework on which a detailed analysis can be based. As we have outlined
in Chapter 1, such a general theoretical framework must contain the quantum aspect of
time, which is not defined in traditional physics (traditional quantum theory). Such a
quantum aspect of time can obviously only be introduced when we replace the tradi-
tional container model through the more realistic projection principle.

2.1.2 Complexity of nanosystems

Nanosystems are without a doubt interesting and they behave quite differently in
relevant cases from systems used in micro and macrotechnology. However, many
researchers discuss nanosystems on the basis of traditional thinking. Why? They
very often study the effects by means of static building blocks as we do in connec-
tion with microsystems. Normally, it is assumed that the properties of nanosys-
tems ( for example, a nanocluster) are due to the relatively large surface area. The
relative number of surface atoms/molecules increases with decreasing size. This
effect modifies significantly the inner structure of the building blocks in comparison
to that of the bulk [15]. But in most cases, they are theoretically treated as static ele-
ments without a changed inner structure, that is, they remain static within this view.
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However, this structure aspect is only one typical effect in connection with
nanosystems. There is another important point: nanosystems behave strongly an-
harmonically [2, 15], much more than in its usual solid-state physics and in micro/
macrosystems, that is, also the dynamics of the objects is modified, which can lead
to unusual effects. The whole nanosystem can transform spontaneously and there
can exist many coexisting structural states. Let us briefly discuss the spontaneous
transformations of nanoclusters as a typical and relevant example.

Nanoclusters behave in a certain sense like atoms. They can be in an excited
state. After a certain time, the excited cluster state transforms spontaneously to the
ground state without external influence [2, 15]. The situation can be more complex
than in the case of atoms. There can be more than one ground state. It is a matter of
chance to what ground state the cluster transforms from the excited state. The vari-
ous ground states may differ with respect to two features. The internal structure as
well as the outer shape are, in general, different for the various ground states.
There are grain boundaries, dislocations and other lattice defects. The outer shape
of the clusters in the ground state depends on the arrangement of these inner lattice
effects.

In other words, a free cluster or a cluster on a surface of a solid behaves for a
certain time interval as a static nanosystem. But it transforms spontaneously into
another nanocluster with another internal structure and another outer form. In
micro- and macrotechniques, we do not observe such effects; here we have for all
times one structure and one form. A penny on a table does not transform spontane-
ously into a 50 cents coin or so; a penny remains a penny forever. However, for
such a nanopenny, structural transformations would be possible on nanometer
length scales.

We may conclude that systems, relevant in nanoscience (nanotechnology), be-
have in general complex and they are obviously not comparable with the behavior
of micro- and macrosystems. For the description of such nanosystems, the theoreti-
cal and computational tools have to be selected very carefully and are partly not
developed yet. We discussed this point in Chapter 1 and even the basic conception
for the theoretical treatment is under investigation.

In this connection, the interaction laws (potentials) between the objects form-
ing a nanosystem are critical input data, and this is because the structure and the
dynamics of such systems are very sensitive to small variations in the potentials.
We will discuss this point below, in particular in Chapter 3.

It is generally accepted that nanobiology and nanomedicine will influence our
future considerably. Just here, theoretical and computational nanotechnology will
play a basic and important role. What mathematical tools and what physical laws
do we need here? Are there principal limitations in connection with the understand-
ing of biological systems? The last question directly arises when we consider the
human brain as a mathematical object. Is a complete description of the human
brain possible on the basis of the laws of theoretical physics? Within the frame of
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the projection principle, part of the brain is material in character; here the brain
is coupled with the mind and this makes the situation complex since the brain
must necessarily contain mind states. In Chapters 4 and 5, we will discuss these
problems.

2.2 Some principal questions

2.2.1 Nanobiological systems

The impact of nanoscience (nanotechnology) will be tremendous and will influence
our future dramatically. The manipulation of atoms and molecules will allow to de-
velop new technological worlds: electronic nanodevices, nanomachines and so on.
Nanoscience will particularly develop fundamentally new possibilities in the field
of medicine. Just in the case of nanobiotechnology, big changes are expected al-
ready in the near future.

A lot of speculations are in discussion. For example, it has been argued that
through nanoscience our bodies will be transformed into illness-free, undecaying
systems of permanent health. Moreover, it has been prognosticated that it will take
approximately 30–50 years to develop nanotechnological means for the creation of
superhuman intelligence. That will bring the human era to an end. The following
citation is instructive:

We already have experimental hints of how that might be occur. In September 1999, molecular
biologists at Princeton reported adding a gene to a strain of mice, elevating their production of
NR2B protein. The improved brains of these “Doogie mice” used this extra NR2B to enhance
brain receptors, helping the animals solve puzzles much faster. A kind of genetic turbo-
accelerator for mousy intelligence. Human brains, as it happens, use an almost identical pro-
tein. It is not far-fetched to suppose that we will learn to tweak or supplement it to increase
our own effective intelligence (or that of our children). [17]

Such speculations might become real facts. However, we always have to ask on
which basic conception a certain speculation has been made. What is for example
the basis of the term “superhuman intelligence”? It is here the container model.
Matter, mind and brain are not interwoven within this model, and statements have
to be considered with care and are not very much founded. Here we have no order
of principle for the brain and the mind to which the matter is coupled. This point
will be discussed in more detail in Chapters 4 and 5.

Also here the following question arises: are the theoretical tools developed so
far sufficient for the description of such biological phenomena? In the next section
we will discuss this point by means of basic principles.

2.2 Some principal questions 53

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



2.2.2 Levels of reality

Since the effects on the nanolevel are principally new, not only improvements and
additions of the present theoretical frame are sufficient. We probably have to leave
the level of present physical description frames, where the material objects and
their interactions are considered and described through the tools of classical me-
chanics and traditional quantum theory. It is not a speculation when we state that
there will be an expansion of physics through nanoscience.

In what direction have we to go? There are some principal questions. For an-
swering them, sophisticated arguments are needed. Can we really develop the theo-
retical means for the description of superhuman intelligence? In fact, the container
model (Chapter 1) is too rudimentary for that. The projection principle is more suit-
able in such cases, as we have outlined in Chapter 1; this principle is more realistic
than the container model. The discussion in the following sections will underline
that convincingly.

To explore these new ways experimentally is probably no problem, but is the
outcome really what we wanted to produce? The practical way is in most cases sim-
ple, but do we really understand the practical steps? In other words, can we fully
estimate the consequences for our life and civilization? This seems to be more than
doubtful under the present knowledge and conditions. The present theoretical tools
and conceptual strategies are probably not sufficient for that. It is questionable
whether we can actually understand a “superhuman intelligence” or a “life without
death” on the basis of the present human brain and mind structure. Let us briefly
discuss why.

2.2.3 On the description of brain functions

To clarify the situation in more detail we have to introduce a useful and convincing
conception. This conception is based on what we call reality and its description on
certain levels (levels of reality).

The following view has often been discussed in literature, in particular in
Chapter 1: Basic reality, that is, reality that exists independently of the observer, is
principally not accessible in a direct way. But it is observable or describable by
means of pictures (pictures of reality) on different levels, which we called “levels of
reality.” What is the order principle for these levels of reality? How are they ar-
ranged? The levels can be arranged vertically in accordance with the degree of gen-
erality where the level with higher degree of generality is arranged above that with
a lower degree of generality (see Figure 2.1).

It is obvious that the description of certain facts, which are located on a certain
level of reality, cannot be done on the basis of the information of another level of
reality that is located below this level. A more general structure or theory cannot be
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deduced on the basis of a structure or a theory that is less general. For example,
traditional quantum theory cannot be deduced from classical mechanics. In other
words, the theoretical structures on a certain level cannot be deduced from the
standpoint of a level that is positioned under this level [4].

If we apply these principles on that what we called “superhuman intelligence,”
we may conclude that such a superhuman intelligence cannot be described on the
basis of the present human mind (brain) structures, and this is because the level of
the present human intelligence is by definition below the level of superhuman
intelligence.

It is obvious that certain experimental brain manipulations can lead to a result
that is in principle not predictable. In other words, such manipulations would be
risky and, in particular, irresponsible. Moreover, there must be no connection be-
tween different mind, brain levels because different pictures of reality (world views)
can be incommensurable leading to a completely different assessment of the world
outside. Let us briefly discuss an example from the field of behavior research that
we have already used in Chapter 1.

Turkey and human being
Working on the basis of various levels is relevant when we analyze different species.
This in particular means that the members of different species have possibly different
pictures of the world outside before their eyes. We discussed in Chapter 1 that the
perception apparatus of a turkey must be quite different from that of a human being.
There is obviously no similarity between the pictures of reality of a turkey and that of
a human being in the same situation. This can be understood in terms of the princi-
ple of level analysis. There is the basic reality (Figure 2.1) and the turkey obtains cer-
tain information from it, but also the human being obtains another set of information
from the same basic reality. The resulting pictures of reality (that of the turkey and

Levels of reality

n+4

n+3

n+2

n+1

n
Basic reality

Figure 2.1: Basic reality is not accessible to human
beings. They can only perceive the species-specific
part of it in the form of a picture. That is, in principle
we cannot make any statement about basic reality
which is symbolized in the figure by the full circle.
But we can observe or describe aspects of it within
the framework of levels (levels of reality). These
levels are vertically arranged in accordance with the
degree of generality (principle of level analysis). The
levels up to n–1 and those above n + 4 are not
quoted; n is any number.
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that of the human being) are different from each other because the pulled informa-
tion contents are different from each other. In other words, turkey and human being
are positioned on different levels of reality, which are obviously incommensurable.
Clearly, for both levels the projection principle has to be applied.

2.2.4 Living systems described mathematically

There is no doubt that the production of superhuman intelligences is dangerous.
Such a step can probably not be done under controlled conditions. Principal ques-
tions come into play, which we have quoted earlier. But even when we work only
on one level, we get problems. A complete description of the present human mind
(brain) structure is obviously hardly possible. Here “Gödels theorem” has to be con-
sidered and applied. [18].

Gödel’s theorem
The controlled manipulation of biological systems is a relevant concern in nanome-
dicine. Here the following principal point has to be considered: to keep the situa-
tion under control we have to develop theories for the judge of specific world views
on which the biological system under investigation does its actions in its environ-
ment. In other words, we must know the world view of the biological system that
we would like to manipulate. What are the changes of this world view as a function
of specific structure changes in the realm of genes and brain functions? We will at
first only give Gödel’s standpoint. In Chapters 4 and 5, we will discuss this point
from the point of view of the projection principle.

The developed theory must be able to describe such situations. In accordance
with what we have said about levels of reality (Figure 2.1), this theory must be more
general than the world view of the biological system itself. The theory is then a
world view on a higher level. Is that possible at all? Yes, that is in principle possible
but probably not in connection with a biological system that tries to make state-
ments about itself. Here Gödel’s theorem comes into play.

If we try to formulate such a theory mathematically on the basis of theoretical
physics, a living system becomes a mathematical system, which obeys certain phys-
ical principles. To what extent such kind of mathematical systems can be consid-
ered as adequate, remains open in the first place.

Then the question “What is the world view of an individual and how is it de-
scribed?” is equivalent with the question “Can a mathematical system make state-
ments about itself?” The individual wants to make statements about himself. It is
an attempt of a self-related analysis.

In such cases, Gödel’s theorem is relevant. If one wants to make statements with
a mathematical system about itself, Kurt Gödel showed [18] that no mathematical
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system can be complete and consistent simultaneously. That means the following: a
consistent system will always contain statements for which one cannot decide
whether they are true or not. On the other hand, a system cannot be consistent, if it
contains the complete truth. In mathematics consistent systems are relevant.

Let us assume that we have a consistent mathematical system. If the system
would contain also wrong statements beside the true ones, the system would be in-
consistent. So, in accordance with Gödel’s theorem, there will be true statements,
which are not included within the system in the case of consistency. The system is
missing something, and this is because there are statements that cannot be proven
as true or wrong with system-specific axioms and rules. The reason why the system
is incomplete is not because certain information is not yet known, but because com-
pleteness is principally not achievable: We are confronted with the problems,
which appear, if one wants to make statements with a (mathematical) system about
the (mathematical) system itself.

In conclusion, the question “Can we develop theories for the judge of world
views and the description of their changes as a function of specific gene and/or
brain manipulations?” must be answered negatively or at least with care.

A biological system that tries to make statements about itself is immediately
confronted with Gödel’s theorem, provided this theorem is applicable at all, that is,
if the individual can actually be described mathematically sufficiently well on the
basis of theoretical physics.

Turkeys, human beings and aliens
The situations in connection with turkeys and human beings suggest the existence
of what we denoted earlier by “principle of level analysis”. Together with Gödel’s
theorem, we can estimate certain possibilities for living biological systems and their
position relative to others. If, for example, the world view of a human being is more
general than that of a turkey, that is, if the level of the human being would be
above the level of the turkey (see in particular Figure 2.1), the human being would
in principle be able to say something about the structures of the world view of a
turkey. On the other hand, a turkey would hardly be able to estimate the world
view of human beings, possibly not at all. All that has to be considered when nano-
technological changes of brain functions are planned. We have in particular taken
into account that there are mind–brain interrelations, which are necessary within
the frame of the projection principle.

In the case of aliens, the situation would be similar, provided Gödel’s theorem
is applicable here. A realistic assessment of their actions in certain situations can
hardly be made, even then when our world view appears to be superior. Aliens
could be very different from human beings and they could even not be furnished
with senses similar to ours. It is possible that the senses of a human being cannot
interact with aliens and their perception as object would not be possible. No doubt,
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the projection principle is not only more realistic than the container model, but it is
obviously more versatile.

2.3 Technological changes

There is a further essential point. We not only leave the level of the usual material
description but the developments on this level is essential as well. We observe that
the technological change grows more and more like an exponential curve leading
to the effect that the future rushes at you.

2.3.1 The trend to drastic technological changes

The more the exponential curve grows,

the larger is each subsequent bound upward. It takes a long time to double the original value,
but the same period again gets you four times farther up the curve, then eight times . . . so
that just ten doublings, you’ve risen a thousand times as far, then two thousand, and on it
goes. Note this: the time it takes to go from one to two, and then from two to four, is just the
same period needed to take that mighty leap from 1000 to 2000. A short time later we’re talk-
ing a millionfold increase to a single step, and the very next step after that is two millionfold.

History’s slowly rising trajectory of progress over tens of thousands of years, having taken
a swift turn upward in recent centuries and decades, quickly roars straight up some time after
2030 and before 2100. That’s a Spike. Change in technology and medicine moves off the scale
of standard measurements: it goes asymptotic.

So, the curve of technological change is getting closer and closer to the utterly vertical in
a shorter and shorter time. At the limit, which is reached quite quickly (disproving Zeno’s an-
cient paradox about the tortoise beating Achilles if it has a head start), the curve tends toward
infinity. It rips through the top of the graph and is never seen again.

At the Spike, we can confidently expect that some form of intelligence (human, silicon, or
a blend of the two) will emerge at a posthuman level. At that point, all the standard rules and
cultural projections go into the waste-paper basket. [17]

This accelerating world of drastic technological change must have consequences.
This behavior is the reason why this posthuman phase will be reached relatively
soon, and this will possibly have drastic effects. In his book The Spike, Damien
Broderick formulates that as follows:

We can expect extraordinary disruptions within the next half century. Many of these changes
will probably start to impact well before that. By the end of the twenty-first century, there
might well be no humans (as we recognize ourselves) left on the planet – but, paradoxi-
cally, nobody alive then will complain about that, any more than we now bewail the loss of
Neanderthals. [17]
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Such a situation in connection with an accelerating world of drastic technological
change is without any doubt dangerous and must inevitably lead to an uncontrolled
situation. Each step in relevant technological developments has therefore to be
done carefully in order to keep nanoscience (nanotechnology) under control. As we
have remarked earlier, the benefits through this new science (technology) can be
tremendous but we have to be careful.

2.3.2 Conclusion

These uncontrolled situations, which may appear in connection with the existence
of the principle of level analysis (Section 2.2), is superimposed by an accelerating
world of drastic technological change (section 2.3), which can lead to uncontrolled
situations as well. We have to be careful when we work at the nanolevel. Here the
theoretical and computational analysis is important and we must possibly revise
our conceptions if necessary. Such theoretical investigations have to be done “be-
fore” we develop new nanosystems.

2.4 Brain functions and computational neurogenetics

The impact of nanotechnology will be tremendous. The manipulation of atoms
and molecules on the ultimate level of nanoscience will allow to construct new
technological worlds and will bring fundamental new possibilities in the field of
medicine. Let us give an example. It has been reported in the August 25 (2006)
issue of Science [19] that scientists at the SUNY Downstate Medical Centre have
found a molecular mechanism that maintains memories in the brain, namely by
persistent strengthening of synaptic connections between the neurons. It could be
demonstrated that by inhibiting the molecule, long-term memories can be erased.
Erasing the memory of the brain does not mean that the capability to relearn
memory must be lost, that is, this erasing process does not prevent that. The sci-
entists could demonstrate these effects by an enzyme molecule with the name
“protein kinase M zeta.”

2.4.1 Nanomedicine

Such kind of processes are possibly relevant for certain future directions in medi-
cine (nanomedicine). In other words, the detailed knowledge about such kind of
processes could be of fundamental importance, for example, in connection with
Alzheimer’s disease. In general, we may carefully state that such investigations,
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such findings, could in future be helpful to treat chronic pain, posttraumatic stress
disorder, memory loss and so on.

However, we have to know and to apply reliable models on which such pro-
cesses are based. The basic conception is relevant here. In the description of such
phenomena we have to recourse to the basic laws of theoretical physics. However,
it cannot be excluded that the usual laws are not sufficient enough because the
basic laws of theoretical physics have not yet been confronted with such kind of
phenomena as, for example, the case we have just discussed: a molecular mecha-
nism that maintains memories in the brain.

Self-organizing processes are also possibly relevant and, therefore, what we
have discussed in Chapter 1 has to be taken into account. The quantum aspect of
time and the projection principle are in the center in the description of self-
organizing processes.

2.4.2 Computational neurogenetics

We may formulate the situation quite generally. It is one of the goals of computa-
tional and theoretical nanoscience to understand and to describe such molecular
mechanisms, which come up in future medicine, in particular, the prognosis is rele-
vant in order to keep nanoscience (nanotechnology) under control but, on the other
hand, to profit from nanoscience.

In this connection, it is relevant to note that the relatively new discipline
“computational neurogenetics” will be of considerable importance in the future.
Here the interaction between brain functions and genes are of specific interest:

With the recent advancement of genetic research and the successful sequencing of the human
and other genomes, more information is becoming available about the interaction between
brain functions and genes, about genes related to brain diseases (e.g., epilepsy, mental retar-
dation, etc.) and about gene-based treatment of them. It is well accepted now that brain func-
tions are better understood and treated if information from the molecular and neuronal level
is integrated . . . For this purpose, computational models that contain genetic and neuronal
information are needed for modelling and prognosis. [20]

Such a scientific program (modeling and prognosis) is necessary in order to elimi-
nate or to reduce the threats that appear in connection with the manipulation of
brain functions. Due to the interrelation of the brain with the mind, changes of
brain functions can extensively influence the individual behavior of living biologi-
cal systems, for example, human beings.

Thus, such processes have to be analyzed carefully, and the prediction and de-
velopment of artificial biological structures are relevant. However, also here we
have always to keep in mind that there are possibly principle limits for the complete
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description of brain functions. Gödel’s theorem is important here (Section 2.2.4)
and of course the principle of level analysis (Section 2.2.2).

In the following sections, we would like to discuss and analyze phenomena of
nanoscience where brain functions and mental states are not involved.

2.5 Theoretical and computational methods

2.5.1 General remarks

The systems used in nanoscience are small but are nevertheless complex. Analytical
models for certain classes of nanosystems could not be developed so far. Specific nu-
merical techniques are therefore in the foreground and are used for the understand-
ing and prognosis of such nanosystems. However, the simulation models have to be
prepared very carefully in order to be sure that all relevant features and mechanisms
of the nanosystem under investigation are considered.

In other words, the input is important in connection with numerical models.
Here it is essential to choose the adequate basic conception. Classical mechanics
and quantum theory are the basis for such investigations. The formulation of realis-
tic physical equations and also the system-specific boundary conditions are in the
focus.

In many cases a lot of simulation techniques and theoretical methods are
quoted for the treatment of nanosystems. But almost nothing is said about the
nanospecific aspect. Just at the nanolevel the usual theoretical (computational)
methods have to be developed further and it is of particular importance to recognize
the critical points of these usual methods when they are applied to nanoscience.

In most cases, these methods have been taken over from other disciplines; here
solid-state physics and surface science have been applied without considering the
nanospecific character of the system under investigation.

Can all theoretical and computational methods be used in this field without ap-
plying nanospecific modifications? There is no general rule to answer this question
and, therefore, each specific nanoproblem has its own characteristics and has to be
analyzed specifically. This has to be done carefully, even when the methods work
excellently in the bulk or in the case of microsystems.

2.5.2 The most important techniques

In this section, often applied and successfully used theoretical (computational)
methods for the treatment of nanosystems are quoted. All these methods are formu-
lated within the framework of traditional physics (classical mechanics, usual quan-
tum theory), that is, we work exclusively within the “container model.” The “time”
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is given in all these cases as external parameter and is represented in the form of
the clock time τ; a system-specific time t is not defined within these treatments and
also effects due to the projection principle are not existent. Nevertheless, these
common methods work well, but should be considered as recipes.

Some methods of traditional physics
In this part of the chapter we would like to quote some theoretical and computa-
tional methods that are important for the description of nanosystems and which
have to be proved of value. As already outlined, analytical models for the treatment
of the structure and dynamics of nanosystems could not be formulated and also
specific simple models have not been introduced with success in this field.

In solid-state physics, the crystalline solid in the harmonic approximation can
be considered as a general specific conception. However, the harmonic approxima-
tion has no basis in the theoretical and computational treatment of typical nanosys-
tems, and anharmonic effects can only be treated numerically. As we will underline
in Section 2.6, a typical nanosystem is rather liquid-like and is not comparable with
a solid in the harmonic approximation.

The adequate description of systems with strong anharmonicities requires the
application of numerical methods, that is, we have to recourse to simulation techni-
ques. Here the “molecular dynamics method” has been used very successfully and
is the foreground. In Chapter 3, this method will be described in detail and typical
examples for nanosystems are quoted. In this section, let us bring a brief overview
of the molecular dynamics method together with other relevant simulation techni-
ques. In particular, we would like to explain the following techniques that have
often been used in the computational treatment of nanosystems:
– molecular dynamics
– quantum molecular dynamics
– nonequilibrium molecular dynamics
– Monte Carlo method
– multiscale modeling

Other important methods used in nanoscience are finite element methods, Brownian
dynamics, Langevin dynamics and molecular mechanics, but we do want to quote the
details here.

In connection with “electronic properties” the following approaches are rele-
vant: density functional theory, time-dependent functional theory, Hartree–Fock
approximation, and the potential morphing method (as the most powerful method
for solving Schrödinger’s equation). All these methods will not be quoted in this
book.

Also within the frame of these methods the “container model” is exclusively ap-
plied. Although the electronic properties have to be expressed quantum theoretically,
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the time here is still a classical parameter, that is, we also have here only one type of
time and this is given by the usual clock time τ (Chapter 1).

Molecular dynamics
The molecular dynamics method is important in the computational treatment of
nanosystems. Chapter 3 deals exclusively with this method. But let us already quote
some essential features of this technique.

The relatively strong anharmonicities in nanosystems are not small perturbations
to the harmonic approximation. Even at low temperatures the anharmonics are not
negligible. Since the phonon model is not applicable here, we have to describe such
nanosystems on the basis of the most general formulation. In the case of classical
systems, Newton’s mechanics has to be applied in the form of Hamilton’s equations.

Here the classical equations of motion are solved by iteration by means of a
high-speed computer. As outcome we get for each time τ the coordinates and the
momentums for all N objects (atoms, molecules):

τ: xi, yi, zi, pxi, pyi, pzi, i= 1, 2, . . . ,N (2:1)

As an input we need the initial values at time τa

τa: xai , y
a
i
, za

i
, pa

xi
, pa

yi
, pa

zi
, i= 1, 2, . . . ,N (2:2)

The interaction potential between the atoms (molecules) is needed as well as input,
which obeys quantum mechanics; it is the traditional form of quantum theory in
this case. The temperature of the nanosystem is determined by the initial values for
the momentums [eq. (2.2)]. In Chapter 3, we will discuss the details of the molecular
dynamics method.

Equation (2.1) represents the total information of the system in classical form.
In particular, the anharmonicities are treated without approximation. No simple
models are used here.

Nonequilibrium molecular dynamics
In order to be able to calculate transport coefficients efficiently, nonequilibrium
molecular dynamics has been developed. Concerning this method, only a few re-
marks should be given here. The method has been developed in addition to usual
(equilibrium) molecular dynamics and is known since the early 1970s [21–23]. To
establish the nonequilibrium situation of interest, an external force is applied to the
system. Then, the response of the system to these forces is determined through the
simulation process. This method has been used for the calculation of diffusion coef-
ficients, shear and bulk viscosities and thermal conductivities.

The method of nonequilibrium molecular dynamics can be used for the study of
non-Hamiltonian systems, for example, dissipative systems, that is, systems that
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involve friction in one of its various forms. In such cases, particle trajectories are
also calculated from the equations of motion. They are however not consistent with
any Hamilton function.

Quantum molecular dynamics
The quantum molecular dynamics method directly combines the laws of traditional
quantum theory with the classical equations of motion. It has been developed by
Car and Parinello [24–26].

The characteristic items of the method are expressed through the following de-
scription: The laws of density functional formalism and the classical equations of
motion are solved simultaneously. Within quantum molecular dynamics the classi-
cal Lagrange equation of the atomic positions and velocities are extended by a ficti-
tious dynamics for the Kohn–Sham wave functions and their time derivations. Also
here the classical time τ of traditional physics is used. Calculations of this type are
relatively complex and, therefore, the quantum molecular dynamics method is re-
stricted to a few hundred particles.

The Monte Carlo method
In contrast to molecular dynamics, the Monte Carlo is a numerical approach in
which specific stochastic elements are used. Whereas the molecular dynamics
method enables the study of structural and dynamical properties of a many-particle
system, the Monte Carlo method only deals with structural (static) properties, and
these are configurational averages and thermodynamic quantities. The results pro-
duced by the two methods, molecular dynamics and Monte Carlo, should be in
agreement to an order of N�1 and, therefore, one can expect agreement of the two
methods within the statistical error.

The Monte Carlo method has been used in a diverse number of strategies. The fol-
lowing types have often been used: classical Monte Carlo, quantum Monte Carlo, path-
integral Monte Carlo, volumetric Monte Carlo, simulation Monte Carlo, inverse Monte
Carlo. Here we do not want to give details about this diverse number of ways.

Multiscale modeling
Statements about large scale behavior can be made with the help of so-called multi-
scale modeling. Nanoscale properties are reflected at large scales and are treated on
the basis of multiscale modeling. In this way we can understand how nanoscale
properties give rise to this large-scale behavior. Certain strategies have to be chosen
in order to be able to study the properties over a wide range of length and time
scales, where the time itself is exclusively defined by the external clock time τ. The
methods of multiscale modeling have been developed within the container model.
Atomistic and coarse-grained simulations have to be done for multiscale modeling.
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In materials science, multiscale modeling is used to predict certain material
properties at dimensions ranging from a fraction of a nanometer to meter. For ex-
ample, the mechanical properties can be explained in this way. Here we have to
distinguish between three length scales: atomic scale (nanometer), microscale
(micro-meter), and mesoscale (millimeter and above). Multiscale modeling connects
these scales. Such investigations are exclusively based on simulations with suffi-
ciently powerful computers.

In connection with multiscale modeling, let us mention an interesting example:
the biopolymer translocation through nanopores. This translocation process is a typi-
cal multiscale problem. On the one hand, for the understanding of the microscopic
details, that is, the structure and dynamics, the polymer-pore system is important
and necessary for the understanding. On the other hand, there are processes within
this system that take place on a large time scale, for example, the molecular filtering
and the protein transport through membranes. In other words, not only the micro-
scopic behavior is relevant but also processes on macroscopic timescales have to be
understood. The translocation time is a macroscopic timescale property.

Such investigations are usually done on the basis of a bottom-up approach,
starting with atomistic models, where molecular dynamics calculations are rele-
vant. This nanoscale information will be the basis for coarse-grain models.

2.5.3 Simplifying assumptions

Let us summarize the situation: How can we determine the properties of a many-
particle system on the basis of a given Hamiltonian, which includes the complete
interaction potentials (see in particular Chapter 3).

In the conventional treatment of this problem we need “simple models.” In gen-
eral, simple models can be found by “controlled” approximations from the general
case. However, in connection with many-particle systems the general mathematical
formulation of the problem is in all known cases very complex, and simplifying ap-
proximations have to be chosen.

But, as a rule, such approximations cannot be obtained by controlled simplify-
ing steps from the general formulation, which is, as we remarked, given in terms of
the Hamiltonian. It is therefore a fact that simple models are introduced just for
convenience. Only in the case of the crystalline solid in the harmonic approxima-
tion “simple models” are achievable.

The general description of system properties of classical many-particle systems
without the use of “simple models” and other simplifying assumptions can be done
by means of molecular dynamic calculations. The general situation is summarized
in Figure 2.2.
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2.5.4 Some critical remarks

In Section 2.4.2 we have quoted the most relevant theoretical and computational
methods for the analysis of atomistic (molecular) properties of nanosystems. Methods
for the treatment of electronic properties are not discussed in this monograph.

These methods are not nanospecific; they have been taken over from other disci-
plines. However, we have to be careful and must critically analyze the specific nanositu-
ations. In general, the usual theoretical and computational tools have to be developed
further at the nanolevel, and it is of particular importance to recognize the shortcomings
of these usual methods when they are applied to nanoscience. But what are the modifi-
cations with respect to nanoscience?

Theoretical preparation of nanosystems
What about the theoretical (computational) preparation under nanoscience condi-
tions? This is always dependent on the system under investigation; nanosystems de-
mand new steps and efforts in their theoretical preparation, at least in some cases.
Even the “basic conception” is relevant when we try to make statements about nano-
systems and nanoprocesses.

Hamiltonian

System properties

Molecular
dynamics Simple

models

Figure 2.2: The general physical formulation of a classical many-particle system is given in terms of
the Hamiltonian and the equations of motion. If a “simple model” is available, the properties of a
many-particle system can be determined on the basis of such a specific model; systems of
nanometer size are of course included here. In most cases, additional assumptions are necessary.
But even then, the description remains rudimentary and is not sufficient for the understanding of
nanosystems. The advantage of molecular dynamics is that the description can be done without
simple models and other additional assumptions. This is important since in most cases such
systems are complex and simplifying models cannot be formulated. This statement is valid for all
systems with strong anharmonicities and disordered structure. They have often been chosen
merely for convenience and could not always be deduced by controlled simplifying steps from the
general case. For nanosystems, a simple model could not be found until now. Therefore, the
molecular dynamic methods are of particular importance in the nanorealm.
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An essential weak point is that all these traditional methods work within the
frame of the container model and with only “one” time structure, which is external
in character and is defined by the clock time τ.

As we have outlined in Chapter 1, system-specific time structures with quantum
aspect are generally needed when we want to understand nanosystems properly,
for example, self-organizing processes, which are important in nanoscience.

In conclusion, the experimental preparation (production) of nanosystems on
the basis of a realistic basic conception is not only desirable but necessary in order
to avoid erroneous developments.

Temperature effects
One of the essential points in connection with nanomaterials is that their properties
can respond or switch according to external conditions. The temperature here is an
important parameter. This in particular means that the properties of those nanoma-
terials have to be described as a function of temperature.

Metallic systems are strongly dependent on temperature. However, in literature the
electronic properties are exclusively calculated in terms of density functional formalism
(DFT) and on time-dependent DFT, but these approaches only deliver zero-temperature
facts. The Mermin approach [27] allows to treat the properties of an electron system
more realistically, namely for nonzero temperatures. The Mermin-approach should
therefore be applied to nanosystems and not the zero-temperature DFT formalisms.

Atomistic (molecular) simulations technique need the precise knowledge of in-
teraction potentials as input, and this is in most cases difficult and their determina-
tion has to be performed carefully. This is in fact necessary because nanoproperties
are very sensitive to small variations in the interaction potential. However, in many
cases the determination of interaction potentials has been done in an uncontrolled
manner. In particular, the temperature dependence of potentials in most cases is
not considered.

The modeling of potentials has often been done on the basis of relatively drastic
and unmanageable simplifications. This loss of precision is often compensated by
further inaccuracies in connection with other fit parameters of the system under in-
vestigation. In other words, within the frame of such a treatment a certain inaccu-
racy is compensated by another.

The future challenges in connection with complex nanosystems should not be
based on such kind of treatment and, furthermore, the theoretical (computational)
methods should not simply be adopted from other disciplines and other systems
without checking their applicability for nanoscience. In other words, controlled
steps are necessary in the preparation of nanosystems and their interaction laws.
The theoretical and computational preparations of nanosystems require care, not
only in connection with atomistic simulations but also with respect to electronic
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properties and their dependence on temperature. We have to be careful with zero-
temperature approaches (DFT and time-dependent DFT).

In conclusion, the reliable theoretical analysis of nanosystems inevitably means
that the theoretical (computational) methods used in their description have to be pre-
cisely under control, that is, with regard to approximations and simplifications. The
temperature effects and the fact that nanoproperties are very sensitive to small varia-
tion in the interaction potential require that.

2.6 The atomistic standard model

Theoretical materials research at the nanolevel needs statistical mechanics and in
particular the theory of liquids. Why? Nanosystems behave strongly anharmonically
and their structure is in most cases considerably disturbed even far below the melting
temperature of the corresponding bulk state. Therefore, in nanoscience (nanotechnol-
ogy) one not only needs solid-state physics but the basics of statistical mechanics
and the theory of liquids as well. It is very often more appropriate to apply the phys-
ics of liquids as the basis for the theoretical description of nanosystems.

2.6.1 Solids and liquids

The standard model of solid-state physics is characterized by an ordered structure
and the harmonic approximation for the dynamics, which we want to summarize
by the symbol ωpðqÞ for phonon frequencies. This standard model of solid-state
physics is not suitable for nanosystems, but the characteristics of liquids are obvi-
ously more appropriate.

These liquid characteristics are defined in terms of correlation functions and in-
teraction potentials, which are usually given in terms of g(r) and υðrÞ, where g(r) is
the well-known pair correlation function and υðrÞ is the pair potential. Within this
statistical mechanical description time correlations are of course included, for ex-
ample, the velocity autocorrelation function whose Fourier transform has to be con-
sidered as the generalized phonon density of states.

2.6.2 Complex dynamical behavior

Due to the strong anharmonicities, the dynamics of such systems include a broad
range of different dynamical states. Here, small local vibrations and complex diffu-
sion processes are typical. This relatively complex situation indicates that the devel-
opment of a suitable analytical standard model for the theoretical description of
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nanosystems will hardly be possible; even in the case of liquids in the bulk, a stan-
dard model could not be found up to now.

Therefore, for the treatment of nanosystems, which behave essentially anhar-
monically, the most important tool is the molecular dynamics method since the an-
harmonics are treated within this method without approximation. In fact, the
typical anharmonicities in connection with nanosystems cannot be considered as
small perturbations to the harmonic approximation. No other microscopic method
in condensed matter physics allows to treat anharmonicities in such a general way.
This is only possible in connection with phenomenological models that are however
often too rudimentary and detailed statements about the structure and dynamics
are hardly possible.

Thus, the molecular dynamics method should be considered as the “standard
method” for the theoretical (computational) description of nanosystems. On the basis
of these considerations, we come to the following rough classification scheme:

ωp qð Þ
ðstandardmodel of solidsÞ

#
gðrÞ, υðrÞ

ðstatisticalmechnicsÞ
#

molecular dynamics

ðstandardmodel for nanosystemsÞ

(2:3)

In nanoscience, we often work on the basis of a few hundred atoms. In general,
with decreasing particle number disorder effects and anharmonicities increase.
This has an influence on the theoretical treatment of such systems. Here molecular
dynamics is the standard model.

2.7 The relevance of basic quantum theory for nanotechnology

2.7.1 General remarks

Quantum effects plays an essential role in nanoscience (nanotechnology). It is not
the goal to work under conditions where quantum effects are suppressed and we
should not explicitly construct situations where quantum effects are eliminated. In
other words, we should profit from the quantum realm in the construction of new
nanosystems: electronic nanodevices, the developments in nanomedicine, nanoro-
botics, drug design, quantum electromechanical systems, quantum computers, and
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so on. “In the last decade device fabrication and experimental control have pro-
gressed to such an extent that one can now see how quantum mechanics will be
used to build a new technology” [28].

All these devices and systems operate on certain quantum principles. Milburn
[28] gave a list of such principles reflecting the key elements of quantum mechanics
relevant for technological tasks: uncertainty principle, superposition, quantization
(quantum size effect), tunneling, entanglement and decoherence. In this connec-
tion the following remark by Milburn is instructive:

A number of imperatives will drive the development of quantum technology. To begin,
there is the quest for smaller and faster devices taking us to the nanoscale. At this scale
quantum principles become manifest at low temperatures. Nanotechnology must take heed
of quantum principles at some level. Any technology requires transducers and high preci-
sion measurement. Quantum theory has some very important things to say about measure-
ment and its limits. Quantum technology will necessarily lead to new instruments. It is
already clear that a number of communication challenges involving bandwidth and energy
can be faced within a quantum context, with teleportation being the most surprising proto-
col. Finally, there is the promise of quantum computing. In each case the quest to harness
quantum mechanics for technological ends will bring new science along with new experi-
mental opportunities [28].

This statement refers to the traditional form of quantum theory. However, we have
discussed in Chapter 1 that traditional quantum theory, which is based on the “con-
tainer model,” has essential shortcomings when we want to describe nanosystems.

The container model, which is used within traditional quantum theory without
exception, is obviously a barrier for further developments in this field of quantum
phenomena and other features in the world. The quantum aspect of time is here a
typical example.

Again, within the nanorealm self-organizing processes are important and, as
we already remarked several times, such kind of processes belong to the heart of
nanoscience (nanotechnology). For an adequate description of self-organizing pro-
cesses, a quantum aspect of time is necessary, but leading physicists were not able
to introduce a quantum aspect for the time. The reason for this lack should have its
origin in the container model as working hypothesis.

The projection principle allows to describe the time as quantum phenomenon.
The transition from the container model to the projection principle does not only
mean that there will be specific improvements, but this principle will unlock the
view to a more sophisticated world with more realistic features. These new features
reflect observable facts which could not be explained so far. Just the connection be-
tween matter and mind, mind and brain and other things as evolution can be taken
into account and opens the view for a better classification of living biological sys-
tems themselves.

The basic laws of theoretical physics are without doubt of particular relevance
for the development of nanotechnological devices and for the understanding of
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living biological systems. In Section 2.1 we have stated the following: working at
the ultimate level also means that any change in the basic physical laws will di-
rectly influence processes in the nanorealm, that is, without any intermediate step.

This can lead to completely new perspectives in connection with applications.
Therefore, to work on nanoscience also means to develop the basic laws of theoreti-
cal physics further. This could be important just in connection with quantum
theory.

The wave–particle duality is a critical point in traditional quantum theory. New
experimental results indicate that we must possibly rethink in this connection. We
will discuss this point in more detail in the next section.

2.7.2 Traditional quantum theory: further remarks

The real existence of quantum phenomena destroyed the mechanistic world view.
Quantum reality is rationally comprehensible but cannot be visualized like
Newton’s classical reality. The laws of traditional quantum theory were not easy to
recognize.

The most important of them were discovered in the first decades of the last cen-
tury. An international group of physicists were involved. As is well known, the es-
sential peculiarities of the theoretical formalism have been constructed by
Heisenberg and Schrödinger in 1925 and 1926. On this basis of these quantum laws,
an enormous number of effects in atomic physics, chemistry, solid-state physics
and so on could be predicted and successfully described. However, approximately
100 years after its formulation the interpretation of these quantum laws is

by far the most controversial problem in current research in the foundations of physics and
divides the community of physicists and philosophers into numerous opposing schools of
thought [29].

There is an immense diversity of opinion and a huge variety of interpretations. It is
typical that the interpretations lead to completely different conceptions of the
world. For example, the Copenhagen interpretation of quantum theory (proposed
by Bohr in 1927) is quite different from the many-worlds theory (proposed by
Everett III in 1957).

The Copenhagen interpretation of traditional quantum theory is presently
considered as the most important interpretation frame. It is the most relevant in-
terpretation and most scientists respect it as the standard interpretation of tradi-
tional quantum theory. It stands and falls somehow with this interpretation.
However, one of the essential points of the Copenhagen interpretation, the princi-
ple of complementarity, is obviously not a general feature. New basic experiments
indicate that.
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2.7.3 Basic new experiments

Again, the Copenhagen interpretation is presently considered as the standard inter-
pretation of usual quantum theory. Nevertheless, it is not really recognized as the
final step in the understanding of quantum phenomena. The conception, on which
the Copenhagen interpretation is based, seems to be artificial and not convincing.
This is in fact the opinion of many scientists and is obviously due to the fact that
we do not know the origin of the quantum laws; Schrödinger’s equation has been
assumed and could not be deduced. The situation is unsatisfactory and can be sum-
marized as follows:

The Copenhagen Interpretation held away for more than 50 years, from 1930 until well into
the 1980s, almost unopposed by the vast majority of physicists. They did not care about
the deep philosophical puzzles associated with the Copenhagen Interpretation – indeed,
many still do not care – provided that it could be used as a practical tool for predicting the
outcome of experiments. But in recent years there has been growing unease about what
quantum theory “means”, and increasing efforts have been made to find alternative inter-
pretations. [30]

However, it will hardly be possible to formulate a new interpretation without con-
tradictions on the basis of the traditional analytical form of quantum theory, and
this is because there are some problems which have not been solved up to now [14].
The unsatisfactory role that time plays within the present form of traditional quan-
tum theory is one of many critical points, but also the particle concept seems to re-
flect an unclear situation. In the usual form, quantum theory particles are assumed
to be local existents. This is an assumption without knowing where it comes from.
Another serious problem is the “superposition principle” and requires the collapse
of the wave function, and there is no mechanism for that.

All these points indicate that the formalism of traditional quantum theory can-
not be considered as a final solution. Therefore, it will probably not enough to rein-
terpret the Copenhagen interpretation or one of any other proposals made in this
field. On the other hand, a changed or extended quantum formalism could lead to
completely new perspectives in connection with applications, in particular, within
nanoscience.

2.7.4 Simultaneous detection of particle and wave aspects

It is, therefore, of fundamental importance that there are new experimental results
which clearly indicate that the “principle of complementarity” cannot be consid-
ered as a general fact. These experiments show that the wave–particle duality is ob-
viously not a general feature, that is, Bohr’s viewpoint becomes questionable, at
least in the original form. If that is really the case, the situation is changed
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fundamentally. But this is not surprising because it is, together with the lack of a
quantum aspect of time, only a further point that points on the limitations of tradi-
tional quantum theory.

At the beginning of modern quantum theory, the question was “Is matter (or light)
a wave or a particle phenomenon?” In answering this question, Bohr argued as fol-
lows: Only one of the two incompatible possibilities is realized, depending on the type
of experiment performed on them, and we came to the notion of complementarity.

The situation is clear: either we perform an experiment typical for waves or we
choose an experimental arrangement that exclusively marks the particle aspect.
This ingenious idea of Niels Bohr made it possible to overcome a serious problem.
Only in this way, wave and particle aspects are not incompatible. In other words,
not only wave and particle concepts are mutually exclusive but also the corre-
sponding experimental arrangements. However, the new experiments showed that
just this point is obviously not the case as demonstrated in the case of light.

The simultaneous detection of particle and wave aspects is possible, despite
Bohr’s principle of complementarity. There exist optical experimental setups which
have been used to prove that experimentally. The experiments have been proposed
by Ghose, Home and Agarwal [31] and also by Ghose [32]. In this context, the first
experiment has been done by Mizobuchi and Ohtake [33], which was based on the
proposal given in Ref. [34]. Although this experiment is without any doubt impor-
tant, there were experimental limitations. These limitations are mainly due to low
statistics, as outlined by Unnikrishnan and Murphy [35].

In order to overcome the uncertainties in connection with the Mizobuchi-
Ohtake experiment, Brida, Genovese, Gramegna and Predazzi performed with suc-
cess a new birefringent experiment (see [36]), and this experiment led to a clear
conclusion. A “simultaneous” detection of particle and wave aspects is after all
possible.

This is a completely new step in connection with the wave–particle duality. The
result is in contrast to Bohr’s interpretation in which the principle of complementar-
ity is required, and this principle does not allow the simultaneous detection of par-
ticle and wave aspects.

2.7.5 Conclusions

Once again, both experimental groups [33, 36] came to the same conclusion: light is
able to reveal particle and wave aspects simultaneously, and this is in contrast to
the principle of complementarity which is one of the very basics of traditional quan-
tum theory (Copenhagen interpretation). We have therefore to conclude that the
principle of complementarity can obviously not be considered as a general law, and
this must inevitably have consequences for the whole picture we presently have of
traditional quantum theory.

2.7 The relevance of basic quantum theory for nanotechnology 73

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



As we remarked, there are of course other attempts to interpret traditional quan-
tum theory, for example, the so-called many-worlds theory. But the Copenhagen in-
terpretation is, as we already remarked, presently seen as the standard interpretation
of traditional quantum theory.

Bohr’s law “a phenomenon is always an observed phenomenon” is just based on
the principle of complementarity. This principle has been formulated in connection
with the problem scientists had in connection with the wave–particle phenomenon.
The principle of complementarity is definitely needed within traditional quantum the-
ory in order to avoid logical contradictions.

The principle of complementarity teaches that only “one” of the two incompatible
possibilities (wave and particle) can be realized at a certain time. Here the experimen-
tal arrangement comes into play. The following is required: the experimental arrange-
ments, which determine those properties, must be similarly mutually exclusive.

Such a concept allows in fact a description of quantum entities (particle and
wave) without logical contradiction in ways which are mutually exclusive. However,
the new experiments [33, 36] show just the opposite: wave and particle aspects can
be observed simultaneously with only “one” experimental setup, that is, the principle
of complementarity obviously breaks down and the entire Copenhagen interpretation
becomes questionable.

On the other hand, if Bohr’s law “a phenomenon is always an observed phe-
nomenon” should no longer be valid, the properties of a system should also be de-
fined between observations and not only in connection with observations. For
example, this point would be of interest in connection with the famous double-slit
experiment.

Our statements concerning the term “objectivity” must possibly be revised:
Within traditional quantum theory, it is meaningless to talk about a phenomenon
without observation. Here, the human being’s intention is a relevant factor. Since
the choice of the experimental arrangement is purely a matter of human intention,
we may not consider the properties of quantum systems as objectively real, and this
is because the human intention influences the structure of physical reality. This
statement is of course based on the Copenhagen interpretation and becomes ques-
tionable without the principle of complementarity.

To what extent we have to revise the whole traditional quantum mechanical ap-
paratus has to be investigated carefully. However, through our discussion in
Chapter 1, we came to the conclusion that minor changes are not sufficient. The en-
tire basic conception has to be replaced. That is, the container model has to be re-
placed by the projection principle. This is not only of principle interest but is in
particular important for the future developments in nanoscience (nanotechnology).
As we have outlined in Section 2.1, the developments in nanoscience are directly
influenced by the basic laws of theoretical physics.
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2.8 Summary

1. We came to the conclusion that technology has reached the level of science:
nanoscience and nanotechnology are basically undistinguishable.

2. Why theoretical and computational nanoscience? Clearly, in order to predict
and to describe new nanosystems and to give nanotechnology a direction, but
also to keep nanoscience under control, just in connection with the self-
assembly of artificial biological systems, where the final structure is in general
not known.

3. Nanobiology and nanomedicine will influence our future considerably. Also in
the prediction and description of such systems, theoretical and computational
nanoscience will play an important role. What mathematical tools do we need
here? Are there principal limitations in connection with the understanding of
biological systems? The last question directly arises when we consider the
human brain as a mathematical object. Is a complete description of the human
brain possible on the basis of the laws of theoretical physics? We came to the
conclusion that this is probably not possible.

4. Due to the strong anharmonicities, the dynamics of atomic systems is character-
ized by a broad range of different dynamical states including small local vibra-
tions and complex diffusion processes. This situation indicates that the
development of a suitable “analytical standard model” for the theoretical de-
scription of nanosystems will hardly be possible; even in the case of liquids in
the bulk, a standard model could not be found up to now.

5. Therefore, the most important tool for the investigation of nanosystems is the
molecular dynamics method since anharmonicities are treated within this
method without approximation, and this is important because the typical an-
harmonicities in connection with nanosystems cannot be considered as small
perturbations to the harmonic approximation.

6. No other microscopic method in condensed matter physics allows to treat an-
harmonicities without approximation. This is only possible in connection with
phenomenological models. Thus, the molecular dynamics method should be
considered as the standard method for the computational description of
nanosystems.

7. Atomistic simulations (particularly in connection with molecular dynamics)
need the precise knowledge of interaction potentials as input, and this is in
most cases not simple. But we know that nanoproperties are very sensitive to
small variations in the interaction potential. However, in many cases the deter-
mination of potentials has been done in an uncontrolled manner. The modeling
of potentials has often been done on the basis of relatively drastic simplifica-
tions. This loss of precision is often compensated by further inaccuracies in
connection with other parameters of the system.
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8. It is the goal of nanoscience to profit from quantum effects for the construction
of new systems: electronic nanodevices, developments in nanomedicine, nano-
robotics, drug design, quantum electromechanical systems, quantum com-
puters and so on.

9. In this connection, the basic laws of quantum theory are of particular rele-
vance. Thus, to work on quantum nanoscience also means to develop these
basic laws further. New experimental results with respect to the particle–wave
duality indicate that there is possibly a need for that.
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Chapter 3
Classical treatment of nanosystems

The quantitative treatment of physical problems started with Newton’s classical me-
chanics more than 300 years ago. Newton based his theory on what he had directly
before his eyes. This was the reality before him. Within this view, reality is a “con-
tainer” in which the material bodies are embedded. The container itself is what we
experience as space. The traditional form of quantum theory also works within this
container model. Some features of the container model have been discussed in the
sections before. Let us give more details in this chapter.

3.1 Container model versus projection principle

The classical description, in the sense of Newton, is not only successful with respect
to the motion of planets around the Sun and other macroscopic phenomena, but
also the structure and dynamics of atomic (molecular) systems, in particular nano-
systems, are described well within this kind of classical frame, if the temperature of
the system under investigation is sufficiently large.

We know that this container model of traditional physics does not fulfill rele-
vant items of nature and the so-called projection principle is obviously more realis-
tic and more sophisticated (see in particular Chapter 1). Nevertheless, the classical
description of nanosystems within the container model is often used and is still
subject of intensive discussion. In other words, such type of investigations should
not be ignored, especially they often lead to useful results. The details of the con-
tainer model are obviously not externalized in the case of such investigations, that
is, in classical mechanics.

In nanoscience, the classical treatment of many-particle systems is a relevant
task; here, the most important method is the molecular dynamics method (Chapter 2).
In this chapter, some details of molecular dynamics will be introduced and some typi-
cal applications are given.

Before we discuss nanosystems within classical physics on the basis of the con-
tainer model, let us briefly underline the main differences between the container
model and the projection principle.

The main conceptions used in this monograph are the “container model” and
the “projection principle.” In this section, we only want to characterize the main
differences between these two basic conceptions. A more detailed discussion is
given in in Refs. [4, 5] and specific completions are given in Chapters 4–6. The con-
tainer model is applied within the traditional views of physics (classical mechanics,
usual quantum theory).

https://doi.org/10.1515/9783110525595-003
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3.1.1 Container model

The situations with respect to the container model and the projection principle are
summarized in Figure 3.1 and Figure 3.2. Within the container model, physically
real entities are embedded in space and any object at time τ is characterized by a
position vector r= ðx, y, zÞ with the coordinates x, y, z. In Figure 3.1, two r vectors,
ri = ðxi, yi, ziÞ and rj = ðxj, yj, zjÞ, are represented for the objects i and j. They are simul-
taneously existent at time τ, where τ is again the clock time.

Within this model, the lighthouse, shown in Figure 3.1, is physically real, that is,
within this view, the lighthouse is material in character. In fact, we experience it in
this way, but it is a rather naive point of view. Within this view, it is assumed that
we have at each clock time τ certain “material structures” in space that appear di-
rectly before our eyes.

3.1.2 Projection principle

Within the frame of the projection principle, there is the so-called basic reality,
which is principally not accessible to human beings and, as we argued in [4, 5], this
feature is explained by the phenomenon of evolution. This basic reality is projected
onto the space–time and appears at clock time τ as picture in the form of a geomet-
rical structure. Again, within the frame of the container model the space is filled
with material entities, in projection theory not.

The space–time itself contains a new type of time. It is the system-specific time t
(see Chapter 1), which is an internal entity and belongs to the system under

•

•

Container

ri

Space

Reality
material structure

rj

τ

Figure 3.1: Within the container model, physically real entities are embedded in space, Here, two
r vectors, ri = ðxi , yi , ziÞ and rj = ðxj , yj , zjÞ, for the objects i and j are indicated and are existent at time τ.
Within this model, the lighthouse, shown in the figure, is physically real, that is, it is material within
this view. We have at each clock time τ, certain “material structures” in space appear directly before
our eyes. The notation “clock time” underlines that it is the time measured with usual clocks of
everyday life.
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investigation and is therefore system specific. This type of time t has nothing to
do with the time τ: τ is external in character and is a reference time shown by
our clocks, which we use in everyday life and, therefore, we used for τ the nota-
tion “clock time.”

In traditional physics, where the container model is applied, the system-specific
time t is not known and defined, respectively. Here, the phenomenon “time” only ap-
pears in the form of the clock time τ. No doubt, this is a restricted view and has often
been criticized, in particular by Ilya Prigogine.

In Figure 3.2, two space–time positions, denoted by ri, ti = ðxi, yi, ziÞ, ti and
rj, tj = ðxj, yj, zjÞ, tj for the objects i and j, are indicated that are simultaneously exis-
tent at time τ. However, there are no physically real (material) entities positioned in
the space–time of projection theory, but exclusively geometrical positions. This
space–time is denoted by ðr, tÞ space.

In contrast to the container model (Figure 3.1), the lighthouse must be assessed in
connection with Figure 3.2 as strict geometrical structure. Again, the lighthouse is
assessed as material object within the container model.

×

Picture
geometrical structure

ri, ti

rj, tj

τ

Space-time

Projection

Basic reality

Figure 3.2: Details of the projection principle. Here, we have the so-called basic reality, which
reflects the absolute truth but is principally not accessible to human beings; this feature is
explained by the phenomenon of evolution. The facts of basic reality are projected onto the
space–time and appear at clock time τ as picture in the form of a geometrical structure. Again,
within the frame of the container model the space is filled with material entities. In this figure, two
space–time positions, denoted by ri , ti = ðxi , yi , ziÞ, ti and rj , tj = ðxj , yj , zjÞ, tj for the objects i and j,
are indicated that are simultaneously existent at time τ. However, there are no physically real
(material) entities positioned in the space–time of projection theory, but exclusively geometrical
positions. In contrast to the container model (Figure 3.1), the lighthouse must be assessed in
connection with this figure as strict geometrical structure.
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In conclusion, there are two world views: Within the container model, we have
physically real (material) objects directly before our eyes. Within the frame of the
projection principle, we have geometrical entities before us. As can be argued con-
vincingly [4, 5], both views do not violate the direct observations.

3.1.3 Fictitious realities

Within the frame of the projection principle, the actual physically real (material)
world is embedded in basic reality, which cannot be accessed directly by human
beings (Chapter 1). Instead, we have to work with fictitious realities, and this kind
of reality describes the material part of basic reality.

Fictitious realities are characterized through the momentum p and the energy
E, that is, they are embedded in ðp,EÞ space. The contents of ðp,EÞ space is pro-
jected onto ðr, tÞ space; p and E themselves do not appear in space and time, but
form a separate space [ðp, EÞ space] in analogy to basic reality, which is separate
from space and time as well [4].

The situation is summarized in Figure 3.3(b) for two objects, indicated by i and
j, having the elements ri, ti and rj, tj in connection with ðr, tÞ space. The correspond-
ing elements in ðp,EÞ space are indicated by pi,Ei and pj,Ej, also for the two objects
i and j.

That is, within the frame of the projection principle, the quantities p and E are
not embedded in space and time [ðr, tÞ space], but are located in ðp,EÞ space. The
contents of ðp,EÞ space is projected onto ðr, tÞ space and p and E themselves do not
appear in the space–time. Within projection theory, the quantities p and E are not
physically real, but they “describe” physical reality (basic reality) [4, 5]. That is an
important point.

The fact that p and E are used in strict analogy in Newton’s theory, we have to
conclude that the picture of reality, located in ðr, tÞ space, exclusively reflects mate-
rial states, that is, there are no states of the mind within ðr, tÞ space which, on the
other hand, exists within projection theory [4, 5]. Mind states are discussed in
Chapters 4 and 5. Although p and E are not located in ðr, tÞ space, the space–time
positions r, t are strictly correlated to the entities p and E [Figure 3.3(b)].

The situation in connection with the traditional container model are summa-
rized in Figure 3.3(a): Here, the material bodies are positioned in space (without the
variable t, which is not defined here). Each of the two bodies, having the position
ri, ti and rj, tj at time τ, has a certain momentum p and a certain energy E at the
same time τ: pi, Ei and pj,Ej. In contrast to the projection principle [Figure 3.3 (b)],
the quantities ri, ti and rj, tj with pi,Ei and pj,Ej have to be considered as physically
real. In particular, pi, Ei and pj,Ej are embedded in space, which is in contrast to
the projection principle [Figure 3.3(b)].
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3.1.4 The pragmatic view

The container model has been confronted with the projection principle (Sections 3.1.1
and 3.1.2). We have to distinguish between physically real (material) considerations
(container model) and the geometrical representation of the world outside; it is the
basic reality within the frame of the projection principle. No doubt, the projection
principle is more sophisticated than the container model. In particular, the phenome-
non, “time” is treated in projection theory more realistically than within the container
model. Both views work with the clock time τ, but in the case of the projection princi-
ple the system-specific time t appears, which is of fundamental importance for natu-
ral science, as we have outlined in Chapter 1.

Within the container model, we have, at clock time τ, the three variables r,p
and E, that is, in this case, we have at each time τ for each object a position, a mo-
mentum and an energy:

τ : r,p,E containermodelð Þ (3:1)

Reality

Picture

Container

ri ri,ti
rj,tjrj

pi, Ei

pj, Ej

(a) (b)

(p,E )-space

(r,t)-space

Projection principle

Projection

•
•

τ

pi, Ei• pj, Ej
•

×τ

τ

Figure 3.3: (a) Here is the situation in connection with the traditional container model summarized. The
material bodies are positioned in space (without the variable t, which is not defined here). Each of the
two bodies, having the positions ri and rj at time τ, has a certain momentum p and a certain energy E at
the same time τ: pi , Ei and pj , Ej. The quantities ri and rj with pi , Ei and pj , Ej have to be considered as
physically real. In particular, pi , Ei and pj , Ej are embedded in space. (b) Within the frame of the
projection principle, the actual physically real (material) world is embedded in basic reality, which
cannot be accessed directly by human beings. Instead, we have to work with fictitious realities, and this
kind of reality describes the material part of basic reality. Fictitious realities are characterized through
the momentum p and the energy E, that is, they are embedded in ðp, EÞ space. The contents of ðp, EÞ
space are projected onto ðr, tÞ space, and p and E themselves do not appear in the space–time, but
form a separate space [ðp, EÞ space] in analogy to basic reality, which is separate from the space–time
as well. In the figure two objects, again indicated by i and j, have the positions ri , ti and rj , tj in ðr, tÞ
space. The corresponding momentums and energies are indicated by pi , Ei and pj , Ej in ðp, EÞ space.
Within the frame of the projection principle, the quantities pi , Ei and pj , Ej are not embedded in the
space–time, but the contents (in this case, pi , Ei and pj , Ej) of ðp, EÞ space are projected onto ðr, tÞ
space and pi , Ei and pj , Ej themselves do not appear in the space–time. Within projection theory, the
momentums and energies are not physically real, but they describe physical reality (basic reality).
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In the case of projection theory, we have, in addition, the system-specific time t and
we get,

τ : r, t,p,E projection principleð Þ (3:2)

Although the system-specific time t does not exist within the container model, we
also have here time-dependent processes, but only in a restricted form on the basis
of the clock time τ. Certain aspects in nanoscience seem to be described well on the
basis of τ alone.

The container model is not used because of its ingeniousness, but it simply
works well in certain cases without explicitly knowing why. In fact, it has been ap-
plied intensively for the analysis of various nanosystems, and it will certainly be
used in the future. The container model belongs therefore to the tools of modern
nanoscience, even when the future will rather be concentrated on the projection
principle.

This is the pragmatic standpoint, but this perspective can be justified because
the container model works properly in specific case, just when we deal with classi-
cal many-particle systems. But it is merely a pragmatic perspective. There are rele-
vant weaknesses within the container view, which become obvious through the
projection principle. The molecular dynamics method, which we will discuss in de-
tail in this section, works well within the container model although it has to be con-
sidered as a rough recipe from the epistemological point of view,

Since basic reality, the absolute truth, cannot be accessed directly by human
beings, we always have to work with specific recipes, even in the case of the projec-
tion principle. This in particular means that we indeed permanently improve our
physical views, but we cannot reach the absolute, final truth. This is an important
and very principal statement.

In this monograph, we would like to confront the present with the future, the
container model with the projection principle. There is an expansion of physics
through the projection principle that is initiated by the features of nanosystems.
Nanodevices belong to this field but also the possibility to influence brain func-
tions. At the nanolevel, the properties of matter (condensed matter) emerge; it is
therefore the ultimate level (Chapter 1).

Remark
The container model is essentially different from the view described within the
frame of the projection principle. Although the projection principle is superior
against the container principle, the container model works astonishingly well in
many cases. What is the reason for that? The interactions used within the container
model are strictly adapted to the features of this model. The inadequateness of
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both, the models for the interactions and the container model, obviously compen-
sate each other. This leads to a useful conception.

3.1.5 Molecular dynamics

In this chapter, we would like to discuss relevant possibilities for the application of
the container model for classical considerations where quantum effects are negligi-
ble. In this case, eq. (3.1) is responsible, that is, the system-specific time t does not
appear within such considerations. Here, N atoms (molecules) are embedded in
space and are considered as physically real entities. The N objects interact with
each other. For such type of system, Newton’s equations of motion are solved by
iteration and we get the structure and dynamics for the various nanostates. This
method is called “molecular dynamics” (see also Chapter 2). In the following sec-
tions, we will bring details and specific applications.

3.2 Atomic nanodesign

The fundamental description of systems in the field of condensed matter, that is, in
solid state physics, materials science and nanotechnology, is based on many-
particle systems where the particles (objects) are made of atoms or molecules. The
objects interact with each other, and this is an essential point because small varia-
tions of the interaction potentials influence the properties strongly. The properties
of such systems are expressed through the structure and dynamics of the atoms
(molecules). Due to the interaction between the objects, the many-particle systems
in condensed matter form a unified whole, and the properties of such systems can-
not be considered as a superposition of individual atom/molecule properties alone,
but there are strong interrelations between them.

3.2.1 What is the relevant input?

In the case of nanosystems, we have the following situation: The number of objects
is relevant, that reflects the characteristics of such systems, and this parameter is
essential to know and has to be estimated realistically. How many atoms/molecules
have to be used in the description? What number of objects is characteristic in the
description of specific properties of nanosystems? But the nanofeatures are also re-
flected by the interaction between the objects. In conclusion, the interaction poten-
tials as well as the number of atoms/molecules of a nanosystem are the essential
and critical input information.
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Macroscopic systems consist of a large number of atoms, and we know that ap-
proximately 1023 of these objects form the systems in solid-state physics and materi-
als science. However, the characteristic features and properties are already reflected
through a number of particles distinctly smaller than 1023, and the essential charac-
teristics are already reflected within relatively small parts. The particle number that
is adequate for the description of a certain material must be investigated carefully.

This is however not necessary when we work within the realm of nanoscience
(nanotechnology). Here, no selection of specific parts is possible, but we have to
consider the entire system, and this is because the entire system characterizes the
properties and not only a part of it. In the nanocase, the real systems normally con-
sist of a few hundred (thousand) atoms or molecules, depending on the complexity
of the phenomena, which appear in connection with the system under investiga-
tion. Then, the number N of objects determines the characteristics of the system
and should be chosen correctly in calculations.

The mechanistic world view
The many-particle systems can be treated by classical mechanics if the temperature
of the system under investigation is large enough. Here we work within the frame
of the “container model” (see Section 3.1 and Figure 3.4) and the “mechanistic
world view” is the background for everything. In other words, not only the con-
tainer model characterizes this kind of reality but the mechanistic world view as
well. Concerning the mechanistic worldview, let us quote the main items here.

The mechanistic view of nature is based on Newton’s mechanical model of the uni-
verse. In connection with Newton’s theory, two features play an essential role and
must be underlined:

Feature 1:
The entities of the world are embedded at each time τ in an absolute space, that
is, they move in an absolute space and absolute time. These entities are considered

•
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τ
Space with N

material objects

Reality
material structure

Molecular dynamics
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• Figure 3.4: The molecular dynamics method is an important
tool in nanoscience and this method has often been applied.
Molecular dynamics is based on the container model and
Newton’s equations of motion. Here, N atoms (molecules)
are embedded in space and are considered as physically
real entities. The N objects interact with each other at each
time τ.
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to be small, solid and indestructible objects, always remaining identical in mass and
shape.

Feature 2:
Newtonian mechanics reflects a deterministic behavior. Our experiences in every-
day life suggest this view. That is, Newtonian mechanics is closely related to a rigor-
ous determinism, that is, the future path of moving objects (e.g., the earth) can be
completely predicted and its past can be completely disclosed if its present state is
known in all details.

From Newton’s point of view, reality is given by the following vision: In the be-
ginning, God had created everything, that is, the material objects, the forces be-
tween them and the equations of motion. Then, the entire universe was set in
motion and it has continued to run ever since, like a machine, governed by
Newton’s equations of motion.

In other word, in the Newtonian view, there exists a giant cosmic machine, and
this machine behaves completely causally and determinately; a definite cause gives
rise to a definite effect, and the future of any mechanical object can be predicted
with absolute certainty if its present state and the forces acting upon it are known.
Again, this behavior is close to what we have before our eyes.

The tremendous success of Newtonian mechanics in the eighteenth and nine-
teenth centuries suggested that this mechanical view could be consistently applied
to all branches of physics, that all phenomena could be explained in this way, not
just in the movements of the planets.

In conclusion, the laws given by Newtonian theory, the laws of mechanics,
were seen as the fundamental laws of nature; classical mechanics was considered
to be the absolute truth and it was considered for almost three centuries as the ulti-
mate theory of natural phenomena.

It was Lamettrie who required that, in addition to usual objects, living human
beings (and also animals and plants) should behave like a Newtonian machine,
that is, without any spontaneity. In Lamettrie’s opinion, the behavior of human
beings was also completely causal and determinate like the dead objects around us.
In other words, it was seen as being possible to predict – in principle – with abso-
lute certainty, all the future activities of a man if his present state was known.

Within this view, men are merely automata and not free individuals capable of
influencing the course of events by their volitions; the world is completely mecha-
nistic in its ultimate nature, and mind is a production of mechanics. Clearly, all
those conclusions about human beings, which were based on religious considera-
tions had no place within such a mechanistic view.

Newton’s classical mechanics with all its specific characteristics, just quoted, is
applied to the nanorealm as well, at least in some but relevant cases. Also, the
method of molecular dynamics, which is discussed in this chapter, belongs to this
application field.
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3.2.2 The ultimate level

In nanoscience, matter is in the form of many-particle systems described at the
smallest level at which functional matter (condensed matter) can exist: It is in fact
the “ultimate level,” where the properties of usual materials emerge. Here, we deal
with the atomic/molecular level, and there is no scientific level above this level. In
other words, it is in fact the ultimate level. But most basic biological structures
such as DNA, enzymes and proteins also work at this nanoscale, building up, mole-
cule by molecule, macroscopic biological systems we call trees, humans and so on,
with their typical intimate features.

For all the systems, the structure and dynamics of the objects is relevant. Since
these systems (nanosystems) behave strongly anharmonically, no reliable analyti-
cal models, expressed through formulas, exist at the ultimate level. Thus, we have
to recourse to numerical methods, which are, in most cases, complex. (In usual
solid-state physics, the harmonic approximation works well in most cases and ana-
lytical models are expressible.)

Since no analytical models are available, we have to formulate the basic formu-
las in the most general form and must solve the problem numerically. The structure
and dynamics of the atoms/molecules determine the properties essentially and are
usually expressed by correlation functions, which can be measured.

3.2.3 Big data sets

As we already outlined in the sections before, the most relevant material proper-
ties behave in accordance with classical mechanics if the temperature is suffi-
ciently large, that is, the data can be determined on the basis of Newton’s
equations of motion. However, as we have outlined previously, not only the object
number N is relevant, but also the interaction between the atoms. In the formula-
tion of the interaction, classical mechanics is not sufficient, but quantum effects
come into play and cannot be neglected. In the formulation of the interaction
laws, the quantum mechanical features of electrons have to be considered
carefully.

The procedure is to solve the classical equations of motion numerically, that is,
Newton’s equations, using the interaction laws as input. These fundamental equa-
tions of motion are expressed through coupled differential equations. This proce-
dure is known in literature as “molecular dynamics.”

The molecular dynamics method is based on the container model and Newton’s
mechanistic world view. We know that this conception is not realistic but it works.
There are obviously compensating effects with respect to certain assumptions. This
point has already been remarked in Section 3.1.4, but we do not want to give more
details here.
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Within the frame of almost all molecular dynamics calculations, the predictor–
corrector technique is used as algorithm for the solution of the equations of motion.
Specific predictor–corrector algorithms are necessary and are described extensively
in literature [37].

The basic information of 102–107 particles is very large and we get in such in-
vestigations “big data sets.” If the many-particle system is treated as classical unit,
we obtain, in realistic simulations with 102–107 particles, for each particle at time τ
the position r and the momentum p, that is, we have

τ : ri = xi, y1, zið Þ,
pi = pxi, pyi, pzi

� �
; i= 1, 2, . . . , N

(3:3)

where N is again the particle number. This leads to big data sets already in the case
of 102–107 for N.

This big data set can only be used in specific cases but not for the general anal-
ysis of the many-particle system [37]. We have to produce measurable quantities,
which consist of reduced data sets. However, the calculation of the measurable
quantities (reduced data sets) have to be done on the basis of the big data set, that
is, the big data set is definitely needed. For the production of the sets and their
analysis, sufficiently large and fast computers are necessary.

In this chapter, we will discuss the basic tools for the treatment of nanosystems
with many-particle character, which are given by the physical laws. We will talk
about analyzing methods that are based on statistical physics and we will quote the
main interaction types. Moreover, we will bring examples.

3.3 The physical formulation

3.3.1 The Hamilton function

For the classical description of the many-particle systems Hamilton’s equations can
be used. The Hamilton function has to be formulated in basic form, which is given
in the case of monatomic systems by [15]

H =
XN
i= 1

p2i
2m

+ 1
2

XN
i, j= 1
i≠j

υij +
1
6

XN
i, j, k = 1
i≠j≠k

υijk + � � � (3:4)

where m is the mass of the atoms and pi is the magnitude of the ith object that can
be an atom, molecule or ion.

Under the assumption that the change of the electronic arrangement around
each ion, atom or molecule is sufficiently small, the potential energy V may be ex-
panded in terms of many-body interaction potentials and this is reflected through
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the second and the third term in eq. (3.4). The term with υij represents the pair po-
tential contribution and the term with υijk describes three-body interactions. Higher
order contributions are not explicitly quoted in eq. (3.4) but could be relevant as
well, depending on the problem under investigation.

3.3.2 Pair potential approximation

A particular role plays the pair potential approximation. This approximation is real-
istic if the polarization of the core electrons is negligibly small. In this case, the trip-
let and higher terms in the interaction (3.4) diminish rapidly in significance when
compared with the pair terms. Then, the obvious final step of approximation is to
neglect them entirely. This is called the pair potential approximation and is used in
almost all molecular dynamics calculation. Furthermore, when we assume that the
interaction itself is only dependent on the magnitude of the distances between the
objects, we get

XN
i, j= 1
i≠j

υij =
XN
i, j= 1
i≠j

υ ri − rj
�� ��� �

(3:5)

where r1, ..., rN, with ri − rj
�� ��= rij, are the positions of the N atoms forming the system

under investigation.
Referring to 100 atoms, with eq. (3.5) the problem has been reduced to a 9,900-

fold sum of values from one pair potential function υij with only one dimension,
where i and j refer again to the distance of the two objects. This simplification ex-
pands the calculability of the many-particle problem with today’s computer power
up to millions of particles – at least under certain conditions.

We assumed that the atoms behave classically, which is practically fulfilled in
almost all cases. Furthermore, if we assume that only the pair interaction is effec-
tive, we obtain the classical Hamilton function in the pair potential approximation,
and this is given for monatomic systems by the following expression:

H =
XN
i= 1

p2i
2m

+ 1
2

XN
i, j= 1
i≠j

υ rij
� �

(3:6)

If three- or higher body forces are effective, instead of the pair potential approxi-
mation for the potential energy, the expansion (3.4) has to be used. Pair potentials
and many-body forces are discussed in detail in literature (see e.g., Ref. [15]).
However, we will also quote some principal points in this monograph, particularly
in Section 3.5.
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3.3.3 Simple models

How can we calculate and determine, respectively, the properties of a many-particle
system on the basis of a given Hamiltonian? In the conventional treatment of this
problem, we have to simplify the problem further, and we need “simple models” that
have to be reliable enough.

Quite general, simple models can be obtained by controlled approximations
from the general case (3.6). In connection with many-particle systems, the general
mathematical formulation of the problem in most cases is very complex so that it is
unavoidable to choose simplifying models but, in most cases, such simplifying mod-
els can only be obtained through uncontrolled steps from the general case (3.6). It is,
therefore, a rule to introduce simple models just for convenience. However, a realistic
description needs more than that.

The “simple model” of solid-state physics is the crystalline solid in which the
dynamics is described within the harmonic approximation. On the basis of this ap-
proach, it is, in fact, possible to determine successfully the properties of a lot of solids
and materials, respectively. However, there are also a lot of cases where this simple
model does not work and it is therefore not applicable in such cases, even when it is
extended by specific assumptions. For example, the silver subsystem of the solid
electrolyte α-AgI is highly disordered and its dynamics does not behave harmonically
[38]. A simple description (model) for α-AgI and similar solids is not available. Also
in the case of liquids and gases, “simple models” have not been found.

Even in the case of gases with low densities, we cannot formulate simple models.
That is, we cannot simply restrict ourselves to the first terms in the virial expansion
in the calculation of the pressure. The reason is obvious: The expansion obviously
converges slowly and, therefore, even in the case of low density, one has to consider
more than the first two terms. It is well known that the virial coefficients can be ex-
pressed in terms of the pair potential υ rð Þ, but the corresponding expressions are get-
ting complicated for the higher order virial coefficients and are hardly accessible. In
other words, in practical calculations, only the first terms can be calculated. The vi-
rial expansion would define a “simple model” if for a broad class of gases a restric-
tion on the first two terms would be realistic, but this is obviously not the case.

In summary, only for a specific class of many-particle systems “simple models”
can be introduced: It is the crystalline solid in the harmonic approximation. But in
most cases, anharmonicities effects are relevant and cannot be considered as small
perturbation to the harmonic approximation.

This is also the case for typical nanosystems. Here, a great fraction of atoms/
molecules are more or less close to the surface region and surface particles behave
strongly anharmonically. In small nanosystems, as in the case of clusters with a
few hundred of objects, even the innermost objects cannot be treated as bulk par-
ticles; the cut-off radius for the interaction potential here is larger than the distance
to the surface.
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The atoms/molecules at surfaces are in general less bonded than in the bulk
and, therefore, the mean-square amplitudes of the objects are significantly larger at
the surface than in the inner of the nanosystem, leading to relatively strong anharmo-
nicities. This phenomenon can be observed even at low temperatures – low in com-
parison to the melting temperature of the bulk system. The melting temperature of
typical nanoclusters is distinctly smaller than in the bulk state of the same material.

For the precise theoretical description of many-particle systems (nanosystems,
gases and other specific solids), simple models in the above sense could not be
found. An analytical description for systems with strong anharmonicities has not
been introduced so far.

3.4 The numerical treatment: molecular dynamics

Due to the structural and dynamical behavior of nanosystems, we have to choose
sophisticated theoretical methods for their treatment. The relatively strong anhar-
monicities are not negligible even at low temperatures.

The following question is important: How can the structure and dynamics of nano-
systems or similar systems be described? What method or basic model is adequate?
We already indicated this point previously. Let us give more specific details here.

Only for the harmonic, crystalline solid, a basic model exists. Analytical models
could not be found for systems with strong anharmonic behavior. Simplifying prin-
ciples at the microscopic level for such systems, different from the harmonic, crys-
talline case, could not be formulated for many-particle systems (see Section 3.3.3
about simple models). Thus, we have to describe such systems on the basis of the
most general formulation, and this is given by the molecular dynamics method and
that reflects a numerical method.

We will quote here relevant details about the molecular dynamics method. But
there are other possibilities for the treatment of many-particle systems, at least in
principle. For example, the Monte Carlo approach (Chapter 2) has also been ap-
plied. In contrast to molecular dynamics, where we have completely deterministic
laws in algebraic form, the Monte Carlo method works with specific stochastic ele-
ments, but it is a numerical approach as well. Whereas the molecular dynamics
methods enable to calculate structural and dynamic properties, the Monte Carlo
method only deals with structural properties, and these are configurational aver-
ages and thermodynamic quantities. Quantum molecular dynamics is a suitable
method as well, but we will not outline the details here. Relevant methods for the
treatment of nanosystems are quoted in Chapter 2.

As we underlined earlier, many-particle systems with strong anharmonicities
have to be described on the basis of the most general formulation, and this is given
by the molecular dynamics method, which is able to characterize the structure and
the dynamics of classical many-particle systems. Molecular dynamics are done in
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most cases on the basis of eq. (3.6), that is, if the pair potential approximations can
be used and the other interaction types in the form of higher order many-body inter-
actions can be assumed to be small.

3.4.1 Basic information

Clearly, only on the basis of the most general formulation the strong anharmonic-
ities, which appear in connection with nanosystems, can be treated without approx-
imation. In other words, the general description of the structure and dynamics of
classical many-particle systems can only be done by means of molecular dynamics
calculations. Here we do not need “simple models” or other uncontrolled simplify-
ing assumptions (see in particular Figure 2.2).

As already mentioned, such “simple models” and simplifying assumptions, re-
spectively, are not known at the microscopic level and can only be introduced in a
phenomenological or empirical way. The harmonic approximation is not valid and
the phonon picture is not applicable.

What is here the procedure? Within the framework of molecular dynamics
Hamilton’s equations

_pxi = −
dH
dx1

, . . . , _pzN = −
dH
dzN

_x1 = −
dH
dpxi

, . . . , _zN = −
dH
dpzNi

(3:7)

are solved by iteration using a sufficiently large and fast computer. We obtain the
following information for the N objects:

q τ1ð Þ, p τ1ð Þ
q τ2ð Þ, p τ2ð Þ

..

.

q τið Þ, p τið Þ

..

.

(3:8)

where we have

q τið Þ= x1, y1, z1, . . . , xN , yN , zNð Þ

p τið Þ= px1 , py1 , pz1 , . . . , pxN , pyN , pzN
	 
 (3:9)
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In other words, we obtain the coordinates and momentums for all particles of the
system as a function of time τ, and this is the information that follows from the so-
lution of the classical equations of motion

The time step in the iteration process has to be estimated and is dependent on the
parameters, which characterize the system under investigation. We do not give the de-
tails in this chapter. The solution (3.8) represents the most general form for the many-
particle system and reflects a large amount of data, that is, it is a “big data set.”

3.4.2 Total information

With k iteration steps the information about the system consisting of N particles is
given in the time interval

τG = k ·Δτ (3:10)

with

Δτ= τi+ 1 − τi (3:11)

Equation (3.8) contains the total information of the many-particle system, which is
given within a certain time interval expressed through eq. (3.10).

On the basis of this information the structure and dynamics of the system, can
be determined – at least in principle. In particular, we can express correlation func-
tions, which are the bridge to experimental data. In the following, we will give
some remarks about the determination of typical functions on the basis of informa-
tion (3.8).

3.4.3 Average values

Let us consider a space of 6N dimensions and let us represent the system within
this space. The system under investigation is given by the points in this space. That
is, there are 3N coordinates

q= q1, q2, . . . , q3Nð Þ (3:12)

and there are 3N momentums

p= p1, p2, . . . , p3Nð Þ (3:13)

This space with the coordinates q and p is the so-called phase space, and each
point at time τ corresponds to a mechanical state of the system. The evolution of
the system as a function of time τ is the complete information and is determined by
Newton’s equations of motion (Hamilton’s equations). Once again, it is a strict clas-
sical description.
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This collective motion is described by a trajectory; it is a trajectory in phase
space [see Figure 3.5(a)]. The trajectory passes through the space element dqdp
around point q, p of the phase space. We come from the trajectory to an ensemble
when we go from Figure 3.5(a) to (b): The points in Figure 3.5(b) indicate how often
the elements of the phase space have passed through the trajectory given in
Figure 3.5(a), and these points in Figure 3.5(b) define the ensemble.

In other words, instead of the trajectory [Figure 3.5(a)] we have now a “cloud” of
phase points, and this cloud defines an ensemble. The cloud itself is a big number
of systems of the same nature, but differing in the configurations and momentums,
which they have at a given time τ.

In summary, instead of considering a single dynamic system [Figure 3.5(a)], we
obtain various systems, all corresponding to the same set of equations of motion
(Hamilton function). This collection of systems is also called “statistical ensemble.”
One point of the statistical ensemble is the system under investigation in one of its
possible states.

The introduction of the statistical ensemble is very useful regarding the relationship
between dynamics and thermodynamics. In particular, it is a tool for the reduction of
data sets. This is important because this way also allows the connection to experimen-
tal data. In other words, the data reduction performed by this method makes sense.

3.4.4 Density functions in phase space

The statistical ensemble, introduced before, can be expressed through a density in
the 6N dimensional phase space:

q

dq
dp

(a) (b)

p

q

dq
dp p

Figure 3.5: Phase space considerations in connection with a classical many-particle system.
(a) Trajectory in phase space. At each clock time τ, there is one phase point q,p. (b) Statistical
ensemble. For details, see the discussion in the text.
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ρðq1, q2, . . . , q3N , p1, p2, . . . , p3N , τÞ
#

ρðq, p, τÞ
(3:14)

Since the number of points of the statistical ensemble is arbitrary, the function
ρ q, p, τð Þ will be normalized as ð

ρ q, p, τð Þdqdp= 1 (3:15)

The quantity

ρ q, p, τð Þdqdp

can be considered as the probability of finding at time τ a system of the ensemble
in the element dqdp at the point (q, p) of the phase space.

The definition of the density function (3.14) is meaningful only if this quantity
becomes stationary, that is, if ρðq, p, τÞ takes an asymptotic value for sufficiently
large times τ:

lim
τ!∞

ρ q, p, τð Þ= ρ q, pð Þ (3:16)

When the trajectory given by the elements q τð Þ, p τð Þ is able to produce, over a suffi-
ciently long period in time, the τ independent quantity ρ q, pð Þ, the introduction of
ρðq, p, τÞ becomes meaningful. This behavior is known as ergodic hypothesis. In
this case, we have equivalence between the averages: The average over the time
and the average over the statistical ensemble of a function f ½qðτÞ, pðτÞ�= f ðτÞ are
equivalent and we have

< f > =
Ð
f q, pð Þρ q,Pð ÞdqdpÐ

ρ q,Pð Þdqdp (3:17)

and

< f > = lim
τ!∞

1
τ

ðτ
0

f τð Þdτ (3:18)

Different expressions exist for the density function ρ q, pð Þ, which can be defined in
various ways, that is, we obtain different expressions for ρ q, pð Þ. These expressions
are dependent on the thermodynamic state of the environment. Without going into
detail, let us quote in the following the results for the three most import situations
for which the function ρ q, pð Þ can be expressed.
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Microcanonical ensemble
In the case of a microcanonical ensemble, the system is considered to be isolated
and the volume VN , the object number N and the energy E are given. Then, the
quantity ρ q, pð Þ is expressed by

ρ q · pð Þ=
ρ0 = const

0 otherwise

(
(3:19)

for

E <H q, pð Þ< E +Δ (3:20)

where E� Δ.
With the formulation (3.17), the average value of a function f ðq, pÞ is given by

< f > =

Ð
E <Hðq, PÞ< e+Δ

f ðq, pÞdqdpÐ
E <Hðq, PÞ< E+Δ

dqdp
(3:21)

The application of the microcanonical ensemble is useful if the thermodynamic
state is defined adequately.

Canonical ensemble
Here, the system under investigation is treated as a closed, isothermal system and N,
VN and T are given, where T is the temperature. The density function ρ q, pð Þ within
the canonical ensemble is expressed through

ρðq.pÞ=
exp − Hðq, pÞ

kBT

n o
Ð∞
−∞

exp − Hðq, pÞ
kBT

n o
dqdp

(3:22)

In other words, if N, VN and T are given, the density function ρðq.pÞ takes the form
of expression (3.22).

Grand canonical ensemble
Within the grand canonical ensemble, the system parameters VN, T and μ are given,
where μ is the chemical potential. Then, we obtain for the density function ρ q, pð Þ the
relation that is different from relation (3.22). The expression

exp −
Hðq, pÞ
kBT

� �
(3:23)

in eq. (3.22) is replaced by
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exp −
Hðq, pÞ− μN

kBT

� �
(3:24)

and instead of eq. (3.22), we get

ρðq.pÞ=
exp − Hðq, pÞ−μN

kBT

n o
Ð∞
−∞

exp − Hðq, pÞ−μN
kBT

n o
dqdp

(3:25)

Grand canonical ensembles are used within specific investigations where the object
number N varies.

Thermodynamic limit
The thermodynamic limit is defined by the condition

N ! ∞

VN ! ∞

N
VN
¼ const

(3:26)

Within this limit, the microcanonical, the canonical and the grand canonical en-
semble are equivalent, that is, the statistical average < f > of f q, pð Þ is the same for
the three methods if the thermodynamic limit is fulfilled, and we obtain, in all three
cases, the same value for the statistical average < f > of f q, pð Þ.

3.4.5 Individual and mean velocities

In connection with the statistical ensemble, we may define averages on the basis
of what is represented in Figure 3.5(b), but also with respect to the trajectory
[Figure 3.5(a)]. Let us repeat. The “ensemble” is defined by all possible states for
the system under investigation. In the case of the “trajectory,” the system moves
through phase space in the course of time τ and occupies the phase space
completely, that is, equivalence between the ensemble and the trajectory is given
if the trajectory moves through all possible states the system is able to take.

Let us consider a monatomic system with N atoms/molecules and let v τð Þ be the
velocity of a single particle at time τ. When we work with classical probabilities, the
probability, say dW, to find the velocity of one particle of the ensemble in the interval

v, v+dv (3:27)
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is given by the well-known Maxwell distribution, which is expressed through the
following equation:

g vð Þ= 4ffiffiffi
π
p m

2kBT

� �3=2

v2 exp −
mv2

2kBT

� �
(3:28)

and for the probability, we get

dW = g vð Þdv (3:29)

In eq. (3.28), kB is Boltzmann’s constant and m is the mass of the atom/molecule.
T is again the temperature.

By averaging of v2 over all members of the ensemble, that is, over all possible
object states [corresponding to Figure 3.5(b)], the mean-square velocity < v2 > of
the ensemble is determined. Applying Maxwell’s distribution (3.28), we get for the
mean-square velocity < v2 > the equation

< v2 > = 4ffiffiffi
π
p m

2kBT

� �3=2 ð∞
0

v4 exp −
mv2

2kBT

� �
dv

= 3
kBT
m

(3:30)

We obtain exactly the same value for < v2 > if we average v2 over the trajectory [cor-
responding to Figure 3.5(a)], that is, if we average over the object states v2 = v2 τð Þ,
which it takes in the course of time τ. If we define a function v2 τ0ð Þ by

v2ðτ0Þ= 1
τ0

ðτ0
0

v2ðτÞ dτ (3:31)

we must have

lim
τ0!∞

v2 τ0ð Þ= < v2 > (3:32)

This means that after a sufficiently large time τ0, the velocity v τð Þ of an atom/mole-
cule of the N-particle system has passed through all the states given by Maxwell’s
distribution (3.28). In practical calculations, that is, within molecular dynamics mod-
els, it turned out that the condition τ0 ! ∞ in eq. (3.32) is already fulfilled after a
relatively short time interval. Let us specify and supplement this point.

How can we calculate average values in connection with molecular dynamics
calculations? Here, the following question is of particular relevance: How large is
normally the time interval Δτ in order to fulfill eq. (3.32) in a good approximation?
Specific calculations showed that the time interval Δτ is relatively small; to fulfill
eq. (3.32) one needs not more than 103 iteration steps, that is, Δτ is of the order of
10–11 s if the time step is 10–14 s.
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Clearly, within molecular dynamics, calculations averages need not be calculated
on the basis of a statistical ensemble using the density function ρ q, pð Þ, but are ex-
pressed through the raw data (3.8) that are given by the solutions of the classical
equations of motion. The calculated information expressed by eq. (3.8) already repre-
sents the data in thermal equilibrium. Therefore, it is straightforward to determine
averages on the basis of eq. (3.8). For the mean-square velocity [see eq. (3.30)], the
molecular dynamical average is

hv2i= 1
Nϑ

1
N

XNϑ
j= 1

XN
i= i

v2i ðϑjÞ (3:33)

The average is formed over all N particles and various times ϑj.

3.4.6 Initial values

The states of a classical many-particle system is described if the coordinates and
the momentums (velocities) of all N atoms/molecules are given as a function of
time τ. We know that this information is obtained through the solution of Newton’s
equations of motion. It is the total microscopic information about the system under
investigation. However, for the solution of the equations of motion, “initial values”
for all the coordinates and all the velocities of the complete ensemble are needed,
that is, for all N particles forming the system. Let us quote how these initial values
can be obtained.

Initial values for the coordinates
In the case of liquids and gases, the particles can be distributed randomly with ap-
propriate density within a certain volume. The situation is different if we consider
crystals (with and without surface). Here, the objects are normally positioned
within an array so that the perfect lattice structure, appropriate to the system under
investigation, is generated.

This procedure can also be applied for systems in the nanorealm. The system
is, of course, not fixed at this structure, but the structure develops in the course of
time until a stationary structural state is reached.

Initial values for the velocities
We would like to assume that there are no external forces acting on the system. If
that is the case, the directions of the velocities

vi= vij j; i¼1;2; . . . ;N (3:34)
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at the initial time should be distributed randomly, where vij j is identical with the
notation vi used in Section 3.4.5: vij j= vi or vj j= v. In the case of a random distribu-
tion and without external force, we get for the sum over all velocities a value of
zero (or a constant value):

XN
i= 1

vi vij j=0= (3:35)

This must be valid for all times τ. This condition is necessary because the conserva-
tion of momentum must be fulfilled at each time τ during the molecular dynamics
calculation.

The magnitudes of the particle velocities are distributed according to Maxwell’s
distribution if the system is in thermal equilibrium. It is, however, more convenient
to choose initially another velocity distribution.

For the initial velocities, we may choose, for example, the same magnitude for
all object velocities. However, due to the mutual interactions between the N par-
ticles the distribution for the velocities develops in the course of time towards the
Maxwell distribution, which is represented through eq. (3.28).

In other words, the probability dW = g vð Þdv [see eq. (3.29)] of finding the velocities
between v, v+ dv is initially expressed by a delta function, and this means that the sys-
tem is initially not in thermal equilibrium. With the help of the specific function

αðτÞ=

1
N

XN
i= 1

vðτÞ2i
h i2

1
N

XN
i= 1

vðτÞ2i
� �2 (3:36)

we can study the behavior of the velocity distribution. The individual velocities
vi τð Þ, i= 1, 2, . . . ,N, in eq. (3.36) are again the velocities obtained from the molecu-
lar dynamics calculation. Using this equation, we can study at which point in time
Maxwell’s distribution is reached. In the case of Maxwell’s distribution (3.28), the
value for α τð Þ is exactly 5=3 for all times τ. With our initial velocity distribution, we
get α τð Þ= 1.

It can be shown within realistic molecular dynamics calculations that thermal
equilibrium α τð Þ= 5 3= Þð is reached after a few hundred time steps if we start from
α τð Þ= 1; the time step is of the order of 10–14 s. A schematic representation is given
in Figure 3.6.

All that reflects realistic situations and would also be observable in nature.
Since the number of atoms/molecules is finite (N≠∞) in such calculations, the sys-
tem fluctuates around its equilibrium value αðτÞ= 5=3. These fluctuations increase
with decreasing particle number, that is, in Figure 3.6, we have NA <NB, where NA

and NB are the particle numbers of two systems A and B. The variations of the func-
tion αðτÞ are object-independent, that is, they are independent of the interaction
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potential used in the calculation and they are also independent of the object mass.
Clearly, in the case of sufficiently large systems, N ! ∞ð Þ, that is, for macroscopic
systems such fluctuations are (almost) zero and α τð Þ is a constant [αðτÞ= 5=3] and is
independent of time τ.

Temperature of molecular dynamic systems
How is the temperature expressed in the case of molecular dynamics systems? Also
the temperature of such systems is dependent on time τ. It is defined by the well-
known relation

1
2
m<v τð Þ2 > = 3

2
kBT τð Þ (3:37)

With
<v τð Þ2 > = 1

N

XN
i= 1

v2i τð Þ (3:38)

we get for the temperature

T τð Þ= m
3NkB

XN
i= 1

v2i τð Þ (3:39)

NA

NB

τtime

5

α(τ)

3

1.0

Figure 3.6: Schematic representation of the function α(τ), defined by eq. (3.36). The system under
investigation is initially not in thermal equilibrium, which is reflected by αðτÞ= 1. After a few
hundred time steps, obtained by molecular dynamics, thermal equilibrium (Maxwell’s distribution)
is reached, and this is expressed through the value αðτÞ= 5=3. Since the number of particles is
finite (N≠∞), the system fluctuates around 5/3. These fluctuations increase with decreasing
particle number, that is, in the figure, we have NA <NB, where NA and NB are the particle numbers
of two systems A and B. The variations of the function αðτÞ are object independent, that is, they are
independent of the interaction potential used in the calculation and they are also independent of
the object mass. So, αðτÞ fluctuates around 5/3 for every system.
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The temperature fluctuations, represented schematically in Figure 3.7, are of course
not artificial but actually appear in the case of small systems like nanoclusters with
a finite number of objects. In other words, temperature fluctuations are quite natu-
ral. The fluctuations reflect specific material properties like, for example, the spe-
cific heat at constant volume. The details are not of interest in connection with this
chapter.

3.5 Interaction potentials

For the performance of molecular dynamics calculations, a certain input is neces-
sary. Not only the initial values for the coordinates and momentums (velocities) for
all the N atoms/molecules of the system are needed as input (Section 3.4.6), but in
particular the interaction laws between the objects on which the system is based.
Just the interaction potentials reflect the specific characteristics and features, re-
spectively, of the system under investigation.

The precise knowledge of the interaction potentials is required in order to get a
reliable description of material properties. In particular, for the description of sur-
face properties of solids, as well as for the description of nanosystems, reliable po-
tentials are needed.

The system properties are, in general, very sensitive to small variations in the
interaction potentials. In fact, small quantitative potential variations can lead to
qualitative effects with respect to system properties, just in connection with the
structure and dynamics near the surface.

Here we have to distinguish between the repulsive and the attractive part of the
potential, and both parts have to be determined carefully. However, the determina-
tion of accurate potential functions for systems of interest (e.g., metals and materi-
als with covalent bonding) is rather difficult even for the bulk. The nanoproblem is
much harder because a great fraction of atoms/molecules belong to the surface re-
gion. The reason is obvious: In the case of nanosystems, the changes regarding the
electronic states and other relevant properties near the surfaces are meaningful.

T

Tm

NA

NB

time τ

Figure 3.7: The temperature as a function of time τ for
two systems, having again the particle numbers NA

and NB. It is a schematic representation. The mean
temperature is here denoted by Tm. Because of the
finite number of particles, the temperature fluctuates
around Tm. The temperature fluctuations increase
with decreasing particle number, that is, we have
NA <NB in the figure.
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In this subsection, we would like to discuss some relevant points in connection
with interaction potentials. In literature, a lot of theoretical studies are given and
are also in connection with calculations within the frame of molecular dynamics
calculations. However, in most cases, the potentials are used in a rather uncritical
way: The interaction laws are often used without testing carefully their reliability,
in some cases, even not at all.

Serious research in nanoscience requires just the opposite: Since the properties
of nanosystems are particularly sensitive to potential variations, the potentials
have to be determined thoroughly for such systems. The performance of a molecu-
lar dynamics calculation without reliable interaction potential is hardly relevant
and is actually superfluous.

3.5.1 Types of interactions in condensed matter physics

Basically, in condensed matter physics we have to distinguish between various in-
teraction types that differ in their fundamental interaction mechanisms. We have
four binding types:
(1) Ionic interactions (4–14 eV)
(2) Metallic bonds (0.7–6 eV)
(3) van der Waals interactions (0.02–0.3 eV)
(4) Covalent bonds (1–10 eV)

Here the numbers denote the typical binding energies. Also, the hydrogen bridge
bond (0.1–0.5 eV) has to be mentioned and is a characteristic binding type, but will
not be discussed in the following.

1. Ionic binding
The ionic interaction is characterized by different atoms (e.g., Na and Cl). In this
case, an exchange of electrons between the atoms takes place, so that the many-
particle system consists of positive and negative charged ions. The interaction law,
as a function of distance r between the ions, is very simple; it is described by
Coulomb’s law if the distances are larger than r+ + r− , where r+ and r− are the radii
of the positively and negatively charged particles. For smaller distances, that is, for
r < r+ + r− the interaction is repulsive due to the overlap of the electron cores. The
critical point is here the repulsive potential parts that have to be determined accu-
rately in the case of large energies.

2. Metallic binding
In the case of metals, we have the following situation: For certain atoms, the elec-
trons of the outer shell are only weakly bonded. If a many-particle system is joined
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with such types of atoms, the weakly bonded electrons leave the according atoms
and move through the whole system. These are the conduction electrons. In other
words, in metals, we have the following configuration: There are positively charged
ions which move through an ensemble of conduction electrons, often called the sea
of conduction electrons.

When we are interested in the structure and dynamics of the ions, we have to per-
form molecular dynamics calculations for the ions, which behave classically. On the
other hand, the conduction electrons form a quantum system. The ion–ion interaction
is the input in the molecular dynamic calculations. Thus, in metals the ion–ion interac-
tion is not simply given by the Coulomb potential since the ions are screened by the
quantum mechanical conduction electrons and that makes its determination compli-
cated. Such a modeling of the ion–ion potential can be performed, for example, within
the frame of pseudopotential theory. However, we do not want to give more details
here in this rough overview. It should be remarked that the interaction potentials in
metals have, in general, to be considered as temperature dependent. Here the tempera-
ture effect is due to the density of the conduction electrons within the many-particle
system which is a function of temperature.

3. van der Waals interaction
The electron moves around the atomic nucleus in a nondeterministic way. This means
that there is a certain probability that the atoms have, at instant τ, an electrical dipole
moment which, however, becomes zero when it is averaged over the time. In a many-
particle system, these momentary dipole moments interact with each other leading to
an attractive potential between the atoms of the many-particle system.

This is an effect with respect to the long-range part of the interaction. Clearly, at
small distances repulsive core effects have to be considered as well in the description
of the interaction potential. Typical van der Waals systems are noble gases. Van der
Waals interaction has to be considered also in metallic systems and contribute here as
well.

4. Covalent bonds
In the case of covalent binding, the interaction mechanism between atoms is ex-
plained by the fact that a part of their electrons belongs to several atoms at the same
instant, that is, simultaneously. In other words, the probability of finding an electron,
which is responsible for the interaction, is relatively large in the space between the
atoms, and these electronic states lead to interaction effects between them. In most
cases, this process is based on the formation of spin saturated electron pairs, where
each atom contributes an electron so that the electron shells take a noble gas config-
uration. Carbon, amorphous semiconductors, hydrogen molecules and so on are typi-
cal examples for substances with covalent bonds.
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3.5.2 Remarks concerning phenomenological potentials

In most cases, the interaction is not derived on the basic level, that is, within the
frame of Schrödinger’s equation and corresponding approaches. Instead, phenome-
nological potential functions are used very often, which are most often not strictly
constructed with respect to the basic interaction types discussed in Section 3.5.1.

As a typical example for a phenomenological potential, let us briefly discuss the
potential of Morse [39]. This interaction law has extensively been applied not only in
the study of lattice dynamics [40], but also in the investigation of the defect structure
in metals [41–49]. The role of the inert gases in metals has been studied on the basis
of the phenomenological potential of Morse. [50, 51]. Other applications are the equa-
tion of state [52, 53], the study of elastic properties of metals [54], the interaction be-
tween crystal surfaces and gas atoms [55]. A lot of other specific problems have been
investigated by means of the Morse potential [56–62].

This list indicates that the phenomenological Morse potential has been inten-
sively used in the study of problems in the physics of condensed matter. The Morse
potential is, however, merely a typical example for the study on the basis of phenom-
enological potentials. But what is the physical background of the Morse potential
and how is it expressed analytically? Let us briefly give some remarks on the back-
ground of this potential.

The basis was not a many-particle system but a single molecule. For the formula-
tion of the interatomic potential of the atoms of the diatomic molecule [63], Morse re-
quired some specific conditions in order to be able to describe the spectroscopy of the
molecule. Morse chose the following analytic expression for the potential function:

υ rð Þ= α0 exp − 2α r − r0ð Þ½ �− 2α0 exp − α r − r0ð Þ½ � (3:40)

where α0 is a constant and r0 is the intermolecular separation. The solution of the
radial part of Schrödinger’s equation using this potential form yielded the correct
energy-level representation for a diatomic molecule. However, eq. (3.40) has not
been derived by means of Schrödinger’s equation.

In conclusion, the Morse potential does not explicitly reflect one of the basic in-
teraction types discussed in Section 3.5.1, but it is based on the spectroscopy of di-
atomic molecules. Nevertheless, the potential obviously works well; it has been
applied extensively in the study of various many-particle properties, but there is no
physical justification for that.

There are many other phenomenological approaches for the interaction. For ex-
ample, the so-called Buckingham potential has also often been used and is inten-
sively discussed in literature, but we do not want to discuss this interaction type
here and also not other phenomenological approaches. In most cases, there is no or
almost no physical background for the introduction of these potentials. They have
often been chosen for purely pragmatic reasons and must be considered with care
and have to be considered as fitting functions and not more.
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As we already remarked at the beginning of Section 3.5, there is a strong poten-
tial-sensitivity in connection with the properties of systems with surface and in par-
ticular with respect to nanosystems. We have therefore to construct the interaction
potentials very carefully. In Ref. [15], we have discussed some relevant theoretical
methods for the construction of model potentials. In the next section, let us give
some basic remarks concerning the sensitivity of potential functions with respect to
system properties.

3.5.3 Potential variations and their influence on system properties

In this subsection, we would like to give some specific remarks on the sensitivity of
system properties with respect to variations of the interaction potential. Here, the
interaction between the atoms (molecules) is concerned that form a many-particle
system as, for example, a nanosystem.

As we remarked several times, the properties of such systems turned out to be
very sensitive to small potential variations. This particularly means that in the de-
scription of the properties of systems, the interactions have to be modelled carefully
in order to get reliable statements.

What does the statement “sensitive to small variations in the interaction poten-
tials” mean? We would like to demonstrate this point with the help a manageable
example, that is, we want to do the study on the basis of a relatively simple, but real-
istic system.

A study for krypton
For this purpose, let us choose the noble gas krypton [64]. In connection with nano-
systems, surface properties play a dominant role and are, therefore, of particular
interest. Therefore, we want to study the sensitivity of surface properties on the po-
tential function here.

In contrast to metals, the potential functions of noble gas solids, liquids and nano-
systems are not dependent on the density and the temperature of the system under
investigation. In particular, the interaction laws are the same at the surface and in the
bulk of the crystal. This is, in fact, a simple case but, nevertheless, krypton reflects a
realistic material.

Such a treatment is, however, not possible in the case of metals where we have
ions that are embedded in the sea of conduction electrons. At free metal surfaces,
the local electronic background is, in general, different from its average bulk value
and produces concomitant changes in the potential functions. In other words, the
potential functions in metals are complex. Such kind of effects do not arise at noble
gas surfaces and, therefore, in the study of the potential sensitivity, we want to
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restrict our study to noble gas (krypton) surfaces. We would like to consider here
pair potentials as well as three-body interactions.

For krypton, a reliable pair potential is available. It the so-called Barker poten-
tial [65]. It is given in analytical form, which is rather complex; we will not outline
this complex formula here. The Barker potential is more realistic than the famous
Lennard–Jones potential

υ rð Þ= 4ε
σ
r

	 
12
−

σ
r

	 
6
� �

(3:41)

because it undoubtedly correlates accurately a much wider range of experimental
data.

The shape of both potentials, the Lennard–Jones potential and the Barker po-
tential, are similar (see Ref. [15]) and do not differ significantly. Nevertheless, the
results for the relaxation are “qualitatively” different from each other. Whereas the
Barker potential leads to a contraction of the outer layers, the Lennard–Jones po-
tential leads to a layer expansion, as has been demonstrated by molecular dynam-
ics calculations for the Kr(111) surface and 539 atoms [66]. The layer contraction at
the surface is confirmed by LEED data.

As already mentioned, the layer contraction resulting from the model and the
experiments is in contradiction to the results of model calculations with the
Lennard–Jones potential (leading to an expansion). This result is important for
dynamical processes in the surface region; relaxation effects would essentially in-
fluence such dynamical processes.

The dynamical processes at the surface for the Lennard–Jones potential (3.41)
could be seriously in error. For example, the force constants vary strongly when we
go from a layer expansion to a layer contraction.

It should be emphasized here that the Lennard–Jones potential is the most
used interaction function in literature. In some cases, it is even used for the descrip-
tion of metallic systems [67], but there is no physical justification for that since van
der Waals forces, described by the Lennard–Jones potential or the Barker potential,
have nothing to do with the interaction type dominant in metals. Such kind of in-
vestigations have to be avoided because they are misleading.

In conclusion, the properties of many-particle systems with a large fraction of
atoms/molecules at the surface, in particular nanosystems, are obviously very sen-
sitive to small variations in the interaction between the objects. This follows directly
from the study of noble gas systems. The relatively small quantitative differences
between the Lennard–Jones potential and the Barker potential [66] give rise to not
only quantitative effects but also to qualitative differences. This example shows
that the selection of interatomic potentials has be done carefully, especially in the
modelling of nanosystems since a great fraction of atoms/molecules are positioned
at the surface here.
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Three-body interactions
What about many-body interactions? The Lennard–Jones potential as well as the
Barker potential are descriptions within the pair potential approximation (Section
3.3.2). However, many-body forces (three-body interactions etc., see eq. (3.4) might also
play a role. What can be said, for example, about the influence of three-body interac-
tions, just in connection with our noble gas example? Concerning this point, let us give
an instructive statement.

For our model system krypton, a three-body potential exists. It is the so-called
Axilrod–Teller potential [68], which is given by the following expression:

υ3ði, j, lÞ= ν
1+ 3 cos θ1 cos θ2 cos θ3

r3ijr
3
ilr

3
jl

(3:42)

where ν is a constant; the quantities rij, ril, rjl and θ1, θ2, θ3 are the sides and angles of
the triangle formed by the objects i, j, l. The three-body potential υ3ði, j, lÞ can be re-
pulsive and attractive, and this behavior is dependent on the shape of the triangle
formed by the three objects i, j and l.

Are those Axilrod–Teller interactions relevant in connection with the experi-
mental results discussed before? We cannot exclude that but it is not very probable.
The three-body potential (3.42) may lead together with the Lennard–Jones potential
to give good results for the relaxation at the surface. However, it is shown in Ref.
[69] that the influence of υ3 i, j, lð Þ on structural data is relatively small and, there-
fore, we cannot expect that the Lennard–Jones potential together with υ3 i, j, lð Þ
gives good results for the relaxation and other quantities of relevance. However,
this point has to be investigated in more detail.

On the other hand, the Barker potential is a complex expression with a lot of
parameters. These parameters were fitted through a large number of experimental
data. This fact can be expressed formally by

υ= υ r, a, b, . . .ð Þ (3:43)

where a, b and so on are the fit parameters. In other words, such kinds of potentials
should not be considered as pure pair potentials in the sense of eq. (3.4) in Section 3.3,
but should rather play the role of effective interaction potentials in which many-body
forces are included:

υ r, a, b, . . .ð Þ= υeff r, a, b, . . .ð Þ (3:44)

Equation (3.43) considers three-body interactions and so on without expressing that
explicitly, and this fact expresses a blanket approximation which in particular con-
siders approximately the entire set of possible many-body forces. Therefore, we
may express (3.4) in Section 3.3 by
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V r1, . . . , rNð Þ= 1
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i≠j

υij +
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(3:45)

That is, the effective potential simulates approximately many-body forces. This is due
to the fact that the potential parameters a, b and so on are fitted to experimental data
which may be more or less sensitive to many-body forces. The best way is of course not
to work with effective potentials, but the use of realistic many-body forces is desirable.

3.6 Structure and correlation functions

The structure of crystalline solids is in general determined through a relatively small
number of position vectors. Here, the geometry of the unit cell is essential, and the
unit cell is in fact in most cases determined by a few characteristic position vectors
for the objects occupying the cell. This is the case for macroscopic solids that can be
considered as systems with an infinite extension.

In the case of nanosystems, the situation is different. The structure is already at
relatively low temperatures, very often disturbed and disordered, respectively. This
is due to the strong anharmonic behavior of nanosystems. In the case of disordered
systems, a unit cell cannot be defined and, in general, the structure information
cannot be reduced. Then, the information about the relative object positions, that
is, the structure, is given by “all” the position vectors

ri , i= 1, 2, . . . , N (3:46)

of the N particles of the nanosystem under investigation. In other words, the structure
information of nanosystems is close to the structure, which is characteristic for liquids.

Although nanosystems are small, this structure information can be very large and
the structure of such systems has been characterized by certain averaged quantities.
These quantities are the so-called distribution functions, which correlate the positions
of the various N atoms, that is, we get correlation functions. Let us briefly discuss this
point here.

3.6.1 General remarks

For a classical system (e.g., a nanosystem or a liquid) with N atoms/molecules,
which is at temperature T in volume VN, the probability distribution in phase space
is characterized by [70–72]

exp −
H
kBT

� �
(3:47)
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where H is again the classical Hamilton function, expressed here by

H =
XN
i= 1

p2
i

2m
+Uðr1, r2, . . . , rNÞ (3:48)

Since we are interested in structural configurations, we have to integrate over all
N momenta.

The probability

P Nð Þ r1, r2, . . . , rNð Þdr1dr2 . . .drN (3:49)

that particle 1 will be found in volume element dr1 around position r1, particle 2 in
dr2 around r2, . . ., particle N in drN around rN is expressed by

PðNÞðr1, r2, . . . , rNÞdr1dr2 . . . drN
= 1

ZN
exp −

Uðr1, r2, . . . , rNÞ
kBT

� �
dr1dr2 . . .drN

(3:50)

where U r1, r2, . . . , rNð Þ is again the potential energy, which appears in the Hamilton
function (3.48). ZN is the N-body partition function and is in statistical physics
given by

ZN =
ð
exp −

U r1, r2, . . . , rNð Þ
kBT

� �
dr1dr2 . . .drN (3:51)

Furthermore, we can define the situation for n objects. In this case, the probability
that n atoms n≤Nð Þ will be in dr1 around r1, . . . , drn around rn, regardless of the
other N − n objects is obviously expressed by

PðnÞðr1, r2, . . . , rnÞdr1dr2 . . . drn
= 1

ZN

Ð∞
−∞

exp −
Uðr1, r2, . . . , rNÞ

kBT

� �
drn+ 1 . . . drN

� �
dr1 . . . drn

(3:52)

In order to avoid the labeling of the N atoms, the quantity P Nð Þ has to be multiplied
by the factor N! N − nð Þ!= and we get the relation

ρ nð Þ r1, r2, . . . , rNð Þ= N!
N − nð Þ!P

nð Þ r1, r2, . . . , rNð Þ (3:53)

P nð Þ r1, r2, . . . , rNð Þ is normalized to unity and we get

ð∞
−∞

ρ nð Þ r1, r2, . . . , rNð Þdr1dr2 . . .drN = N!
N − nð Þ! (3:54)

Then, we have the following characteristic: the expression

ρ nð Þ r1, r2, . . . , rnð Þdr1dr2 . . .drn (3:55)
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is the probability that one atom of the system will be in dr1 at r1 another in dr2 at
r2, . . .. The function ρ nð Þ r1, r2, . . . , rnð Þ is a relevant quantity in the description of
structural properties of many-particle systems and is the so-called n particle distri-
bution function.

Noninteracting objects
In the limit of noninteracting particles, the function PðnÞðr1, r2, . . . , rnÞ [see eq. (3.52)]
takes the following form:

P nð Þ r1, r2, . . . , rNð Þ= P nð Þ r1ð ÞP nð Þ r2ð Þ . . .P nð Þ rnð Þ (3:56)

and with eq. (3.53), we obtain for the distribution function ρ nð Þ r1, r2, . . . , rnð Þ for such
a random system the following form:

ρ nð Þ r1, r2, . . . , rnð Þ= N!
Nn N − nð Þ! ρ

nð Þ r1ð Þρ nð Þ r2ð Þ . . . ρ nð Þ rnð Þ (3:57)

In the next step in the representation of structural elements of many-particle sys-
tems, we would like to introduce “correlation functions.” The n-particle correlation
function is defined through this relation:

ρðnÞðr1, r2, . . . , rnÞ= ρðnÞðr1ÞρðnÞðr2Þ · · · ρðnÞðrnÞ
n o

gðnÞðr1, r2, . . . , rnÞ (3:58)

Correlations come into play if the N objects are not randomly distributed. In other
words, there are correlations between the N objects of the system (i.e., deviations
from a system with randomly distributed N particles) if the function g nð Þ r1, r2, . . . , rnð Þ
is different from N! N − nð Þ!Nn= , that is, we have

g nð Þ r1, r2, . . . , rnð Þ≠ N!
N − nð Þ!Nn (3:59)

This is a general characterization and needs more specification. In the next section,
we will discuss disordered system in more detail.

3.6.2 Disordered systems

A liquid can be considered as a homogeneous and isotropic bulk system. For this
case, the single-article distribution function ρ 1ð Þ r1ð Þ must be a constant, that is, the
quantity ρ 1ð Þ r1ð Þ is independent of r1. In particular, with eq. (3.54) we immediately get

ρ 1ð Þ r1ð Þ= ρ 2ð Þ r2ð Þ= � � � = ρ nð Þ rnð Þ= N
VN

= ρ (3:60)
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Within the limit [see also eq. (3.26)]

N !∞

VN ! ∞

ρ= N
VN

= const

(3:61)

we obtain for a random system (noninteracting many-particle systems) the follow-
ing relations:

ρ nð Þ r1, r2, . . . , rnð Þ= ρn (3:62)

and

g nð Þ r1, r2, . . . , rnð Þ= 1 (3:63)

Again, these are the results for noninteracting systems. For interacting objects, the
formalism can be extended easily.

Interacting objects
In the case of interacting objects, we get, using the eq. (3.60), instead of eq. (3.58)
the following equation:

ρ nð Þ r1, r2, . . . , rnð Þ= ρng nð Þ r1, r2, . . . , rnð Þ (3:64)

Then, the pair correlation function is given some simple manipulation [using eqs.
(3.52), (3.53) and (3.64)]:

gð2Þðr1, r2Þ= V2
N

ZN

ð∞
−∞

exp −
Uðr1, r2, . . . , rNÞ

kBT

� �
dr3 . . .drN (3:65)

This is a general equation for the pair correlation function and is valid for suffi-
ciently large particle number N. The corresponding expression is given within the
pair potential approximation (3.6) by

gð2Þðr1, r2Þ= V2
N

ZN

ð∞
−∞

exp −
1

2kBT

XN
i, j= 1

i≠j

υðri, rjÞ

0
BBBBB@

1
CCCCCAdr3 . . .drN (3:66)

In the theory of bulk liquids, the two-particle correlation function g 2ð Þ r1, r2ð Þ is of
most interest; it depends only on r1 − r2j j= r12 = r. Then, the pair correlation function
takes the form
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g 2ð Þ r1, r2ð Þ= gðrÞ (3:67)

It represents the probability distribution for the distances r of two particles of the
ensemble. Examples for gðrÞ are given in Figure 3.8. Of all the correlation functions,
only g(r) is accessible to experiments.

The thermodynamic functions
Within the pair potential approximation, the thermodynamic functions are expressed
by g(r) alone. The energy, the pressure and so on, of the many-particle system are de-
termined by g(r) and the pair potential υðrÞ. Although higher order correlation func-
tions are also defined within the pair potential approximation, they do not contribute
in this case. For example, in the case of simple liquids, the energy is expressed by

E = 3
2
NkBT + 2Nπρ

ð∞
0

drυ rð Þg rð Þr2 (3:68)

where the first term is the well-known mean kinetic energy, and the second term is
the mean potential energy:

1
ZN

ð∞
−∞

1
2

XN
i= 1
i≠j

υðri, rjÞ exp −
1

2kBT

XN
i, j= 1
i≠j

υðri, rjÞ

0
BBBBBB@

1
CCCCCCA
dr1 . . . drN

= 2Nπρ
Ð∞
0
drυðrÞgðrÞr2

(3:69)

The correlation functions are easily accessible by molecular dynamics calculations,
but we do not want to quote examples here.

g2(r)

1

1

1

r

a

b

c

d

Figure 3.8: The pair correlation function g2ðrÞ≡gðrÞ for several types
of many-particle systems: (a) random system of space points,
(b) hard spheres at low density (d is the diameter of the hard
spheres) and (c) typical liquid. In the case of nanosystems, the form
of the correlation functions is dependent on the distance from
surfaces.
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3.6.3 Theoretical determination of the pair correlation function

Equation (3.66) cannot be used for the determination of g 2ð Þ r1, r2ð Þ from a given pair
potential

υ ri, rj
� �

= υ rð Þ, r = rij = ri − rj
�� �� (3:70)

and this is because it is impossible to solve the high-dimensional integral, which
appears in connection with eq. (3.66). This is not possible even for small systems
like nanosystems. However, we can eliminate this problem if we perform molecular
dynamics calculations.

On the other hand, the pair potential υðri, rjÞ could be determined through the
pair correlation function gð2Þðri, rjÞ, but here, we need additional information about
the three-body correlation function gð3Þðri, rj, rkÞ. There exists a general connection
between the pair potential υðri, rjÞ, the pair correlation function gð2Þðri, rjÞ and the
three-body correlation function gð3Þðri, rj, rkÞ. In principle, υðri, rjÞ can be determined
if gð2Þðri, rjÞ and gð3Þðri, rj, rkÞ are known:

gð2Þðri, rjÞ, gð3Þðri, rj, rkÞ ! υðri, rjÞ (3:71)

Then, we have to make approximations for gð3Þðri, rj, rkÞ.
The triplet-correlation function gð3Þðri, rj, rkÞ is connected to the probability

Pð3Þðr1, r2, r3Þ (see eq. (3.49)) and the distribution function ρð3Þðr1, r2, r3Þ through the
relations

ρðnÞðr1, r2, r3Þ= N!
ðN − 3Þ! P

ðnÞðr1, r2, r3Þ (3:72)

and

ρð3Þðr1, r2, r3Þ= ρ3gð3Þðr1, r2, r3Þ (3:73)

with

Pð3Þðr1, r2, r3Þ= 1
ZN

ð∞
−∞

exp −
Uðr1, r2, . . . , rNÞ

kBT

� �
dr4 · · · drN (3:74)

where eqs. (3.52), (3.53) and (3.64) have been used. It must, however, be emphasized
that all the attempts to work within the frame of eq. (3.71) were not really successful.

The determination of the pair correlation function g 2ð Þ r1, r2ð Þ and all the higher
order correlation functions with υ rð Þ as input can be done most reliably by molecu-
lar dynamics (and of course by Monte Carlo simulations). The basic information
(3.8) can directly be used for the determination of g rð Þ= g 2ð Þ r1, r2ð Þ. Again, g(r) is a
measure of the probability that two objects of the many-particle system have the
distance r, and we can simply compute g(r) by
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g rð Þ= 1
4πr2Δr

n r,Δrð Þ
ρ

(3:75)

where ρ is the macroscopic density and n r,Δrð Þ is the density in the spherical shell
around a particle having the radii r and r +Δr. Equation (3.75) can easily be used in
connection with molecular dynamics calculations.

3.6.4 Nanosystems

Systems with surfaces and interfaces are not homogenous and isotropic. In the case
of nanosystems or semiinfinite systems, we have, in fact, surfaces and interfaces
where a large fraction of atoms/molecules are located. In those cases, the systems
cannot be described by scalar functions of the interatomic separation r= ri − rj

�� ��,
but these quantities depend on the vector field r= rij = ri − rj and on the distances
from the surrounded surfaces/interfaces. Such systems are simply not isotropic and
homogeneous as in the bulk. Such situations can be complex and are, in most
cases, not accessible to an analytical treatment. Numerical molecular dynamics cal-
culations are in the foreground here.

In the case of a semiinfinite system, which is less complex, only the vector field
r= rij = ri − rj and the distance z, as measured along the axis perpendicular to the
surface/interface, are involved.

In connection with surfaces and interfaces, the single-particle distribution function
ρ 1ð Þ rð Þ cannot be treated as a simple constant as in the case of bulk states [see eq.
(3.60)], but it is dependent on the coordinate z, but not on the coordinates x and y if we
deal with semiinfinite systems. Thus, instead of a constant, we have now the relation

ρ 1ð Þ rð Þ= ρ 1ð Þ zð Þ (3:76)

The corresponding correlation function can be defined and is, in analogy to eq. (3.64),
expressed by

ρ 1ð Þ zð Þ= ρg 1ð Þ zð Þ (3:77)

Also, the function g 1ð Þ zð Þ is interpreted in terms of probabilities: g 1ð Þ zð Þ is the proba-
bility that an object of the system is between the vertical positions z and z + dz. This
function can be used for density considerations, that is, it reflects the density profile
within the surface/interface zone. In principle, g 1ð Þ zð Þ is accessible to experiments.

Furthermore, the two-particle distribution function for systems, which are not
isotropic and homogeneous, must be expressed in the form of

ρ 2ð Þ ri − rj
� �

= ρ 2ð Þ zi, zj, ri − rj
�� ��� �

(3:78)
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that is, this function cannot be treated as a quantity that is only dependent on the
distance r= ri − rj

�� �� as in the case of an isotropic and homogeneous bulk system, but
is dependent on the distances zi and zj as well, where zi and zj are the distances of
the objects i and j from the surface/interface.

That is, many-particle systems with surface/interface, in particular nanosys-
tems, are dependent on their relative distance ri − rj

�� �� and their distances zi and zj
from the surface/interface. This is expressed by eq. (3.78).

Clearly, the inhomogeneity in the surface/interface zone leads to the effect that
the single-particle distribution function ρ 1ð Þ rð Þ is not a constant as in the case of dis-
ordered bulk systems.

Semiinfinite systems are relatively simple. In nanoscience, the systems are usu-
ally more complex. Nanoclusters are not semiinfinite in character. As we have re-
marked several times, the most reliable method to analyze the structure of such
systems is molecular dynamics. The resulting information (3.8) can directly be used
for the calculation of correlation functions like g 1ð Þ zð Þ.

An example for a simple nanocluster is given in Figure 3.9 [15]. In Figure 3.9, the
single-particle correlation function for nanoclusters is shown. They consist of N = 500
krypton atoms; for krypton a realistic pair potential exists (Section 3.5.3), which has
been used in the molecular dynamics calculations presented here. Figure 3.9 shows
the results for two temperatures: T = 20K and T = 85 K. The structural effects are large,

N = 500

2

1

g1(Z)

0

–10 0 10 20

Z [Å]

30 40
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2

1

g1(Z)

0

–10 0 10 20

Z [Å]

30 40

T = 85 K

Figure 3.9: Single-particle correlation function g 1ð Þ zð Þ (z is the coordinate perpendicular to the
surfaces) for simple nanoclusters consisting of N = 500 krypton atoms at T = 20 K and T = 85 K. The
structural changes within the clusters are large and they are strongly dependent on temperature,
although the melting temperature for the bulk is 116 K (© 2011, American Scientific Publishers).
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although the temperatures are below the melting temperature of krypton in the bulk,
which is 116 K.

In the calculation for T = 20 K, we recognize that g 1ð Þ zð Þ mainly takes values of
one. This structure of g 1ð Þ zð Þ= 1 means that the local density is (almost) identical with
the macroscopic density ρ of the bulk. In the surface region, the thermal expansion
becomes relevant. Here, thermal expansion is relatively large leading to a relatively
smooth transition from g 1ð Þ zð Þ= 1 to g 1ð Þ zð Þ=0. Clearly, the large thermal expansion re-
flects the fact that there are strong anharmonicities. The reason for that is obvious: The
mean-square amplitudes of the atoms/molecules increase strongly in the surface re-
gion, that is, the mean-square amplitudes are significantly larger at the surface than in
the bulk of the system. This makes it clear that anharmonic effects are effective; in
such cases, the harmonic approximation is limited to (very) low temperatures.

In the case of 85 K, the local density inside the cluster is significantly larger
than in the case of the bulk state. On the other hand, the surface region, where the
transition from g 1ð Þ zð Þ= 1 to g 1ð Þ zð Þ=0 takes place, is more extended than for the
lower temperature (T = 20 K). In other words, there is a relatively large region in
which the cluster density is distinctly smaller than the bulk density ρ, and this situ-
ation leads to the effect that the cluster is highly disordered in the surface region
and has no similarity with a crystalline solid, although the temperature is far below
the melting temperature (T = 116 K).

Furthermore, there are diffusion processes. The analysis of the molecular dy-
namics date shows that the diffusion constant within the surface region is relatively
large, larger than in the case of the liquid in the bulk and also larger than for semi-
infinite surfaces in a state which shows the effect of premelting.

All that indicates that the study of single-particle correlation functions is useful
just for the structural analysis of nanosystems. Numerical studies on the basis of
molecular dynamics models are here in the foreground.

3.6.5 The dynamics of nanosystems

In solid-state physics, the phonon concept, often denoted as standard model of solid-
state physics, is of particular interest. The dynamics of an ordered crystal is completely
described by noninteracting phonons. This conception is, however, strictly restricted to
the harmonic approximation.

3.6.6 The dynamical matrix

Let us consider, for example, a monatomic many-particle system. The equation of
motion for the kth atom (molecule) having the mass m is expressed in the harmonic
approximation by
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€uki +
1
m

X
l, j

ϕk
i
l
ju

l
j =0 ; i= x, y, z (3:79)

where ϕk
i
l
j are the force constants and uki is the ith component of the time-

dependent displacement from the mean position rk0.
The solutions of eq. (3.79) have the form of three-dimensional Bloch functions

if the system is infinite, that is, if we work with a system without surface. The Bloch
functions are relatively simple and are expressed through

uki ∝ exp iðq · rk0 −ωτÞ� �
(3:80)

The phonon density of states is relevant here. It is straightforward to extract the
phonon density of states g ωð Þ from the dispersion curves ω=ω qð Þ, which are acces-
sible to measurements.

In the case of systems with free surfaces (semiinfinite crystal), there is only two-
dimensional invariance, and this has consequences for the force constants. There is
only a two-dimensional invariance of the force constants and this implies that the nor-
mal mode solutions, eq. (3.80), have the form of two-dimensional Bloch functions.

3.6.7 The anharmonic case

As we have already outlined, the harmonic approximation does not work for a lot of
systems. In particular, to those with surface like nanosystems. Here, the harmonic
approximation often breaks down already far below the melting temperature, and
the phonon picture cannot be applied. Phonons are even not the starting point for
the description of the particle dynamics and we have to choose new approaches
without the phonon conception as background.

Liquids in the bulk, semiinfinite systems with one surface (for example, nano-
films) as well as small nanosystems show in general strong anharmonic behavior
even at low temperatures. Nanoclusters (Figure 3.9) are typical examples. In all
these cases, the anharmonicities cannot be considered as small perturbations. We
have to apply statistical mechanics.

Concerning the dynamics, “time correlation functions” are in the center. The
distributions in space have been treated also through correlation functions, and the
pair correlation function is here of particular relevance.

3.6.8 Time correlation functions

Let us start with some definitions. In the analysis of many-particle systems, time
correlation functions of type
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a τ′
� �

b τ′′
� �� �

(3:81)

are of interest, where

a τ′
� �

= a q τ′
� �

, p τ′
� �� �

,
b τ′′
� �

=b q τ′′
� �

, p τ′′
� �� � (3:82)

Here, τ′ and τ′′ are time values, which are in general different from each other, that
is, we have

τ′≠ τ′′ (3:83)

The angular brackets � � �h i in eq. (3.81) denote statistical averaging within the frame
of thermodynamics on the basis of ensembles. This point has been outlined in
Section 3.4 in connection with molecular dynamics calculations; various ensembles
have been introduced in Section 3.4.

The time evolution of a many-particle system is given in statistical mechanics
by the operator Ŝ τð Þ and is defined as follows:

a q τ′
� �

, p τ′
� �� �

= Ŝ τ′− τ′′
� �

a q τ′′
� �

, p τ′′
� �� �

(3:84)

where Ŝ τð Þ can be written in terms of the well-known Liouville operator L̂ as follows

Ŝ τð Þ= exp iL̂τ
	 


(3:85)

with

L̂= i
X3N
i= 1

∂H
∂qi

∂

∂pi
−
∂H
∂pi

∂

∂qi

� �
(3:86)

where qi and pi denote again all the 3N coordinates and the 3N momentums of the
system. The quantities qi and pi have been introduced in Section 3.4 and represent
the most basic and complete information about a classical many-particle system.
When we have qi and pi, we have everything about a many-particle system under
investigation.

In general, it is difficult to determine the time evolution of nanosystems and
other systems on the basis of law (3.85). However, with information (3.8) that fol-
lows from molecular dynamics information, it is relatively easy to calculate correla-
tion functions of type (3.81). However, in this monograph, we will not deepen this
point, but we refer to the literature.

In connection with time correlation functions (3.81), it is important to mention
that this kind of functions are not dependent on the time origin, that is, in eq. (3.81)
not τ′ and τ′′ are relevant but τ′′− τ′:
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a τ′
� �

b τ′′
� �� �

= a 0ð Þb τ′′− τ′
� �� �

(3:87)

The fact that time correlation functions are not dependent on the time origin is an
important point.

3.6.9 Generalized phonon density of states

Let us discuss an important example: With að0Þ=vð0Þ and bðτÞ= vðτÞ, we get, with
eq. (3.81), the velocity autocorrelation function

’ðτÞ= hvð0Þ · vðτÞi (3:88)

which is given in normalized form by

ϕðτÞ= hvð0Þ · vðτÞihvð0Þ2i (3:89)

where v τð Þ is the velocity at time τ for one atom of the many-particle system (ensemble).
In connection with the velocity autocorrelation function, the Fourier transform is rele-
vant. With the property ϕ τð Þ=ϕ − τð Þ, the Fourier transform of ϕðτÞ is given by

f ðωÞ= 2
π

ð∞
0

ϕðτÞ cosωτdτ (3:90)

where f(ω) is normalized to unity:

ð∞
0

f ωð Þdω= 1 (3:91)

The Fourier transform f ðωÞ has a definite meaning. In the case of the harmonic
solid, the frequency spectrum f ðωÞ is just the spectrum of the normal modes, that
is, the phonons. The function f ðωÞ is often called “generalized phonon density of
states.”

The frequency spectrum f ðωÞ, defined by eq. (3.90), is a quite general quantity
and is, in particular, applicable to systems with strong anharmonicities like
nanosystems.

The generalized phonon density of states f ðωÞ describes the complete dynamics
of the many-particle system under investigation and is not restricted to the har-
monic case, that is, all kinds of dynamical excitations are included and even diffu-
sion processes are involved. The diffusion constant is directly expressed by f ðωÞ:

D= kBTπ
2m

f ðω=0Þ (3:92)
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Using f ðωÞ in the description of the dynamics, no problems appear in connection
with systems with surfaces where the dynamical matrix solutions for the calculation
of the modes are obviously not complete.

Molecular dynamics results
Molecular dynamics results for the generalized phonon density of states are shown
in Figure 3.10. These are the curves for krypton clusters consisting of 500 atoms at
T = 20K and T = 85K. The nanoclusters have an atomic structure that are shown in
Figure 3.9.

The result for T = 20K shows that the velocity correlations are long-living compared
to the correlations at T = 85K. Therefore, in the calculation of f ωð Þ by eq. (3.90), the
cut-off effects in the calculation of the integral for the T = 20K case are larger than

0.2

0.1

0

0 4 8
ω [1012 sec–1]

f (
ω)

 [1
0–1

2  s
ec

]

12 16

N = 500
T = 20 K

(a)

(b)

20

0.2

0.1

0

0 4 8
ω [1012 sec–1]

f (
ω)

 [1
0–1

2  s
ec

]

12 16

N = 500
T = 85 K

20

Figure 3.10: Generalized phonon density of states. Molecular dynamics results for krypton
nanoclusters consisting of N= 500 atoms particles. The calculations have been done for T = 20K
(figure a) and T =85K (figure b). The corresponding structures for these systems are given in
Figure 3.9 (© 2011, American Scientific Publishers).
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for T = 85K. For example, at T = 20K the value f ω=0ð Þ becomes negative, although
f ωð Þ must be a positive definite quantity.

With increasing temperature, the generalized phonon density of states is
shifted to low frequencies. This is particularly reflected in the value for the diffusion
coefficient, which has been determined by eq. (3.92). The diffusion coefficient D
takes at T = 85K the value of D=0.92× 10− 5 cm2=s. This value reflects an average
over all N = 500 particles. However, the inner particles of the cluster are less mobile
than those at the surface. The reason is obvious and is explained through the rela-
tively large particle density in the inner of the cluster (see Figure 3.9).

The generalized phonon density of states for the bulk is shown in Figure 3.11 for
two temperatures. The results are based on molecular dynamics calculations. Also,
here the calculations have been performed for 500 krypton atoms. To avoid surface
effects, periodic boundary conditions were imposed on the systems. Figure 3.11
shows the results for T = 7 K (a) and T = 102 K (b). The melting temperature is 116 K.
The arrows in Figure 3.11 T = 7 Kð Þ indicate the positions of the peaks in f ωð Þ, which
have been obtained on the basis of a three-nearest-neighbor fit to experimental dis-
persion curves. The positions of the peaks obtained by molecular dynamics are the
same, indicating that the calculations are realistic.

3.6.10 On the modeling of the generalized phonon density of states

As we remarked several times, molecular dynamics calculations are important for
systems with strong anharmonicities since the anharmonicities are treated without
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Figure 3.11: Generalized phonon density of states. Molecular dynamics results for krypton in the
bulk having 500 atoms. The calculations have been done for T = 7 K (a) and T = 102 K (b). The
melting temperature is TS = 116 K (© 2011, American Scientific Publishers).
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approximations. Therefore, the most reliable results for the velocity autocorrelation
function ϕðτÞ [eq. (3.89)] could be obtained on the basis on molecular dynamics
calculations.

On the other hand, in the theoretical modelling of ϕðτÞ the so-called memory
function ΓðτÞ could be of interest for nanosystems. So far, the memory function ΓðτÞ
has been used for the description of ϕðτÞ in the liquid state. ΓðτÞ is related to ϕðτÞ
by the well-known integrodifferential equation

dϕðτÞ
dt

+
ðτ
0

Γðτ− τ′ Þϕðτ′Þdτ′=0 (3:93)

and ΓðτÞ is given by

ΓðtÞ=
<v· exp itð1− P̂Þ L̂N

n o
v· >

<vð0Þ2 > (3:94)

where P̂ is a projection operator, and is defined through

P̂G q, pð Þ=v
1
ZN

exp −
H
kBT

� � ð∞
−∞

dq′dp′v ·G q′, p′
� �

(3:95)

G q, pð Þ is a phase function and L̂N is again the classical Liouville operator given by
eq. (3.86).

Concerning the memory function ΓðτÞ, we do not want discuss the details here,
but let us nevertheless give few remarks: Langevin diffusion is described by a delta
function:

ΓðτÞ=CL δðτÞ (3:96)

where CL is a constant characterizing of the diffusion process.
On the other hand, in the case of the well-known Einstein oscillator, the mem-

ory function takes a constant value:

ΓðτÞ= const (3:97)

The realistic case for nanosystems should be just between these two cases, that is,
between a liquid and a solid. In this way, we can construct models for the general-
ized phonon density states with the help of the memory function ΓðτÞ, and vibra-
tional aspects can be simply combined with diffusion effects, independent of the
structure of the system under investigation. But it must be underlined that the most
realistic way to determine f ωð Þ is by molecular dynamics calculations.
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3.7 Nanoengineering

So far, the general procedures for designing molecular dynamics models have been
discussed without any specific condition regarding the shape of the nanosystem. In
many cases, single and simple-shaped objects are of interest; cubical nanoclusters is
an example. In such cases, the setup of an appropriate molecular dynamics model is
relatively easy.

3.7.1 Complex nanomodels

However, in the field of nanoengineering, such simple objects are only of minor interest.
Within nanoengineering, structures with complex shapes or the interactions of various
nanosubsystems play an important role. Already, cluster–cluster or surface–cluster in-
teractions represent complex situations. Just in these and similar cases, the molecular
dynamics method is an indispensable tool. Analytical models can be excluded in such
complex cases. For the study of nanomachines, the molecular dynamics models have to
contain moving parts in addition to parts of miscellaneous materials.

In contrast to common mechanical engineering, the preparation of nanomodels
is done under specific procedures. For usual nanomodels, the initial atomic posi-
tions are chosen in accordance with the perfect lattice structure that corresponds to
a temperature of 0 K. The next step is to accelerate the atoms until an equilibrium is
reached according to a prescribed specific model temperature. Such an equilibra-
tion with respect to a desired temperature is performed during a sufficient number
of molecular dynamics calculation steps by rescaling the velocities of all particles:

vi tð Þ  
ffiffiffiffiffi
Td

T

r
vi tð Þ, i= 1, . . . ,N (3:98)

In eq. (3.98), Td is the desired temperature, and T and vi are the current values for
the temperature and N is the number of velocity vectors.

3.7.2 Nanoengineering and common mechanical engineering

The initial molecular dynamics model, according to the perfect lattice structure, is not a
stable, stationary configuration but, due to the temperature and the necessary equilibra-
tion process, the outer shape normally takes a disturbed geometry. Figure 3.12 illustrates
the typical design steps in the case of a metallic nanostructure. First, a computer-aided
design (CAD) model is established, which defines the rough layout in accordance with
common mechanical engineering. After that, the molecular dynamics model is created
by filling the CAD model with atoms. Then, the atoms are accelerated until the desired
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temperature is reached. Finally, the realistic nanostructure results from the equilibration
process which applies a prescribed temperature to the molecular dynamics model.

Figure 3.12 shows that the shape of the realistic atomic model with a certain tem-
perature differs significantly from the CAD model, which simulates the macroscopic
case.

The atomic positions of the molecular dynamics model have been chosen with
respect to the perfect lattice structure. Such a structure is a stable configuration in
the macroscopic realms but not for nanometer-sized systems. The atoms of the mo-
lecular dynamics model rearrange their positions during the equilibration phase
until a stable configuration is reached (Figure 3.12(c)). This leads most often to
quite different shapes in comparison to the initial input shape.

In conclusion, in comparison to common mechanical engineering, nanodesigning
strongly depends on the outer shape of the considered system and, therefore, nanode-
sign is different from the usual construction conception of macroscopic technology. No
doubt, this is relevant. In the next section, we would like to deepen this point.

3.7.3 Constructions at various levels

Macroscopic systems
Let us consider a macroscopic system as, for example, a car which represents a
macroscopic machine. If we work below the melting temperature, the shape of the
various parts of the car do not vary with temperature. Clearly, we have certain ther-
mal expansions but this effect can be considered in good approximation as a uni-
form effect and does not affect the shapes of the workpieces.

Figure 3.12: Design of realistic nanosystems consisting of aluminum
atoms (ions). (a) There are three steps within this process: first, a CAD
model has to be produced. (b) After that, the molecular dynamics
model is created by filling the CAD structure with 1958 aluminum
atoms. (c) Then the atoms are accelerated until the desired
temperature is reached, in this case 300K (© 2006, American
Scientific Publishers).
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Furthermore, the shape of a certain workpiece of the car is hardly or not influ-
enced by the other car workpieces around it. This is a relevant point in connection
with the production of macroscopic machines, in this case the car.

In other words, the shape of the isolated workpiece is exactly the same as in
the composed state of the machine. So, the production of a certain part of a macro-
scopic machine may be done independently from the other parts forming the mac-
roscopic machine, that is, in our example the car.

In conclusion, the parts of a macroscopic machine can be treated in all cases as
continuous blocks without the consideration of the atomic structure. In particular,
their shapes are practically not dependent on temperature and are also not influ-
enced by the other parts of the machine. All that appears to be trivial and is seen by
human beings as a matter of course. Our constructions of everyday life are based on
this feature.

The bulk states are equivalent to what we have discussed with respect to macro-
scopic machines. In the case of the bulk states, the number of surface atoms is relatively
small, and we have the situation as in the case of macroscopic machines, although we
deal here with relatively small, microscopic systems with atomic structure.

Let us underline once again that the shapes of the parts of a macroscopic ma-
chine do not vary with temperature. The effect of thermal expansion is not relevant
here because it produces a uniform effect which does not affect the shapes of the
workpieces. Also, the bulk states of a nanosystem are influenced by temperature,
but also here only the thermal expansion is relevant.

As we have already outlined, in the case of macroscopic machines the shape of
a certain workpiece is not influenced by the other workpieces around it. This must
have relevant consequences. All parts of a macroscopic machine can be produced
separately, that is, the other workpieces around it have not to be considered when a
specific workpiece is under production.

The situation is really simple: If the macroscopic machine consists of n different
parts, we produce each of the n parts independently from the others. After this pro-
cess we can put these n parts together in order to get the macroscopic machine.

However, this procedure does not work in the case of nanosystems as, for ex-
ample, a nanomachine. Here the situation is quite different. Let us briefly discuss
this point.

Within the nanomachine, the atomic structure of a certain part, “surrounded”
by other parts of the nanomachine, might have for example the shape given in
Figure 3.12(b), which is however not identical with the shape of an “isolated”
atomic structure, given for example in Figure 3.12(c).

In other words, within the nanorealm, the surroundings have an influence on
the shape. All parts are assumed to have the same temperature Ta. Though the
other parts of the nanomachine, the single parts are more or less in bulk-states.
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Isolated parts and surrounded parts
In conclusion, the structure in Figure 3.12(b), which is thought to be embedded within
the nanomachine, develops differently from the case without surroundings. In other
words, the outer shape of a certain part of a nanomachine is dependent on the sur-
roundings, that is, whether it develops together with the other parts of the machine or
without them. Again, the temperatures of the structures in Figure 3.12(b) and (c) are as-
sumed to be identical.

In other words, the isolated part is different from that, which is surrounded by
the other parts of the nanomachine. That is, such a system cannot be used for the
composition of a nanomachine, because it is not identical with that inside the
nanomachine.

A certain part of the nanosystem, which is surrounded by the other parts of the
nanomachine, might have the shape given in Figure 3.12(b). However, if the same
system is isolated, we obtain another shape for this part of the nanosystem (see
Figure 3.12(c)). Both pieces are assumed to have the same temperature Ta.

Let us repeat:
The isolated part is different from that, which is surrounded by the other parts of
the nanomachine. In other words, this system cannot be used for the composition
of the nanomachine, because it is not identical with that inside the nanomachine.

This must have consequences. Parts of macroscopic machines can be ex-
changed. If the engine of a car is defect, it can be exchanged without any problem
by a new engine. However, this is not possible at the nanolevel. Such a procedure
does not work here. The reason for that has been just discussed. Because the shape
of a part inside a nanomachine is different from that outside the machine, which is
not surrounded by other parts, an exchange is not possible. As is demonstrated in
Figure 3.12, this fact is due to the unavoidable temperature. The nanoreality is in
fact different from the macroscopic world

3.7.4 Nanomachines

So far, the production of real nanomachines is not yet a topic of industry and has
even in science not yet been performed. But it is a mostly important to perform mo-
lecular dynamics calculations for specific nanomachines. How and under what con-
ditions do nanomachines work? The answering of this and further questions is of
scientific and technological relevance, regardless of the question of how to assem-
ble nanomachines in reality.
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Nanoturbine
An example of such a study is presented in Figure 3.13. This is a nanomodel for a
simple turbine consisting of a paddle wheel with an axle and two bearings resting
on a substrate. The propulsion of the turbine could be established by a particle or
laser beam [2, 15].

When comparing Figure 3.13(a) with Figure 3.13(b), the differences between com-
mon mechanical engineering and the nanodesign are recognized immediately.
While mechanical engineering usually works with sharp edges and smooth surfaces
(Figure 3.13(a)), nanodesign and nanoengineering, respectively, are dominated by
single atoms, which exhibit the typical grainy appearance of nanostructures. In par-
ticular, tolerances may be kept very small within mechanical engineering but, due

Figure 3.13: A simple nanoengineered turbine. The nanoturbine consists of a paddle wheel with an
axle and two bearings. (a) Mechanically engineered model built with a common CAD software.
(b) Perspective view and cross section of the molecular dynamics model with its atomic structure.
The paddle wheel rotates with 5 × 1010 revolutions per second. (c) The number of revolutions is
increased to 1011 per second and the paddle wheel ruptures. The side views of both situations are
shown in (d) and (e): For (b) in (d) and for (c) in (e). The bearings (blue) consist of 4,592 silicon
atoms, each with ideal shaped surfaces. The bearings have been treated as rigid objects within the
molecular dynamics calculations, and this is possible because of the strong covalent bonds of
silicon. The axle with the attached paddle wheel (light green) consists of 5,226 aluminum atoms
and for the substrate (green) krypton atoms have been chosen (© 2006, American Scientific
Publishers).
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to the atomic structure, nanodesign allows to measure only in certain steps, dic-
tated by the atomic overall structure, that is, the steps depend on the according ma-
terial. Therefore, the fit of axle and bearing is rather loose, as can be recognized by
the cross sections of Figure 3.13. However, the molecular dynamics studies have
shown that such nanoturbines could be working stable for revolutions of up to
about 5× 1010 per second. This is in fact a lot.

Electrical nanogenerator
Another computational molecular dynamics model in the field of nanoengineering
is represented in Figure 3.14. It is an electric power generator [2, 15] with a simple
structure: It consists of one winding, which is stabilized by an isolating kernel. The
kernel rotates between two bearings. It might be driven in various ways: Either by a
nanoturbine similar to that of Figure 3.13 or by attaching paddles to the rotor kernel
for propulsion with laser or particle beams. Such a nanogenerator would be able to
perform a large number of revolutions. Stable operations of about 5× 109 revolu-
tions per second would be possible, which is based on the model calculations. With
the magnetic field of the earth alone, an electrical voltage of about 10−11 V between
the axles could be predicted. It is demonstrated in Figure 3.15 that the designed
generator is very small.

The straight line in Figure 3.15 is the hair. The nanogenerator could be posi-
tioned on a very small area of the hair. The hair has a diameter of 80000 nm. On
the other hand, the nanogenerator has an extension of 20 nm. In other words, the
diameter of the hair is 4000 times larger than the size of the nanogenerator This
situation is almost unimaginable. Another example is instructive as well: approxi-
mately 1 million of such electrical nanogenerators could be arranged side by side
within a space interval of 1 cm.

Also, the number of revolutions per second is tremendous. The number for the
revolutions per second is 109. If the wheels of a car could rotate with such a large
number of revolutions, the car would circle the earth more than 80 times in a second.
This is unimaginable.

3.7.5 Wear at the nanolevel

Within the frame of molecular dynamics, we deal with Hamiltonian systems. Here fric-
tion in the macroscopic sense is not defined. At the microscopic, molecular dynamics
level, the forces are formulated in terms of structural configurations (particle posi-
tions), but they are not dependent on the particle velocities. Therefore, a force which is
proportional to the velocity cannot be introduced at the nanolevel and, therefore, a fric-
tion constant in the macroscopic sense is not definable here. This is valid at the micro-
scopic level of modern materials research. In the case of non-Hamiltonian systems,
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friction can be studied by nonequilibrium molecular dynamics; this topic will not be
discussed in in this monograph, but is indicated in Section 2.5.

At the nanolevel, wear can be understood in terms of specific complex processes.
Let us underline this point by means of an example: Figure 3.16 shows a molecular
dynamics model for a wheel which is pressed on a surface with atomic structure. The
wheel rotates with 1012 revolutions per second and it has a temperature of 300 K. The
wheel has a diameter of approximately 10 nm. Wear effects emerge when the wheel
is pressed on the surface. According to the magnitude of the force vertically applied,
the wheel can even be destroyed, as can be recognized in Figure 3.16.

Figure 3.14: Nanogenerator for electric power: (a) The single parts of the machine consist of a
winding with axles, an isolating kernel, and the substrate. (b) The assembled nanogenerator is
able to rotate with 5× 109 revolutions per second. The winding consists of 25.433 aluminum atoms
and the rotor kernel has been assembled of 11.341 krypton atoms. The bearings are made of silicon
and are treated in the calculations as rigid objects (© 2006, American Scientific Publishers).
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Figure 3.15: The figure shows the electric nanogenerator in comparison to a hair. The size of the
generator is approximately 20 nm; the hair shown here has a diameter of 80 μm, that is, the
diameter of the hair is 4,000 times larger than the size of the nanogenerator (© 2006, American
Scientific Publishers).

Figure 3.16: A molecular dynamics model for a wheel consisting of aluminum atoms. It rotates with
1012 rev/s and its diameter is approximately 10 nm. The wheel is pressed on a surface and wear
effects emerge. According to the magnitude of the force vertically applied, the wheel can even be
destroyed, as can be seen in the figures. The forces increase when we proceed from (a) to (d)
(© 2004, American Scientific Publishers).
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In summary, friction (wear) at the microscopic level is a complex process and
cannot be characterized by only one constant (velocity). This process has nothing to
do with what we call friction in the macroscopic realm. In our example (Figure 3.16),
wear is dependent on the specific atomic structure of the surface and also on the
wheel design.

3.8 Summary and final remarks

In nanoscience, we work at the “ultimate” level at which the properties of matter
emerge. What kind of reality do we have here? This question has to be answered,
especially when we consider effects at the ultimate level in nanoscience.

The starting point of the quantitative treatment of physical problems was
Newton’s classical mechanics more than 300 years ago. On what kind of reality is
Newton’s theory based? For Newton, the reality was what he had directly before his
eyes. Within this view, reality is a “container” in which the material world is em-
bedded. The container itself is just what we experience as space. The traditional
form of quantum theory works also within this container model. But do we really
have a world before us that is filled with material entities?

3.8.1 Classical descriptions

We know that this container model of traditional physics does not fulfill relevant
items of nature [15]. The so-called projection principle is obviously more realistic
and more sophisticated.

Nevertheless, the classical container model works well in most cases. We, there-
fore, discussed in this section about nanosystems within classical physics on the
basis of the container model. Let us briefly underline the main differences between
the container model and the projection principle.

The following features are relevant: Within the container model, we have physi-
cally real (material) objects directly before our eyes. Within the frame of the projec-
tion principle, we have geometrical entities before us. As can be argued convincingly
[15], both views do not violate the direct observations.

The notion “time” is a relevant factor in nanoscience, just at the quantum level.
However, certain aspects in nanoscience seem to be described well on the basis of
the external time (clock time) τ alone, and the container model becomes relevant.
This model is not used in applications because of its ingeniousness, but it simply
works well in certain cases without explicitly to know why. In fact, it has been ap-
plied intensively for the analysis of various nanosystems, and it will certainly be
used in the future. The container model belongs therefore to the tools of modern
nanoscience, even when the future will rather be concentrated on the projection
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principle. This is the pragmatic standpoint, but this perspective can be justified be-
cause the container model works properly in specific cases, just then when we deal
with classical many-particle systems; here the molecular dynamics method is rele-
vant. In this chapter the essentials of molecular dynamics have been discussed, the
principles and applications.

3.8.2 Molecular dynamics

The molecular dynamics method has often been used in the description of nanosys-
tems. Here, Newton’s equations of motion are solved by iteration. As input, we need
the interaction potentials between the members of the many-particle system. We dis-
tinguished between four basic interaction types: Ionic interactions, metallic bonds,
van der Waals interactions and covalent bonds. Phenomenological potentials (e.g.,
the Morse potential) have often been used in molecular dynamics calculations.

The properties of such systems are very sensitive to small potential variations.
Therefore, for the description of system properties the interaction laws have to be
modelled very carefully.

The molecular dynamics method is based on the container model and Newton’s
mechanistic world view. The many-particle systems (nanosystems) can be treated by
classical mechanics if the temperature of the system under investigation is large
enough, that is, the properties of the systems can be often determined on the basis of
Newton’s equations of motion. We know that this conception is not realistic but it
works. There are obviously compensating effects with respect to certain assumptions.

3.8.3 The ultimate level

In nanoscience (nanotechnology), matter in the form of many-particle systems is
described at the smallest level at which functional matter (condensed matter) can
exist: It is in fact the “ultimate level” where the properties of materials emerge.
Here we deal with the atomic/molecular level, and there is no scientific level above
this level that would be relevant for nanoscience.

Most basic biological structures such as DNA, enzymes and proteins also work
at this nanoscale, building up, molecule by molecule, macroscopic biological sys-
tems we call trees, humans and so on, with their typical intimate features.

3.8.4 Structure and dynamics at the nanolevel

Nanosystems are in general not crystalline. A great fraction of atoms/molecules are
located near surfaces (interfaces) and, due to the strong anharmonicities at
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surfaces, the structure of nanosystems is disturbed and we need correlation
functions for the structure description. The pair correlation function is important
here but the single particle correlation function as well.

Also, the particle dynamics cannot be described by phonons but we have to use
the so-called generalized phonon density of states, which is defined through the ve-
locity autocorrelation function.

Specific material properties of nanosystems can be essentially different from
the corresponding properties of macroscopic systems (the solid in the bulk). This
has been demonstrated in connection with the thermal stability and the melting
temperature of specific nanostructures. An essential reason for this tendency is the
fact that a great fraction of the particles (atoms, molecules) of such small systems
belong to the surface region and the surface particles are less bonded than the par-
ticles in the bulk, leading to relatively strong anharmonicities even at low temper-
atures, that is, far below the melting temperature.

Even the melting process takes place far below the bulk melting temperature.
The thermal behavior of such systems is a complex function of the particle num-
ber and the outer shape of the systems. This must have consequences for the theo-
retical description of the material properties for systems of nanometer size.

We investigated, as an example, an electrical nanogenerator, which is relatively
complex, but it is nevertheless very small. The size of this nanogenerator is approxi-
mately 4,000 times smaller than a hair (see Figure 3.15). The nanogenerator with all
its parts is represented in Figure 3.14.

Nevertheless, the classical treatment of nanosystem is in many cases not suffi-
cient, that is, nanosystems have to be considered, in general, as quantum systems.

In this connection, it is important to remark already here that the usual form of
quantum theory has to be expanded in order to obtain reliable descriptions. This is
particularly obvious in the case of “self-organizing processes.” Self-organizing pro-
cesses belong to the heart of nanoscience and we cannot resign on them in this
field.
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Chapter 4
Mind, brain, reality and nanoscience

For human beings and other living biological systems, the “observation” of the
world outside is a relevant concern. Observations are the basis for “activities” in
the environment of the living system in order to improve life and to avoid biodes-
truction. An observation and an activity as well can occur spontaneously, but they
are in most cases done on the footing of conscious decisions. In other words, the
material environment is changed in connection with mind states.

Matter and mind are somehow interrelated. But how? No doubt, this is an im-
portant question and has to be analyzed critically and carefully as well. In particu-
lar, the role of the brain needs to be elucidated, which is, as we know, a relevant
connector in this case.

It is planned to manipulate brain functions at the nanolevel and, as we re-
marked in Chapter 1, the nanolevel reflects the ultimate level where the properties
of condensed matter emerge. In other words, basic changes are planned and we
have to know what we do and, therefore, we must find out what the notions “mind”
and “brain” in connection with matter constitute. This is essential because these
entities are of particular relevance for observations and activities. As we remarked,
observations and activities are of vital interest for human beings and for other bio-
logical systems as well.

We know from behavior research that the observation activity realm is species
dependent (Chapter 1): a turkey assesses the world outside differently than a
human being, obviously quite differently. The results of Wolfgang Schleidt’s ex-
periments surprised the scientific community, and they are a mystery up to the
present day. All that demonstrates that the traditional conceptions concerning the
mind–brain–matter complex is still incomplete and not usable, respectively. We
therefore need more sophisticated scientific conceptions for the solution of the
mind–brain–matter problem.

The following questions arise: What is an observation? How is an activity ex-
plained within the frame of the complex consisting of matter, mind and brain? How
are space and time inserted?

We definitely know that the entities matter, mind and brain exist and we know
as well that space and time are of particular relevance. But how is this complex or-
dered? How are these entities arranged relative to each other? What are the connec-
tions between them? These questions have to be answered seriously before we try
to manipulate brain functions at the nanolevel.

In this chapter, we discuss these and similar questions. We treat these points in
connection with traditional views and new aspects, which are quoted in recent liter-
ature. We do not primarily consider the matter–mind–brain realm as a philosophi-
cal problem but rather as a question of practical relevance. For nanoscience, the
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“interrelations” between matter, mind and brain are of interest. We treat the prob-
lem with respect to this aspect and find in this way the features, which connect
matter, mind and brain as conditions so to speak. Such kind of information (condi-
tions) is relevant for the nanorealm. What matter, mind and brain actually consti-
tute in detail is not in the foreground here and must not be deduced within this
frame.

4.1 Relationships

The impact of nanoscience (nanotechnology) will be tremendous and will influence
our future dramatically. The manipulation of atoms and molecules will allow the de-
velopment of completely new technological worlds: electronic nanodevices, nanoma-
chines and changing brain functions. Nanotechnology will particularly develop
fundamentally new possibilities in the field of medicine. Just in the case of nanobio-
technology, big changes are expected already in the near future. In particular, the
changing of brain functions will be a challenge and needs sophisticated conceptions.

But do we really know what we try to do? Does the traditional physics really
deliver adequate tools for such far-reaching interventions? Just the planned
changes of “brain functions” throw up fundamental questions. What is the brain?
What is its relation to that what we call “mind”? How are the brain and mind con-
nected to physical (material) reality? We would like to answer these questions
within the framework of the “projection principle.” Remarks with respect to the tra-
ditional view (container model) are included.

4.1.1 Three facts

Nanoscience works at the ultimate level. As we have outlined in Chapter 1, this fact
requires a reliable “basic conception” for the description of nanoproperties. The tra-
ditional view, based on the container model, does not allow the comprehensive treat-
ment of the facts at the nanolevel; this model is simply too rudimentary. The lack of a
quantum time is an essential example (Chapter 1). This point indicates that we need
quite generally a more sophisticated view, in particular for the theoretical description
at the nanolevel. The nanotechnological treatment of brain functions belongs to this
category and is without any doubt a big challenge. An extension of the traditional
view is required.

There are three characteristic facts that are equally experienced by each human
being in everyday life. Let us first quote them, and after that we will analyze them
adequately.
1. At time (clock time) τ we have objects directly before our eyes that are located

in space. When we touch an object, for example a stone, we “feel” it, and we
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are convinced that this object (stone) reflects a “material” state. The stone is
considered as “matter.” Theoretical physics is not involved yet.

2. Independently from these matter experiences, which are defined as x, y, z, τ
structures before us and reflect unconscious phenomena, the effect of “think-
ing” is a real phenomenon. Thinking exists independently from the matter im-
pression that we have at clock time τ before our eyes. Thinking takes place in
the mind, and the creations of mind do not appear as picture before us, but ap-
pear as phantasy.

3. Whether the mind is made of matter or not is not touched through these direct
experiences. Also the role of the brain, in particular its relation to the mind, is
not explicitly considered within this direct view.

4. Ideas are mind activities and can therefore be considered as entities of the
mind. Due to an “idea” the body, which consists of matter, can come in action;
arms, legs and so on can be moved in order to perform specific changes in the
environment. That is, the actions reflect the ideas of the mind and there is a
“coupling” between mind and matter. This is obvious in this case. But how is
such kind of situation explained?

4.1.2 Analysis

So far, no specific “world view” has been applied for the understanding of the expe-
riences just quoted and which are a common feature for all human observers. In the
following, we will analyze these three facts within the frame of traditional physics
and in connection with the projection principle. For the understanding and the ade-
quate description of nanophenomena, we have to start in fact at the very beginning
of physics.

Container model
As we outlined several times, in traditional physics we work within the container
model. At clock time τ, the objects before us are considered as physically real (ma-
terial) entities, that is, the objects before our eyes refer directly to “matter.” Within
the container model, we do not touch geometrical objects with our fingers but these
objects are made of matter, which are embedded in space and time. Within this
view, there is nothing outside of space and time.

What the “mind” actually is remains an open question within the container
model. Therefore, also the coupling between matter and mind (point 3) cannot be ex-
plained but defines a separate field, open for hypotheses and speculations. How the
impressions before our eyes come into existence cannot be said within the frame of the
container model. The fault of this view is obvious: physically real entities cannot be
embedded within a space–time, which itself is not physically real (see also Chapter 1).
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Projection principle
The projection principle is undoubtedly more sophisticated than the container
model. The four points quoted earlier can be explained consistently within the
framework of “one” conception. It particularly explains how the impressions in
space, which appear at clock time τ directly before our eyes, come into existence.
The projection principle is also able to give statements about the influence of
changes at the ultimate nanolevel on the behavior of human beings; the manipu-
lation of brain functions belongs to this realm. In particular, such artificial
changes at the nanolevel can initiate changes with respect to the entire impres-
sion before the eyes of human beings, that is, there can be an impact of what we
experience in everyday life.

4.1.3 The conception

Why the projection principle turned out to be more sophisticated than the container
model? There are obviously no inner contradictions within this conception. But
why the projection principle is without inner contradictions? The answer is straight-
forward: the most fundamental entities in natural science, that is, space and time,
are treated more realistically in projection theory. Here the following point is essen-
tial: the elements of space and time, that is, the coordinates x, y, z and the time τ
are not observable and a procedure (measuring process) for their detection is even
not thinkable. Only distances of objects and time intervals in connection with pro-
cesses can be registered (more details are given in Chapter 1).

Clearly, the objects and the processes have to be specified within the frame of
the projection principle. Here we have to consider the specific features of projection
theory. The essential characteristics of the projection principle and its relation to
the often discussed statements in literature are briefly summarized in the following
section.

Mach’s principle
Once again, entities that are in principle not observable (the coordinates x, y, z
and the time τ) cannot be considered as physically real and are therefore not be
able to create physically real processes. We cannot embed physically real entities
within a frame, which is not physically real. This is an extended form of Mach´s
principle (Chapter 1). Ernst Mach required that space and time cannot be the
source of physically real effects. Mach’s principle is not grantable in traditional
physics. Within the frame of the projection principle, Mach’s principle is however
accomplishable in detail.

Thus, the space–time structure before us, which emerges at the time τ, is not
represented by objects made of matter. What we experience at the clock time τ are
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actually “geometrical” positions. The “material” entities (matter) must be located
outside space and time.

The statement by C. G. Jung (Chapter 1) reflects this situation explicitly. Also the
philosopher Immanuel Kant argued in this direction. The basic ideas by Kant are out-
lined in Chapter 1 as well.

Basic reality and pictures
From our discussion in the last section, we have to conclude that the physically
real world must be outside space and time. We denoted this world without space
and time as “basic reality.” In other words, the physically real (material) objects are
embedded in basic reality and the space–time structure before our eyes, which we
experience at the clock time τ, is therefore a “picture,” consisting of geometrical
positions. Matter is projected onto space and time and we get a picture of matter.
This defines the basic conception of projection theory and is summarized within the
following scheme:

Matter
in

basic reality

#
Picture of matter

in

space and time

(4:1)

How do we come from basic reality to its picture? What steps are necessary? What
items have to be considered? One of the essential items is here the phenomenon of
evolution. It is particularly essential to know what information is actually depicted
in the “picture of reality,” which a human being experiences in everyday life.

4.1.4 Evolutionary processes

The effect of evolution belongs to the realm of physically real processes and takes
place within the material world. That is, the evolution of material entities takes
place in basic reality. However, we have to emphasize that evolutionary processes
must not be restricted to matter.

Evolution here means the development of individual entities in basic reality,
where the term “individual entity” refers to dead matter as well as to living biologi-
cal systems (animals, human beings, etc.). Although basic reality does not contain
space and time, we may order the evolutionary processes from the point of view of
an external observer, who orders the things notionally in connection with the clock
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time τ when we identify the external observer with a human being. The situation is
summarized by the following scheme:

Matter in basic reality

!τ
individualmaterial entities in basic reality

(4:2)

Scheme (4.2) is a postulate and is not further explainable. The reason is obvious:
we cannot describe the evolutionary processes (4.2) quantitatively because human
beings are caught in space and time, and they have no direct access to basic reality,
that is, its structure remains hidden for human beings, but it definitely exists within
the frame of this conception.

The principle of usefulness
Relation (4.2) represents the first step with respect to evolution. There are further
evolutionary steps, which consider the existence of “species.” Here the mind of an
individual comes into play as well. This case is treated in the following sections
and is a necessary feature of the physically real world.

A certain species is organized through the “principle of usefulness.” As we already
remarked in Chapter 1, it is not cognition that plays the important role in nature but
the differentiation between “favorable toward survival” and “hostile toward survival.”
This is in fact the case at least at the early phase of evolution and everything, which
has been developed evolutionarily, is based on the features developed earlier.

Not the “absolute truth” is essential for the members of a species, but the principle
of usefulness. Each picture of reality, which is actually perceived by the members of a
certain species, is tailor made to the principle of usefulness. Since the conditions for
survival are different for different species (biological systems), the perceived realities
are also different for the members of different species. The chick experiment, discussed
in Chapter 1, demonstrates that such discrimination is necessary. Such species-specific
situations require a second evolutionary step. As we will outline later, also this second
evolutionary step is performed in basic reality, and this is because physically real pro-
cesses are involved here.

The individual material entities are located in basic reality. They are developed
through evolutionary first-step and second-step processes. These individuals, prepared
evolutionarily, are pulled by species-dependent tools. That is, each species selects just
this kind of information, which is “useful” for it. For this purpose, the evolution uses
just the species-dependent tools, which we would like to call “tools of evolution.”

Where does nature transfer this optimal species-dependent information, which
is pulled from basic reality by the species-dependent tools of evolution? There is
only one possibility for that: since the optimal information is individual in charac-
ter, it can only be transferred to the “mind” of an individual member of the species.
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The strategy of nature
How does nature organize such information transfer? The perception of the complete
basic reality would mean that with growing fine structures, increasing information of
the outside world is needed. Then, the evolution would have furnished the tools of
evolution with the property to transmit as much information from basic reality as pos-
sible. But the opposite is correct: It is the strategy of nature to take up as little infor-
mation from the world outside (basic reality) as possible, just that what is needed
(principle of usefulness). As we remarked earlier, the world outside is not assessed
through “complete” and “incomplete” but by “favorable toward life” and “hostile to-
ward life.” Concerning this point, Hoimar von Ditfurth stated the following [73]:

No doubt, the rule “As little outside world as possible”, only as much as is absolutely neces-
sary is apparent in evolution. It is valid for all descendants of the primeval cell and therefore
for ourselves. Without doubt, the horizon of the properties of the tangible environment has
been extended more and more in the course of time. But in principle only those qualities of the
outside world are accessible to our perception apparatus which, in the meantime, we need as
living organisms in our stage of development. Also our brain has evolved not as an organ to
understand the world but an organ to survive.

In conclusion, the perception of reality by biological systems is essentially influ-
enced by the principle “as little outside world as possible” and this fact is species
dependent. This situation characterizes that what is pulled from basic reality by
the tools of evolution. Again, within the first evolutionary step [scheme (4.2)] the
individuals are created, and the second evolutionary step underlines that there
are biological blocks (species) existing as physically real groups, also located in
basic reality.

Remark
The tools of evolution pull only those facts from the world outside (basic reality),
which are useful for the observer; the pulled information is, in particular, species
dependent. If a human being observes, for example, a certain object or a specific
process, not the characteristics of the object or the process themselves are reduced,
but all that what is superfluous (needless) around them. This means the term “as
little outside world as possible.”

4.1.5 Information transfer

In the case of a certain physically real object, say γ, which is embedded in basic
reality, the individual tools of evolution pull an optimal part of γ and transfers it to
the mind of the individual. Let us denote the species-dependent optimal part by the
Greek letter α; α is a raw information and is in this step not given through a for-
mula. The reason is obvious. The tools of evolution pull information, independent
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of an observer, and only an observer vests this information by a mathematical ex-
pression, that is, by a formula.

The effect through the tools of evolution leads to the following scheme, which
reflects a projection:

γ ðbasic realityÞ
#tools of evolution

α ðmindÞ
(4:3)

The selected information α varies from species to species. Let us assume here that
α is the raw information of human beings, and α occupies the mind of a human
observer. The picture of reality is given in space and time; the information in the
picture contains exactly the raw information α. In fact, it must be exactly the
same information because changes with respect to α are only thinkable in con-
nection with physically real processes, and such processes are by definition not
possible in the human being’s mind but exclusively in basic reality. There must
therefore be a one-to-one correspondence between α and the structure in the pic-
ture of reality.

The raw information α is not directly observable, but must be representable in
space and time and, as we remarked several times, this is because human beings
are caught in space and time. The transition from α to the space–time structure is
processes through the mind. There is in fact no other possibility.

In other words, in order to get at clock time τ the x, y, z structure, which appears
before the eyes of human beings and which has exactly the same information as α,
the quantity α has to be processed through the mind. The mind must have the abil-
ity to process selected information, which has been pulled by the tools of evolution
from basic reality. For this purpose, the mind must contain a certain processing
characteristic that we want to denote by the Greek letter η. In other words, η pro-
cesses α and creates the picture of reality that appears at clock time τ as x, y, z struc-
ture before the eyes. Let us denote here the picture of α by the Greek letter θ. The
picture before the eyes human beings comes into existence in an unconscious way.

This picture θ before a human being is not somewhere outside, but it occupies,
like α, the mind of the human observer as well. It is merely an impression that the
picture is outside us, but it is actually within the observer’s mind. This point is par-
ticularly discussed in Chapter 1; we will deepen the situation as we go. The picture
before a human being reflects a geometrical structure and has nothing to do with a
physically real structure as in the case of the container model of traditional physics.
The physically real objects are exclusively located in basic reality.

At this point, it must be underlined that the processing characteristic η creates
the picture together with the coordinates x, y, z and the time (clock time) τ. This is
an important point and shows that the space–time entities x, y, z, τ are not physi-
cally real. Again, the entities in the mind are not physically real. Only objects in
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basic reality are physically real. The notion “matter” will be defined and analyzed
in Chapter 5.

The process in mind, from the information α to θ (the x, y, z, τ structure), is rep-
resented and summarized in scheme (4.4):

α ðmindÞ
# η

θ ðx, y, z, τ structure inmindÞ
(4:4)

The way from basic reality to the picture of reality is summarized in scheme (4.5):

γ ðbasic realityÞ
# tools of evolution

α ðmindÞ
# η

θ ðx, y, z, τ structure inmindÞ

(4:5)

The tools of evolution pull the species-specific part α from the physically real object
γ, and α is transferred to the mind. The raw information α will be processed by the
mind on the basis of the processing characteristic η and we get a picture θ of the
physically real entity γ in the form of an x, y, z structure that is observed at clock
time τ and appears unconsciously before the eyes of human observers. This is the
situation within the projection principle where space and time are treated realisti-
cally and where evolutionary processes are taken into account in accordance with
what we actually observe.

Observation means to register at clock time τ the physically real object γ as a
picture in the form of a species-specific information within an x, y, z structure. Only
this information should appear in the picture, not the activities of the mind, which
creates the picture.

4.1.6 What is in the picture?

Once again, the picture before a human being reflects a geometrical structure and
cannot be identified with physically real entities. The geometrical structures in the
picture are not physically real objects but they represent them. Thoughts and ideas
cannot be depicted in space and time. The experience teaches us that thoughts
have no geometrical form. No doubt, certain thoughts and ideas, respectively, can
be translated into a space–time impression in order to formulate thoughts and so
in, in terms of familiar structures.

The possibility for the presentation of physically real objects in space and time
belongs to physics and requires in particular that only the object itself appear in
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space and time and not other features, for example features of the observer’s mind,
which creates the picture of the physically real object as space–time structure. In
fact, we do not observe thoughts in space and time; thoughts cannot be depicted as
geometrical structures. This fact is in accordance with the projection principle.
Thinking does not mean to create geometrical forms in space and time. Thinking is
a process, which takes place at a level above the usual space–time activities.

4.1.7 Observer-dependent Worlds

The entity θ is the representation of the material object γ in space and time. A
human being is caught in space and time and is not able to observe entities that are
located outside space and time. The object γ is located in basic reality and is there-
fore not accessible to human beings.

The object γ is observer independent. This is however not the case for the picture
θ, which is represented in space and time, and θ is “observer dependent.” The reason
is obvious: the picture θ comes into existence through the mind of the human ob-
server [see scheme (4.5)]. All pictures come into existence through the mind of any
human being and are therefore in any case observer dependent. Since we are caught
in space and time, a human being is only able to register observer-dependent worlds.

Furthermore, the pictures are “species dependent.” This is due to the fact that
the tools of evolution are effective [scheme (4.5)]. All members of a certain species
work with the same tools of evolution, but these tools vary from species to species.

4.2 The barrier

The processing characteristic η and the tools of evolution are not described through
space and time, that is, they are not represented in the form of x, y, z, τ structures.
The physically real world outside, which we called “basic reality,” does not contain
space and time as well. That is, the physically real entities are embedded in basic
reality without the existence of space and time, but are projected onto space and
time as pictures.

4.2.1 Only selected information is describable

The evolution teaches us that we cannot know the complete information of an en-
tity, say γ, but merely a selected part α of it. Only the information α is accessible to
human beings and is in everyday life given in processed form just in the form of a
x, y, z, τ structure before the eyes of human beings. This refers also to human beings
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themselves, at least with respect to their physically real part. There is a principal
barrier (see also Figure 4.1).

4.2.2 No one-to-one correspondence

Because of the lack of the total information, we cannot describe the transition from
γ to α and also not the processing from α to the x, y, z, τ structure. The function of
the entire complex, consisting of basic reality, mind, brain and space and time, (in
connection with the tools of evolution and the processing characteristic η) can only
describe the situation in a “qualitatively” way. A “quantitative” description is prin-
cipally not possible, unless we work with unprovable statements. This is a principal
point and reflects the limits of physical science.

The structures in basic reality and those of the pictures must be different from
each other. We are caught in space and time and theses entities do not appear in
basic reality. Thus, there can be no one-to-one correspondence between the struc-
tures in the picture and those in basic reality. This is the only what we can say in
connection with basic reality.

(selection of information:
effect of evolution)

BARRIER

γ

Picture of γ
in space and time

Physically real object
in basic reality

Complete information
(no space and time)

Reduced information

Figure 4.1: The world outside (basic reality) contains the physically real objects and, therefore, space
and time, which cannot be considered as physically real entities (Chapter 1), do not belong to basic
reality. A certain object, say γ, is embedded in basic reality and represents the complete information.
However, this complete information of γ is, due to the effect of evolution, not accessible to human
beings. There exists a principal “barrier,” which human beings cannot exceed. Also human beings
are captured through the biological evolution. A human being can only recognize a reduced
information of himself that is represented in space and time. At the barrier, a selection takes place.
Only that information about the world outside is recognizable for human beings, which is “useful”
for him/her in daily life (Chapter 1). The absolute truth is not relevant in this connection. This
statement also refers to human beings themselves, at least for its physically real part.
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4.2.3 Conscious and unconscious actions

At time τ we touch with our fingers an object, for example a stone, and feel it im-
mediately. This situation takes place in space and time: The stone is positioned at
time τ in space. However, also the fingers are represented as geometrical objects
in space, that is, the geometrical position of both, the stone and the fingers, touch
each other, but we “feel” the stone simultaneously. However, the touch of the geo-
metrical positions cannot initiate this “feeling” of the stone that the human being
has at clock time τ. The feeling can exclusively come into effect through a physically
real process and must therefore take place in basic reality. The “touch” in space at
time τ and the “feeling” in basic reality take place at once, that is, also the feeling
takes place at clock time τ. In other words, there is a strict correlation between the
“touch” and the “feeling,” although there is no space–time in basic reality. The situa-
tion cannot be analyzed further since basic reality is not accessible to human beings.

4.3 Representation and observation

Let us consider a human being and let us denote him/her by the letter A. Scheme
(4.5) does not mean that object γ is actually registered by A or by any other ob-
server, but it merely indicates how physically real objects are represented as picture
in space and time through the mind of any human being, for example, human
being A. But the object γ cannot directly be registered by A, but only the picture of
the object γ. In order to get a picture of γ the observer A has to interact with γ, and
this is a physically real process, which takes place in basic reality.

4.3.1 Observation procedure

We want to express human being A in basic reality symbolically by γA. In order to
be able to observe a certain object, say γ, the observer A has to interact with γ. For
simplicity, let us assume that γ is a stone denoted here by γSTONE; γSTONE is the phys-
ically real form of the stone in basic reality. The interaction process itself in basic
reality is symbolized by

γA $ γSTONE (4:6)

We would like to assume that the interaction process (4.6) is assessed by another
human being, denoted here by B. Observer B pulls this information through his/her
tools of evolution and is, in reduced form, transferred to the mind of B. In analogy
to scheme (4.5) we get

αA $ αSTONE (4:7)
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The processing in the mind of human being B is performed by his/her processing
characteristic ηB. We obtain, also here in analogy to scheme (4.5), for the corre-
sponding situation in space and time the relation

θA $ θSTONE (4:8)

Then, the case of observation scheme (4.5) has to be replaced by a similar proce-
dure, which is given by the following block:

γA $ γSTONE ðbasic realityÞ
# tools of evolutionB

αA $ αSTONE ðmind of BÞ
# ηB

θA $ θSTONE ðx, y, z, τ structure inmind of BÞ

(4:9)

The tools of evolution and also the processing characteristic refer of course to
human being B. More details will not be given here.

4.3.2 Levels of observation

In principle, the entity θA $ θSTONE is open for various observation levels. In other
words, θA $ θSTONE contains various facets. The observation processes themselves
take place of course in basic reality, but we may discuss them as phenomena in
space and time, that is, in the form of observer-dependent x, y, z structures at clock
times τ. The realization of a certain facet depends on the applied observation proce-
dure. In the following we will discuss this point in more detail.

The macroscopic level
At the macroscopic level, where the everyday life experiences are located, the com-
plete information of θA $ θSTONE is recorded on the basis of the five senses, which
are expressed experimentally by sight, touch, taste, hearing and smell processes. A
stone, its picture is given by θSTONE, is essentially characterized through seeing and
touching.

The atomic level
On the other hand, the application of suitable measuring instruments allows the
investigation of the atomic structure and dynamics of the object under investiga-
tion, which is given in our case by the stone.
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This atomic level is above the macroscopic level because at this level the infor-
mation is more sophisticated and detailed, respectively. The complete information
of θA $ θSTONE at this atomic level is here expressed by the structure and dynamics
of the system. The levels are indicated in Figure 4.2 by θA $ θSTONE½ �macroscopic and
θA $ θSTONE½ �atomic .

Representations
Since there is no space and time in basic reality, the structure of the complex
γA $ γSTONE must be different from the picture θA $ θSTONE of γA $ γSTONE, which
is a space–time representation. We have

γA $ γSTONE ≠ θA $ θSTONE (4:10)

Again, the interaction between human being A and the stone takes place in basic
reality. The symbols are γA and γSTONE, and the symbol for the interaction process
in basic reality is γA $ γSTONE. Since we have principally no access to basic reality,
we cannot say anything about the interaction process. We only know that it takes
place, but we do not know how it works.

4.3.3 Observations

Let us first study the observation of the stone through human being A and we want
to assume that it is an everyday-life observation. An observation in everyday life
means that γA interacts with γSTONE at the macroscopic level where the five senses
are effective. In this case, the interaction with light is relevant. In other words, the
usual sight process is in the focus, here investigated on the basis of the projection
principle.

Levels of observation

 θA   ↔  θSTONE atomic

 θA   ↔  θSTONE macroscopic

θA  ↔ θSTONE

Figure 4.2: In principle, the entity θA $ θSTONE is open for various observation levels. Each level is
characterized by specific experimental methods, which are different from each other. In everyday
life, we deal with the macroscopic level. At this level, the five senses are relevant and the
observations lead to a complete information at this macroscopic level. The application of suitable
measuring instruments allows to investigate the atomic structure and dynamics of the object under
investigation, for example, a stone. This atomic level is above the macroscopic level.
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Human being A is the observer and wants to study (observe) the stone. The entire
situation is represented in Figure 4.3, which reflects a scheme in analogy to (4.9).

The stone appears spontaneously before the eyes of human being A. Clearly,
parts of human being A himself/herself are observable as well in this way and re-
flect a certain kind of self-observation, which is however not indicated in the pic-
ture (x, y, z, τ structure of Figure 4.3).

If γA and γSTONE do not interact, we have merely representations of A and the
stone, that is, in this case human being A does not observe the stone and we ob-
tain Figure 4.4. Then, human being A knows nothing about the existence of the
stone. However, human being A and the stone can be observed both from the
point of view of another observer, here denoted by B. Then, human being B inter-
acts macroscopically with human being A as well as with the stone.

4.4 Interactions at the macroscopic level

Let us emphasize once again that we have principally no access to basic reality
and, therefore, we know nothing about the details of the interaction process be-
tween physically real entities. We only know that it takes place, but we do not
know how it works. A human observer is caught in space and time and, therefore,
we have to judge certain interaction types from the point of view of space and time.

(basic reality)

↓ tools of evolution A

(x, y, z, τ  structure in the mind of A)

(human being  A)

x, y, z, τ

stone

θSTONE

γA  ↔ γSTONE

θSTONE

αSTONE  (mind of A)

ηA↓

Figure 4.3: Human being A observes the stone; both entities are again given in basic reality by γA
and γSTONE. It is an everyday life observation, which takes place at the macroscopic level where the
five senses are effective. In this case, the interaction with light is relevant; it is a sight process. The
tools of evolution of observer A pull αSTONE from γSTONE; and αSTONE is processed by the processing
characteristic ηA of the mind of A. In this way, the picture of the stone θSTONE is obtained and
appears as x, y, z, τ structure in the picture.

148 Chapter 4 Mind, brain, reality and nanoscience

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



We would like to assume tentatively that this procedure is possible. In Section 4.6
we will discuss this question in detail.

Then, we can assess from the point of view of space and time to which interac-
tion type the corresponding process in basic reality has to be related. This is a gen-
eral rule in projection theory and, as we will still justify in Section 4.6, this point
may in particular be applied in connection with representations of geometrical con-
figurations at the macroscopic level.

In Figure 4.4, human being B observes the stone and human being A. Human
being A and the stone do not interact, that is, human being A does not observe the
stone. If the space–time structure of an experimental setup leads to the x, y, z, τ
structures given in Figure 4.4, we may conclude on the footing of our daily experi-
ences that a sight process is concerned; touch, taste, hearing and smell processes
have no influence here. Then, due to the rule introduced earlier, the interaction in
basic reality corresponds to what we usually call sight process.

Other geometrical constructions at the macroscopic level have to be assessed
accordingly. For example, touch effects judged from the point of view of space and
time have to be assessed in basic reality also as touch effect, but only qualitatively.

4.4.1 Analysis

In Figure 4.4, the stone and human being A do not interact with each other, but
there is human being B who interacts with both, that is, with A and the stone. This

{ }, (basic reality)

, (mind of B)

,
B

B STONE

STONE

STONE

A

A

A

tools of evolution B

γ γ γ

α α

θ θ

η

↔

(x, y, z,τ  structure in the mind of B)

↓

↓
eyes

Aθ
STONE

θ

stone

P

(human being B)
x, y, z, τ

Figure 4.4: There is no interaction between human being A and the stone. The physically real
objects γA and γSTONE exist in basic reality side by side; human being A knows nothing about the
existence of the stone. For the representation of both, γA and γSTONE, the tools of evolution of any
other human being, say B, pull αA and αSTONE from basic reality. The mind of human being B
processes αA and αSTONE leading to the pictures θA and θSTONE in space and time (x, y, z structures at
time τ). The brain of A is indicated by the letter P. The situation is assessed from the point of view
of human being B.
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has been symbolized in Figure 4.4 by γB $ γA, γSTONE
� �

. If human being A interacts
with the stone, we get instead of γA, γSTONE

� �
the term γA $ γSTONE

� �
, and this in-

teracting complex is again observed by human being B. Also in this case observa-
tion provides a physically real interaction process in basic reality, that is, γB
interacts with γA $ γSTONE

� �
and we obtain γB $ γA $ γSTONE

� �
. The observation

itself is exclusively done on the basis of the space–time picture. In the following,
we will analyze the situation in detail.

Pictures in the mind of A and B
Let us analyze the situation in more detail: The stone is represented in the “mind of
B” as x, y, z, τ structure, which is indicated by θSTONE (see Figure 4.4). On the other
hand, the “observation” of the stone through human being A must lead to a picture
as well but in this case in the “mind of A, ” and this picture comes into existence via
specific brain functions of human being A. What does this procedure mean?

The brain functions are physically real in character. Observation provides an
interaction process between human being A and the stone (usually called sight pro-
cess) and is here judged from the point of view of space and time, that is, on the
basis of the picture. Or more precisely, there must be an interaction between the
brain of A and the stone. In this way, human being A observes the stone and this
must lead to a picture of the stone in the mind of A. How does it work?

As in the case of Figure 4.4, we would like to denote the brain of A by the letter P.
Due to the interaction between the brain P and the stone θSTONE (Figure 4.4), the brain
itself is changed and converts into an excited state here and in the following indicated
by P*. That is, we have the transition

P*

"
P

(4:11)

Again, we may read (analyze) the situation in this way, that is, as interaction in
space and time. Clearly the physically real (actual) interaction process takes place
in basic reality and not in space and time.

Excited brain states
What does the term “excited brain state” mean? It reflects the brain activities in
the physically real realm and characterizes characteristic brain currents. These
brain activities are physically real in character and are initiated by the interaction
process (sight process) in basic reality or we may say between P and θSTONE in
space and time.

There is a coupling between the mind of A and its brain state P*. The information
within the brain is transferred to the mind. The mind processes this information by
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its processing characteristic ηA and a space–time picture of the stone is obtained.
That is, the coupling between the mind and the brain leads to the picture X of the
stone as x, y, z, τ structure, where the picture X refers to human being A. That is, we
get the scheme

mindof A P*

#
X

(4:12)

The picture of the stone is projected onto space and time, but we have the impres-
sion that the stone is directly before us.

Note that the picture θSTONE refers to human being B, but the picture X refers to
human being A. Without the coupling between mind and brain, we would not be
able to observe the physically real world outside and also conscious actions would
not be possible; the facts are not outlined here.

Clearly, a coupling mechanism remains an open question at first. At this stage
we are only interested in the main steps in the cooperation between mind, brain,
matter together with space and time.

4.4.2 Illustration

Space–time structures with respect to B
Figure 4.5 shows the principles of what we have discussed in connection with
scheme (4.9), that is, the transition from basic reality to the picture. We have the
following situation:

The interaction process γA $ γSTONE in basic reality is observed by human
being B, that is, human being B, symbolized in basic reality by γB, interacts with
the complex γA $ γSTONE and we have γB $ γA $ γSTONE

� �
.

Clearly, parts of human being B himself/herself are observable as well in this
way and reflect a certain kind of self-observation, which is however not indicated
in the picture (x, y, z, τ structure of Figure 4.5 and also not in Figure 4.4). Human
being A wants to learn something about the stone and this is the reason why he/
she observes it. Here, the stone reflects an “objective” attribute, and observer A
plays here the role of a “subjective” item. Subjective facts are superfluous in the
picture and are therefore not quoted in Figure 4.5. The same argument holds of
course for Figure 4.4.

The interaction process γA $ γSTONE is pulled through the tools of evolution of
human being B and we get the entities αA, αSTONE, which reflects γA $ γSTONE in re-
duced form. This information is transferred to the mind of B. Through processing in
the mind of human being B by the processing characteristic ηB, we obtain the pictures
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θA and θSTONE resulting from the interaction process γA $ γSTONE. The pictures θA and
θSTONE reflect the x, y, z, τ structures in the space–time of human being B.

Space–time structures with respect to A
We would like to discuss the picture of the stone in the mind of human being A on
the basis of space and time of human being B. In this case, we work within the pic-
ture represented by Figure 4.5. The procedure in the picture corresponds to what
actually takes place in basic reality. The interaction process can therefore be judged
from the point of view of space–time pictures, in this case from the space–time pic-
ture of human being B, represented in Figure 4.5.

As in the case of Figure 4.4, we would like to denote the brain of A by the
letter P. Due to the interaction between the brain P and the stone θSTONE
(Figure 4.5) via light (not indicated in the figure), the brain of human being A is
changed and converts into an excited state, which is indicated in Figure 4.5 by the
letter P* [see eq. (4.11)].

Since there is a coupling between the mind of A and its brain state P* [see
scheme (4.12) and Section 4.4.1], the information within the brain of A is transferred
to the mind of A. The mind of A processes this information by its processing charac-
teristic ηA and creates a space–time picture of the stone, which we denoted by the

A
X

eyes

(basic reality)

, (mind of B)

,

B STONE

STONE

B

STONE

A

A

A

tools of evolution B

γ γ γ

α α

η

θ θ

Aθ

P
STONEθ

(human being B)

x, y, z, τ

(x, y, z, τ  structure in the mind of B)

Figure 4.5: The symbols γA $ γSTONE, αA,αSTONE and θA,θSTONE are explained in connection with
Section 4.3.2 and Figure 4.4. The x, y, z, τ structure contains the representations θSTONE and θA for
the stone and for human being A with eyes. The entire situation is again assessed from the point of
view of human being B. The stone θSTONE is represented in the mind of B as x, y, z, τ structure (see
also Figure 4.4). The “observation” of the stone through human being A must lead to a picture in
the mind of A and is here denoted by the letter X. It is an observation at the macroscopic level,
where the five senses are effective. This is indicated in the figure by the double arrow. Other
entities of the environment (photons, trees, etc.) are not indicated here. The position of X has to be
identical with the position of θSTONE, which is indicated in the figure by an arrow going from A to
θSTONE. The pictures θSTONE and X are projections at each time τ on the two spaces located in the
mind of B and in the mind of A. The conditions are formulated by eq. (4.13).
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letter X. In other words, the picture X is created through the mind of A together
with space and time. It is a projection onto the space–time frame of human being A.

However, as we know, “mind features” are not representable in space and
time, and this is because the unit “mind” does not belong to the class of physically
real entities. So, the features of mind A cannot appear as x, y, z, τ structure within
the space–time frame of human being A. The stone is created by the mind of A to-
gether with space and time, and its x, y, z, τ structure, that is, the picture X, reflects
a projection, but it remains in the mind of A.

That is, the “features” of the mind of human being A cannot appear within
space–time frames, but the picture of the stone appears as projection onto the
space–times of A and B, as picture X and as picture θSTONE (see Figure 4.5). The
x, y, z, τ structure in Figure 4.5 is located in the mind of observer B and it is just that
what observer B has directly before his/her eyes. The other features of the mind
have no imprint in space and time.

Conditions
The space–time picture X of the stone appears as projection onto the space–time
structure x, y, z, τf gA of mind A. On the other hand, the space–time picture θSTONE of
the stone appears as projection onto the space–time structure x, y, z, τf gB of mind B.
In other words, the picture of the stone appears twice, as space–time structure in
the mind A and also as space–time structure in the mind of observer B.

The x, y, z, τ structure reflects a projection of what actually takes place in basic
reality as physically real interaction process. There are no processes in space and
time, that is, the x, y, z, τ structure given in Figure 4.5 is a projection from basic real-
ity and contains everything in frazzled form.

We have to consider the following items: since nature does not create the same
fact twice, we have inevitably to conclude that the space–time position of picture X,
indicated by X½ �position inA, is identical with the space–time position θSTONE½ �position in B

of picture θSTONE.
Furthermore, the space–time frames x, y, z, τf gA and x, y, z, τf gB of human being

A and human being B must be congruent and have to be identical. Then, we have
the following conditions:

X½ �position inA ≡ θSTONE½ �position in B

x, y, z, τf gA ≡ x, y, z, τf gB
(4:13)

Two pictures of the same thing would make no sense and would be a superfluous
information. Both observers are members of the same species.
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4.4.3 Brain and body functions

Once again, the picture of the stone is projected onto space and time and we have
the impression that the stone is directly before us. This situation is in fact reflected
by Figure 4.5: human being A has the stone θSTONE, X [eq. (4.13) is valid] before his/
her eyes, which is indicated in Figure 4.5 through an arrow going from A to θSTONE, X.
The results are in accordance with our daily experiences. However, we have to under-
line that nothing moves through space in the course of time τ. The entire picture is in
the mind and appears as projection in space and time.

We may state quite generally that the x, y, z, τ structures are not produced by
the brain. In the picture, for example in Figure 4.5, only the physically real part
of the brain appears, which is of course located in the head and is denoted by P*

in Figure 4.5. But the brain is more than that. It connects mind states with body
functions. The brain has the ability to interact with the mind and with parts of
the body as well. All that can appear consciously but also unconsciously.

To construct an image of the stone θSTONE within the brain of human being A
using the space time frame x, y, z, τf gB of human being B is not possible, and this is
mainly due to fact that the mind states of A do not appear in space and time. Such a
construction would lead to a “picture of the picture,” which makes however no sense
within the frame of the projection principle.

4.4.4 The sight process within projection theory

What does sight process mean within projection theory? It reflects an observation
of physically real objects, and let us explain the details by means of the stone. For
this purpose, the study of Figure 4.5 is suitable. In Figure 4.5, human being B as-
sesses an observation process with respect to human being A who observes the
stone θSTONE in the space–time picture of human being B; the space–time frame is
again indicated by x, y, z, τf gB. Clearly, also human being B plays the role of an ob-
server, but here we are only interested in the observation procedure in connection
with human being A.

Human beings are caught in space and time and they can only make state-
ments about the physically real world within the frame of space–time pictures.
Here human being A perceives the stone through “correlations.” There can be no
physically real “interactions” in space and time but exclusively in basic reality.
Let us explain the situation.

Correlations
“Observation” means “interaction” and, as we have remarked several times, the physi-
cally real interaction processes take place in basic reality. That is, human being A
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observes the stone in basic reality through the interaction process γA $ γSTONE.
This process is observed by human being B and is projected onto the space–time
of human being B, that is, onto the frame x, y, z, τf gB. As picture, we get the
x, y, z, τ structures θSTONE and θA (Figure 4.5).

The physically real process γA $ γSTONE must also be identifiable in the
space–time picture, that is, the process has its counterpart in space and time. We
know that there are no physically real “interactions” in space and time but “correla-
tions.” In other words, there are interactions between γA and γSTONE in basic reality
and correlations between the x, y, z, τ structures θSTONE and θA. Figure 4.6 summa-
rizes the facts.

We may call these correlations in space and time “interactions.” For example, we
may say that θSTONE interacts with θA. We used this formulation above, but these are
not interactions in the physically real sense. Within this notation, the situation be-
comes possibly more conceivable.

How have we to assess the sight process in Figure 4.5? The complex, consisting
of “light, stone, eyes and brain,” is a strict correlated ensemble. The correlation se-
quence light! stone θSTONE ! eyes! brainP* is compatible with our daily experi-
ences. The components of the sequence are recognizable in the space–time picture
and are therefore physically real entities in basic reality.

The brain of human being A, denoted by P* in Figure 4.5, is coupled to the mind
of A. However, as we already remarked in Section 4.4.2, the mind itself is principally
not representable in space–time pictures, also not within the frame x, y, z, τf gB of
human being B. This coupling between the mind of A and his/her brain effectuates
that the information of the stone located in the brain of A and which is transferred
to the mind of A will be processed by the processing characteristic ηA within the
mind of human being A. This procedure leads to a space–time picture X of the stone,

Basic reality

INTERACTIONS

Picture

CORRELATIONS

Projection

x, y, z,τ

γi, i = 1,2,...,N

θi, i = 1,2,...,N

Figure 4.6: The physically real objects in basic reality (world outside) are
denoted again by γi , i = 1, 2, . . . ,N, where N is the total number of objects
in basic reality. In general, these objects interact with each other. For
example, object k with object m: γk $ γm. This interacting complex is
projected onto space and time and we obtain a picture. The projected
physically real objects become geometrical entities in the picture,
denoted by θi , i = 1, 2, . . . ,N. In particular, we have the geometrical
entities θk and θm in the form of x, y, z, τ structures. The physically real
“interactions” in basic reality effectuate that there are “correlations” in
the picture.
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represented within the frame x, y, z, τf gA. We do not know the details of this proce-
dure but this is the general line. It is underlined earlier that the space–time structures
x, y, z, τf gA and x, y, z, τf gB must be congruent [eq. (4.13)].

In summary, the perception of physically real entities comes into existence
through “correlation effects.” There are no physical real interactions and entities in
space and time.

System-specific time
This correlation sequence is a global effect and is effective at each clock time τ.
Observation (human being A observes the stone θSTONE) takes place if such a global
situation is given. The globality reflects nonlocal situations and has to be described
quantum theoretically.

This can hardly be done within the frame of the typical quasiclassical consider-
ations of traditional quantum physics, but a more sophisticated theoretical frame is
necessary in which the projection principle is applied. In fact, traditional quantum
theory is quasiclassical in character, and this is because it works still with the exter-
nal classical time τ. As we outlined in Chapter 1, a quantum aspect of time is not
known in traditional quantum theory, but is required. Usual quantum theory is not
sufficient for the complete description of quantum phenomena [7].

The projection principle allows the introduction of the required quantum aspect
of time; the projection principle even demands it. This quantum time is expressed
by the so-called system-specific time, denoted by the letter t (Chapter 6). The clock
time τ remains an essential element in projection theory, but here it is merely a ref-
erence time. Moreover, within projection theory an operator for the time comes into
play (see Chapter 1).

Let us already state here that we have x, y, z, t quantum structures within projec-
tion theory, but only the part x, y, z, t = τ is experienced at clock time τ. The discus-
sion is continued in Chapter 6.

4.5 The atomic level and the atomic facet

When we want to explore the stone at the “atomic level,” which reflects a facet
above the macroscopic level, we leave the realm of the five senses. The atomic level
is characterized through the application of specific measuring instruments. That is,
instead of the five senses, measuring devices interact now with the object under in-
vestigation, that is, the stone.

The measuring instruments themselves have to be invented by the observer,
which is in our case human being A. Their construction provides a conclusive theo-
retical conception. This theoretical conception has also to be used for the evaluation
of the measured events.
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In conclusion, the atomic level is accessed through “conscious” activities. In
everyday life (macroscopic level), the world before us is experienced spontane-
ously, that is, it is observed in an “unconscious” way. Let us give more details con-
cerning the exploration of the atomic level and the atomic facets of physically real
objects.

4.5.1 Measurements at the atomic level

The atomic level is identical with the ultimate nanolevel (Chapter 1). Human being
A wants to measure the atomic structure and the atomic dynamics of physically real
objects; it is in our case a stone. The structure and dynamics are the adequate infor-
mation at the atomic level.

Human being A can do the measurements by means of scattering experiments.
For this purpose, he/she needs a source, which emits particles, for example, elec-
trons, neutrons or photons. Let us assume here that observer A works with electrons.

The emitted electrons are scattered by the stone and are registered by a detector
after the scattering process and leads to a characteristic spectrum, which contains the
information about the atomic structure and dynamics of the stone. In other words, the
experiments reveal the relevant information about the stone at the atomic level
(Figure 4.2). It is a facet of the stone, which is different from the facet at the level of ev-
eryday life and reflects the situation at the “macroscopic level” (Figure 4.2) as obtained
on the basis of the five senses; it is a sight process in the specific case of Figure 4.5.

For the investigation of the “atomic level,” sophisticated experimental setups
are needed. Figure 4.7 shows such a setup: the electron source S, the detector D,
the stone θSTONE and human being θA. Human being A observes the entities S, D and
the stone θSTONE, and all that is judged from the point of view of human being B.

Human being A makes his/her observation at the macroscopic level; as in the
case of Figure 4.5, the pictures in the mind of A are identical with the entities with
respect to the pictures in the mind of human being B. Also here the space–time
frames of A and B are congruent, that is, we cannot distinguish between the pic-
tures of the two space–time structures.

In other words, the situation in Figure 4.7 is identical to that in Figure 4.5 ex-
cept the number of observed objects is different: human being A does not observe
only “one” object (the stone) but “three,” which are given by S, D and the stone. It
is again an observation at the macroscopic level, but it reflects a setup for the inves-
tigation of the atomic facet of the stone.

As in the case of Figure 4.5, the entire complex is observed by human being B,
indicated in basic reality by γB. That is, B interacts with the entire complex consist-
ing of A, S, D and the stone, all that is projected onto the space–time frame
x, y, z, τf gB of human being B.
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4.5.2 Composition of interactions

What are processes in Figure 4.7? Once again, the material objects γSTONE, γS and
γD interact at the macroscopic level with human being A that is symbolized in
basic reality by γA. This block is observed by human being B, indicated in basic
reality by γB. That is, B interacts with A, S, D and the stone. All that is projected
onto the space–time frame x, y, z, τf gB of human being B via the tools of evolution
of B and the processing characteristic ηB.

The interaction processes take place in basic reality and are indicated through
the following interaction scheme:

γB $
γA !

macroscpic
γSTONE

γA !
macroscpic

γS

γA !
macroscpic

γD

8>><
>>:

9>>=
>>; (4:14)

(basic reality)

Tools of evolution B

αA, αSTONE, αS, αD (mind of B) Macroscopic

A
P

S

D

stone

(human being B)
, , ,x y z  τ

γA

γA

γB γA γS

γD

γSTONE

ηB

θA, θSTONE, θS, θD

(x, y, z, τ  structure in the mind of B)
θA

θSTONE

θS

θD

Figure 4.7: The electron source, the detector and the stone are observed by human being A and are
also observed by human being B, indicated in basic reality by γB. The details: The physically real
entities,γSTONE, γS and γD interact macroscopically with γA, which is again human being A. The
interactions take place in basic reality and are represented in scheme (4.14). All that [given in
scheme (4.14)] is pulled through the tools of evolution of observer A and those of human being B
and are transferred to the mind of A and also to the mind of B. The entities αSTONE, αS and αD are
located in the mind of A and in the mind of B. The contents of the mind of A and that of B are then
processed by the processing characteristic of A and B, and the complex with θA, θSTONE, θS and θD

appear in the pictures in the form as indicated by scheme (4.16). But these pictures, represented
by scheme (4.16), do not reflect physically real interaction processes but “correlations.”
Correlation here means “perceivable.” That is, human being A perceives the stone, the detector
and the source. Within the mind of human being A, there are the pictures θSTONE, θS and θD. On the
other hand, within the mind of human being B there are the pictures θA, θSTONE, θS and θD.
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All that, which is given in scheme (4.14), is pulled through the tools of evolution of
human being A and those of human being B. This information is transferred to the
mind of A but to the mind of B as well. The entities αSTONE, αS and αD are located in
the mind of A and in the mind of B in the form of

αA, αSTONE, αS, αD (4:15)

The contents of the mind of A and B are then processed by the processing character-
istics ηA of A and ηB of B. This procedures effectuate and the complex with θA,
θSTONE, θS and θD appear in the picture of human being B, and the complex with
θSTONE, θS and θD in the picture of human being A. Concerning B, we have

θA, θSTONE, θS, θD (4:16)

But these pictures, represented by scheme (4.16), do not reflect physically real in-
teraction processes but “correlations” (see the statements in Section 4.4.4).
Correlation here means “perceivable.” There are correlations between the x, y, z, τ
structures of θA and θSTONE, θA and θS, θA and θD. That is, human being A perceives
the stone, the detector and the source.

Within the mind of human being A, there are the pictures of θSTONE, θS and θD.
On the other hand, within the mind of human being B there are the pictures θA,
θSTONE, θS and θD.

The source S, the detector D and the stone are perceived through human being
A at the macroscopic level, that is, the atomic level is not touched yet. However, the
features at the macroscopic level are needed in the introduction of the atomic level.

Remark
The situation described in Figure 4.7 reflects a judgment from the point of view of
human being B, but the observer is human being A; A observes the electron source,
the detector and the stone. It is an information at the macroscopic level. Human
being A needs this macroscopic information for the determination of the properties
of the atomic facet of the stone.

4.5.3 Transition to the atomic level

In the next step of our analysis, we will discuss the atomic level, where another
facet of the stone is expressed. That is, we will construct space time pictures at the
atomic level for physically real objects. Clearly, the atomic level is identical with
the ultimate nanolevel.

The transition from the macroscopic level to the atomic (nano) level is not triv-
ial. This topic will be discussed in Section 4.7. In Section 4.6, we will investigate
how the sight process has to be assessed when we work exclusively in space and
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time without recourse to basic reality. In this way, comparisons can be made with
respect to the usual views of traditional physics.

4.6 The sight process within projection theory

We have identified the situations in Figures 4.5 and 4.7 with sight processes.
Therefore, also the corresponding process in basic reality must be in analogy to this
sight process, although we cannot actually state what happens in basic reality. As
we remarked several times, this is a basic feature (Chapter 1).

The picture of the stone is not welded in the physically real structure of the
brain, but the brain contains merely the “information” of the stone picture. The pic-
ture itself is created, as we know, in the following way: the excited brain, denoted by
P* in the Figures 4.5 and 4.7, is coupled to the observer’s mind and the mind takes
this information on and processes it in order to obtain the stone picture in space and
time. That is, we get a x, y, z, τ structure of the physically real part of the brain.

Only the mind creates the space–time elements x, y, z, τ and not the brain. The
physically real brain structures are representations in space and time, that is, we
need the space–time elements x, y, z, τ to “characterize” the physically real brain
structures and, therefore, the brain does not create the elements x, y, z, τ, which are
needed to depict the brain. No doubt, this is a relevant statement and follows di-
rectly from the elementary features of the projection principle.

4.6.1 Details concerning the interrelations

The details of the sight process are given by a specific construction. The construc-
tion itself describes the sight process “qualitatively,” and this is because the physi-
cally real process with respect to this sight process (and other physically real
processes as well) does of course not take place in the picture with its x, y, z, τ ele-
ments. Again, the physically real objects are embedded in basic reality and also the
physically real processes take place in basic reality and nowhere else. Since human
beings have no direct access to basic reality, a “quantitative” description of the ob-
jects and processes is not possible. This situation indicates that we have reached
the fundamental view.

What happens? Light comes from outside and interacts with the stone and the
eyes, and this information is transferred to the brain of human being A. This light
information with respect to the stone is recorded by the brain, which we denoted by
the letter P and, due to the light impact, P converts into an excited state P* in anal-
ogy to eq. (4.11).

The excited brain P* contains now the information about the stone outside,
which is represented in Figures 4.5 and 4.7 within the x, y, z, τ frame of human
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being B. It is observed by human being A and appears before the eyes of A. Both
pictures, θSTONE and X, are congruent [condition (4.13) is valid].

Since the brain is generally coupled to the mind (Section 4.4), there is a cou-
pling between the excited brain P* and the mind of human being A, which can be
expressed through

mind

"
P*

(4:17)

Again, we want to construct a space–time picture of the stone (Figure 4.5) or the
space–time picture of all: the stone, the electron source S and the detector D in
Figure 4.7. For this purpose, x, y, z, τ frames are needed, which are not definable by
the brain as we already mentioned.

Thus, the information given through P* has to be processed by the processing
characteristic η of the mind (see Section 4.1.5), and the mind creates the x, y, z, τ
frame that is needed for the representation of the physically real objects like S, D
and the stone. That is, in analogy to eq. (4.12), the following scheme is valid
for Figure 4.7:

mind of A  P*

#
picture of

the stone, source S and detector D

ðx, y, z, τ structureÞ

(4:18)

Exactly the same scheme holds for Figure 4.5; in Figure 4.5, only the picture of the
stone is represented within the x, y, z, τ frame.

As we have outlined in Section 4.4, nature does not create the same fact twice.
Therefore, we have inevitably to conclude that the space–time positions of S,D and
the stone within the x, y, z, τ frame of observer A has to be identical with the space–
time positions of S,D and the stone within the x, y, z, τ frame of human being B. In
analogy to eq. (4.13), we obtain therefore the following relation:

stone, S,D½ �position inA ≡ stone, S,D½ �position inB (4:19)

Two pictures of the same thing would make no sense and would be a superfluous
information. Also here the space–time frames of human being A and human being
B are congruent. Both observers are assumed to be members of the same biological
species.

In other words, eq. (4.19) is valid. Otherwise, we would get an extra picture, a
“picture of the picture” so to speak. However, this feature, that is, the term “picture
of picture,” does not belong to projection theory. Strictly speaking, this term is
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forbidden here because it makes no sense to work with it within this conception.
Thus, the picture of observer A has to be identical with the picture of human being B.

The x, y, z, τ frames have to be congruent; this is a “construction instruction.”
Specific boundary conditions in connection with self-observations require that too.
Once again, two simultaneously existing pictures of the same thing would be
superfluous.

4.6.2 Assessments of processes in the picture

As we have remarked several times, the assessment of physically real processes in
space–time pictures should principally be possible, but has to be done with care.
The reason is obvious: physically real processes take place in basic reality and not
in the picture of reality. As we know (Chapter 1), the processes in basic reality are
not accessible to human beings. But we may use the picture, that is, its space–time
structure, to judge “qualitatively” what actually takes place in basic reality. Let us
choose an example: the stone in space and time.

What can we say about the situation in space and time? Can we judge the prob-
lem analogous to what we know from traditional physics? We cannot. There is no
complete construction of physically real processes in space and time possible. We
need more. Let us explain why.

No picture without mind
The sight process in connection with the complex consisting of stone, light, eyes
and brain, as is indicated in Figure 4.5, can be used for the assessment of what ac-
tually appears in basic reality, but only “qualitatively.” Light, stone, eyes and brain
do not interact in space and time, but their geometrical structures are “correlated”
in space and time. Again, the interaction takes place in basic reality but we may
“read” this process from the space–time picture (e.g., see Figure 4.5). Light interacts
with the stone. This information flows via the eyes to the brain. The brain is coupled
with the mind and transfers the information about the stone to the mind. Then, the
mind processes this information and we obtain a picture of the stone in space and
time. The mind projects the picture of the stone onto space and time.

The mind itself is not representable in space and time because it has no physi-
cally real basis, but it is its task to process physically real information (Section 4.4).
Also the transfer from the brain to the mind cannot be represented in space and
time. In other words, the extremity of the process description is given by the brain;
the activity of the mind cannot be “read” from Figure 4.5.

The picture of the physically real object (stone) comes only into existence
(as x, y, z, τ structure) if the mind is active, that is, the mind is essentially involved
and not only the light, the eyes and the brain. However, as we mentioned earlier,
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the mind itself is not presentable as x, y, z, τ structure. The role of the mind has to
be classified through other facts.

That is, the picture of the object (stone) is not given alone by the entities shown
in the space–time picture but the mind is involved as well, which is however lo-
cated outside space and time and does not appear in the picture. The mind itself
does not appear as space–time information but, as we already know, it creates
space and time. The mind projects the physically real information about the stone
onto space and time and, simultaneously, it creates space and time. That is the situ-
ation from the point of view of projection theory.

How can we characterize the brain? The physically real part of the brain is lo-
cated in the head of the human being (see Figure 4.5), but the brain is more than
that because it is able to couple to the mind and must therefore have the ability to
give information to the mind (eq. (4.18)). Other parts of the body (arms, legs, etc.)
do not have this property.

The physically real processes in basic reality, which are relevant for the repre-
sentation of objects, can be qualitatively constructed in the space–time picture. The
relevant entities of the sight process (the light, the eyes and the brain) are corre-
lated in space and time. Therefore, a simulation of the physically real process, tak-
ing place in basic reality, becomes possible. A correlated sequence between the
four entities light, stone, eyes and brain is intuitively recognizable. In this respect,
the simulation procedure delivers a complete reproduction as far as the interaction
processes in basic reality are concerned. But this is not sufficient yet when we want
a representation of the physically real object (stone) in the space–time picture. The
mind is essential as well.

No influence of the transition elements on the picture
The structure of the world outside, represented in the picture, is not created by the
tools of evolution and also not by the processing characteristic η. Thus, there is a
direct evidence for what actually happens in basic reality (corresponding to a physi-
cally real process in basic reality). It is justified to “read” from the picture what ac-
tually takes place in basic reality but, as we already remarked, the activity in basic
reality is not sufficient for the creation of a picture of the world outside. The mind is
essentially involved.

Qualitative descriptions
The transition from basic reality to the picture is performed in umpteen steps. Here
the tools of evolution, the mind as well as the processing characteristic η play an
important role. But we may assume that these various steps do not produce the sys-
tematic correlations that can be “read” (recognize) from the structures in the pic-
ture. Therefore, the systematic correlations reflect the physically real interaction
processes taking place in basic reality. In other words, we may use the structure in
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the picture, that is, the x, y, z structure at clock time τ, for the qualitative description
of the physically real processes in basic reality. But we have to mention once again
that the entities in the picture (the light, the eyes and the brain in the case of the
sight process) are not sufficient for the understanding of the representation of the
geometrical object structure (stone) in space and time.

Thus, the “geometrical construction” of an object of the world outside on the
footing of the space–time picture alone is not possible within the frame of the pro-
jection principle.

This point is important as well when we try to manipulate brain functions
within the frame of nanoscience (nanotechnology). In fact, we have to analyze the
objects carefully at the nanolevel, which is the ultimate level for the description of
object properties.

4.6.3 Nanophenomena from various points of views

For the realistic assessment of nanostructures, the following remarks are instruc-
tive: In the transition from basic reality to the picture, an interplay with mind and
brain takes place (Section 4.5). The extremity is the picture with its geometrical
structures; there is a x, y, z structure at each clock time τ, which is located in the
mind of the human observer.

The construction of interaction processes in the picture is “recipe” of what actu-
ally takes place in basic reality. For the construction of physically real objects, the
“mind” is needed, which is an entity outside space and time. The following scheme
is valid:

entities ðlight, object, eyes, brainÞ
in space and time

+

mind

ðlocated outside space and timeÞ
#

picture of the object

in space and time

(4:20)

The situation in traditional physics is different: the world before our eyes is considered
as physically real, and the mind and the brain are not involved, that is, in traditional
physics mind and brain are not coupled to the physical phenomena. Mind and brain
can be modeled more or less arbitrarily. In fact, there are a lot of schools of opinion.
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Clearly, both points of view, projection principle and the traditional situation,
would lead to different valuations in connection with phenomena in nanoscience
and nanotechnology.

4.6.4 A general statement

How relevant are the statements of the projection principle? We have to compare its
course of action and its information input with what traditional physics says in the
same situations.

Within nanoscience and nanotechnology, we go deeper into what we call “real-
ity.” This particularly means that we have to formulate the physical problems more
general than in micro- and macrotechnology, that is, nanophenomena occupy the
physical reality at a level above the usual point of views of traditional physics. This
situation requires more general descriptions. With increasing deepness, a stand-
point of increasing generality is required.

In this connection, we may state the following: the projection principle does
not reflect a model and it is not an approximation of traditional physics. The projec-
tion principle reflects a view that is based on a general principle. It is essential to
underline again that projection theory does “not” consider space and time as physi-
cally real elements. This is an essential condition and is in accordance with Mach’s
principle, which contains hard but realistic conditions. That is, space and time are
here treated more realistically than in traditional physics where Mach’s principle is
not accomplishable. This situation leads inevitably to the more general projection
principle, which is therefore not an approximation of what already exists.

The principles of evolution can and must be incorporated. A separate treatment
without the entities “basic reality, mind and brain” makes no sense in projection
theory. Everything is interrelated as in nature itself.

4.7 The atomic facet of physically real objects

The “macroscopic facets” of physically real objects are observed “unconsciously.”
The details in connection with Figure 4.7 refer to this kind of observation and reflect
experiences of everyday life, that is, the objects S,D and the stone θSTONE in the pic-
ture within the x, y, z, τ frame are directly before the eyes of observer A. Observer A
experiences these things in an “unconscious” way and they appear spontaneously
without any intellectual help.

The situation in connection with the “atomic facets” is different (see in particu-
lar Figure 4.2). The atomic level can only be captured in an intellectual way, that is,
within a “conscious” procedure. For the experimental determination of an atomic
facet, in most cases, sophisticated methods are needed.
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4.7.1 Ideas

What is the procedure? First, the human being must have an “idea” about what he/
she wants to know about the object (facet) at the atomic level. This idea defines the
experimental method and its associated devices, which the observer needs for the
measurement of the properties of the object under investigation, that is, for exam-
ple the atomic facet of a stone.

In order to get all these facts, the observer needs a theoretical conception,
which the observer has to develop, or which must come to the observer’s knowl-
edge. All that reflects of course a certain kind of specific intellectual activity.

The theoretical conception is the basis for the experimental determination of
the object’s properties at the atomic level. Let us choose again the stone as object.
What kind of experimental method is adequate for the determination of its atomic-
level properties?

The observer decides, for example, to determine the properties of the stone
through scattering experiments. As we already outlined, for this purpose he/she
needs an electron source S and a detector D. These devices appear, together with
the stone, in front of him/her as macroscopic entities, that is, they appear before
his/her eyes unconsciously. This is exactly the situation that is needed and which is
represented in Figure 4.7.

The measurement itself requires a clear instruction: the stone and the devices S
and D have to be arranged relative to each other in a way that the theoretical con-
ception dictates, and the arrangement procedure has to be done by the observer in
a conscious way. For this purpose, the observer needs the “macroscopic” pictures
of the stone and the devices S and D. Only on the basis of these macroscopic entities
before his/her eyes, the observer, it is human being A in Figure 4.8, is able to ar-
range these entities in accordance with the theoretical conception.

The scattering process is described in the picture. The process itself takes
place in basic reality but, as we have outlined in the sections before, we may de-
scribe the situation in the picture with respect to the frame x, y, z, τf gB of human
being B (see Figure 4.8): the electrons leave the source S and are scattered by the
stone. The scattered electrons are registered in the detector by D. This process is
indicated in Figure 4.8 through two arrows between the source S and the stone
and between the stone and the detector D.

4.7.2 The evaluation

The evaluation of the detected spectrum has also to be done in connection with the
theoretical conception and leads to the atomic structure and the atomic dynamics
of the stone. This is the information about the stone at the atomic level and reflects
the picture of its atomic facet.

166 Chapter 4 Mind, brain, reality and nanoscience

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



The stone at the atomic level is indicated in Figure 4.8 as point pattern in space
and time is denoted by stone at. It is the picture of the stone at the atomic level, that
is, it is the atomic facet of the stone. On the other hand, the picture of the stone at the
macroscopic level (its macroscopic facet) is again indicated in Figure 4.8, as in
Figure 4.7, by the full circle and is here denoted by stone ma instead of θSTONE.

The two double arrows in Figure 4.8 indicate that there are two interaction types
effective: the interaction at the macroscopic level and the interaction at the atomic
level. Both interaction types are simultaneously effective. Once again, we need the in-
formation at the macroscopic level in order to be able to deduce the properties at the
atomic level. Both facets, stone ma and stoneat, exist simultaneously. Furthermore,

A
P

stoneat

stonema

(basic reality)

γA

γA

γB γA γS

γD

γSTONE

Tools of evolution B

αA, αSTONE, αS, αD (mind of B)

ηB

θA, θSTONE, θS, θD

(x, y, z, τ  structure in the mind of B)

(human being B)

S,θS

D,θD

, , ,x y z  τ

Figure 4.8: For the determination of the “atomic facet” of the stone, we need macroscopic
interactions in order to be able to recognize the components of the experimental setup. This is a
necessary precondition because only in this case the components can be arranged relative to each
other and relative to observer A in a way that is dictated by the theoretical conception. The
macroscopic interactions are indicated in the figure by the thin arrows (between A and the stone,
between A and S, between A and D). As in Figure 4.7, the entire situation in the figure is a
judgement from the point of view of human being B; B observes it within the space–time frame
x, y, z, τf gB. The scattering process, S− stonema −D, based on the correct device arrangement, is
indicated in the figure by arrows (between S and stonema, between stonema and D). The brain P is
excited through the two interactions (the macroscopic and the atomic interaction). Thus, the brain
is excited twice (simultaneously). The macroscopic interaction leads to P*. If, in addition, the
atomic interaction is switched on, the brain state P* converts into a further excitation state,
denoted here by P* + . In this way, we obtain two pictures of the stone in the form of x, y, z, τ
structures: the macroscopic facet stonema and the atomic facet stoneat. Both facets exist
simultaneously. Furthermore, there are two observation procedures simultaneously effective
together with the two interaction types. The connections between the physically real entities γB,
γSTONE, γS, γD and γA are explained in the text, together with the entities αA, αSTONE, αS and αD and
the structures θA, θSTONE, θS and θD.
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there are two observation procedures, which are simultaneously effective together
with the two interaction types, which are simultaneously existent as well.

The pictures stoneat and stonema reflect x, y, z, τ structures in the mind of ob-
server A. The entire situation in Figure 4.8 is a judgement from the point of view
of human being B and he/she has this space–time picture before his/her eyes,
that is, B observes it. The space–time picture of B is based on the frame
x, y, z, τf gB. As in Figure 4.7, human being B is characterized in basic reality by γB,

and γB interacts with the stone γSTONE, the source γS and the detector γD.

4.7.3 The conscious and the unconscious creation of pictures of reality

The pattern stonema is an “unconscious” picture, which appears spontaneously be-
fore the eyes of observer A. The pattern stoneat reflects a “conscious” picture and
comes into existence via the experimental setup consisting of the stone, the source
and the detector. For the evaluation of the detected events, a theoretical conception
is needed. Furthermore, for the construction of the experimental setup, a theoreti-
cal conception is required as well. The evaluation of the experimental results leads
to the facet expressed by stoneat.

4.8 Mind–brain coupling: two directions

Let us repeat: for the determination of the atomic facet of the stone, we need macro-
scopic interactions in order to be able to recognize the components of the experi-
mental setup (stone and devices). The determination of the atomic facet itself has to
be done in the second step. The entire process is based on unconscious and con-
scious activities.

4.8.1 Unconscious perceptions

In the case of a sight process (Section 4.6), the light sensors of the body convert
the brain into an excited state P* (P! P*). Through the coupling between mind
and brain the mind is activated, in this case by the brain in the state P*. The brain-
state P* contains the macroscopic information of the world outside. It is, for exam-
ple, the macroscopic information about the stone. The sight process in connection
with the perception mechanism has been described in Sections 4.3–4.6 in connec-
tion with Figures 4.4 and 4.7.

The coupling between mind and brain effectuates that the macroscopic informa-
tion about the world (stone) is transferred to the mind. In other words, the mind also
contains the macroscopic world-outside information and appears “unconsciously”
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after processing before the eyes of a human being as space–time picture; the process-
ing itself is performed by the mind’s processing characteristic η. This process is sum-
marized in scheme (4.21).

Light sensors

+ Mind− brain

P! P*!coupling Mind

#
Picture

ðunconsciously createdÞ

(4:21)

This macroscopic world inside the mind is used for the initiation of “ideas.” For ex-
ample, to learn something about the atomic facet of the stone. For this purpose, the
human observer must have an “idea” of how to measure this facet.

4.8.2 Conscious actions

In cases of conscious actions, the notion “intuition” is an essential feature. The in-
tuition together with a theoretical conception are the basis for “ideas” for changing
the world outside. For example, in this way it becomes possible to order the compo-
nents of an experimental arrangement for the determination of the atomic facet of
physically real objects, for example, a stone. Clearly, the experimental arrangement
has to be in accord with the idea and the theoretical conception. In other words, an
atomic facet is determined in a “conscious way.” The situation in connection with
the stone is described in detail in the sections before.

In the case of “unconscious” perceptions, that is, in the case of observations at
the macroscopic level, the information flows from the brain to the mind, which can
be recognized in detail through the steps in scheme (4.20). However, within the
case of conscious actions, the information flows the other way round: from the
mind to the brain. Let us discuss this mechanism in connection with our analysis
given in Sections 4.5 and 4.7 together with Figures 4.7 and 4.8. The entire procedure
is summarized by the following steps:

In scheme (4.22), the brain state P*+ is created through an “idea,” which is
located in the mind. Mind and brain are coupled (interrelated): the mind creates
“unconsciously” a picture of the world outside (environment) and produces a
space–time picture of it. The coupling between the mind and the brain effectuates
that the brain state P converts into an excited state P*, that is, we have the transi-
tion P! P*.
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This picture, created unconsciously, is the basis for a human being to create
consciously an “idea” of how to change the world outside.

This is the onset for actions: for the experimental determination of atomic fac-
ets, the observer needs macroscopic information about the experimental devices.
The observer chooses on the basis of the “idea” and a “theoretical conception,” an
experimental setup consisting of a source S, a detector D and a stone in Figure 4.7.

This space–time picture with the macroscopic entities is located in the mind.
This new picture corresponds to a new mind–state. Through the coupling with the
brain, the mind transfers this information to the brain, and the brain converts P*

into the brain state P*+ and we get the transition P* ! P*+ , that is, the brain state
P*+ has been created consciously.

This brain state P*+ is the basis for conscious actions, and measurements can
be performed, which are regulated by the brain. The handling of the instruments by
parts of the observer’s body (arms, legs, etc.) are initiated by the brain which is in
the state P*+ . The evaluation of the measuring results is done by the mind and are
stored in the mind. The stored information is then the information about the atomic
facet of the object under investigation (it is the stone in this case).

The various steps of the procedure concerning “conscious” actions can be read
from the following scheme:

Conscious actions

* Mind−brain

P*+ P* �coupling Mind
"

Idea

(4:22)

The coupling between mind and brain is not one sided. Concerning this feature,
brain and mind are equivalent. In both cases, unconscious and conscious actions,
the physically real object, the brain, the mind are logically connected with space
and time.

Coupling between mind and brain: no direction is preferred
In the case of unconscious actions, the coupling between mind and brain is directed
from the brain to the mind [scheme (4.21)]. On the other hand, within the frame of
conscious actions the coupling between mind and brain is directed from the mind
to the brain [scheme (4.22)]. No direction is preferred. This symmetry can be ex-
pressed by

mind !brain (4:23)
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The mind–brain coupling is a necessary condition in connection with observations
and actions as well. The space–time pictures before our eyes in everyday life come
into existence through mind–brain cooperations. The space–time picture itself is a
phenomenon of mind.

4.8.3 The essential transitions: summary

Let us underline that the “idea” is located in the mind of an observer and, due to
the coupling of the mind and the brain, the idea is transferred to the brain P*, and
the brain converts into the brain state P*+ , that is, we get in analogy to eq. (4.11) the
scheme:

P*+

"
P*

(4:24)

That is, the mind–brain coupling leads to

Idea ðmindÞ
#

P* ! P*+
(4:25)

The excited brain state P*+ is connected to the parts of the body (legs, arms, etc.)
and regulates our actions according to the idea in the mind, that is, the stone and
the devices S and D are arranged through the actions of the human being in a way
that the idea and the theoretical conception dictate.

An “idea” comes consciously into existence, and also the arrangement of the
stone and the devices S and D are done by body actions in a conscious way. On the
other hand, the observations in everyday life occur unconsciously; the stone ap-
pears spontaneously before a human being.

4.8.4 Interaction types

As we have remarked several times, there are at least two interaction types, which
are principally different from each other. Each interaction type reveals a certain
facet of a physically real object. As an example for a physically real object, we have
chosen a stone. In this section, we would like to underline some formal points,
which are necessary to make the details in connection with Figure 4.8 more under-
standable. Just the difference between the direct observer (human being A) and the
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external assessor (human being B) is of particular interest. Human being B plays in
Figure 4.8 the role of an indirect observer.

First interaction type
In order to be able to determine the atomic facet, certain information at the macro-
scopic level is required. The direct observer, that is, human being A, interacts via a
sight process with the stone, the electron source S and the detector D (Figure 4.8).
The sight process belongs to the realm of macroscopic observations and reveals the
facet of the object at the macroscopic level. All the statements that are based on
five-sense experiences have to be judged as macroscopic in character and take
place in everyday life.

These interaction processes take place in basic reality. That is, it is an interac-
tion of the physically real entities γSTONE, γS, and γD with observer A, which is char-
acterized as physically real entity by γA. This situation is indicated by scheme
(4.14). This characterizes the macroscopic interaction type, the first interaction type
within our classification. In Figure 4.8 and scheme (4.14) also the indirect interac-
tion is indicated, which is carried out by human being B and which is characterized
by γB. γB interacts with all four entities, that is, with γSTONE, γS, γD and γA.

As we have outlined in Section 4.7, for the determination of atomic facets the
participating entities (for example, stone, detector and source) have to be available
as macroscopic facets. Human being A must have them as macroscopic objects be-
fore his/her eyes. Only on this footing, he/she can plan an experiment for the deter-
mination of the atomic facet of the stone. As can be recognized from Figure 4.8,
also the macroscopic picture of the stone itself must be known when we want to
determine its atomic facet.

The second interaction type
The second interaction type leads to the “atomic facet” of the stone. It is formally
defined between all participants: γSTONE, γS, γD and γA. Let us express this situation,
in which all entities are interrelated, by

γS$ γSTONE
γSTONE$ γD
γD$ γA

(4:26)

This corresponds to what is indicated in Figure 4.8. The interaction part γD $ γA
refers to the pattern stoneat.

The atomic interactions (4.26) and the macroscopic interactions are superim-
posed and act simultaneously. That is, we have at each clock time τ two interaction
schemes, which can be formulated as follows [see also relation (4.14)]:
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γSTONE $ γD

γD $ γA

(4:27)

Again, the macroscopic part (first interaction type) is needed for the experimental
determination of the atomic facet of a physically real object (in our case it is a
stone). The entire complex, expressed by the macroscopic part of eq. (4.27), inter-
acts with γB, that is, human being B observes the entire complex, which is shown in
Figure 4.8.

Interaction particularly means that the entities (stone, source S and detector D),
are changed. What is changed? The relative positions of the entities, and this is dic-
tated by the theoretical conception.

Furthermore, the scattering of electrons takes place, which is a physically real
process as well and takes exclusively place in basic reality. The scattering spectrum
is registered in basic reality and contains the information of the atomic facet of the
stone; it is projected in the space time frame x, y, z, τf gA of A and observer A obtains
the picture of the stone at the atomic level, indicated in Figure 4.8 by stoneat.

From basic reality to the picture
All that, that is, the configuration stone source S–detector D but also the scattering
protocol, is pulled from basic reality with the tools of evolution of human being A
and is transferred to the mind of observer A, which contains the four components:

αs, αD, αma
STONE

and αat
STONE

(4:28)

αS and αD refer to macroscopic level of the source and the detector. The entity
αma
STONE

reflects the information about the macroscopic facet of the stone and αat
STONE

is the information of its atomic facet.
What appears in the space–time picture of observer A, which is based on the

frame x, y, z, τf gA. Information (4.28), which is located in the mind of observer A, is
processed by the processing characteristic ηA of human being A and the complex with

θS, θD, stonema and stoneat (4:29)

appears as space–time picture in the mind of human being A.
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In Figure 4.8, the situation is assessed from the point of view of human being B.
In this case, everything is projected onto the space–time frame x, y, z, τf gB. The pic-
ture of human being A is represented within the frame x, y, z, τf gA. Concerning the
two space–time frame and the position of the objects, condition (4.13) is valid.

Conditions
Let us underline once again that measurements at the atomic level can only be per-
formed with devices, which must be perceivable at the macroscopic level where the
five senses are relevant, that is, in the case of everyday life experiences. We work
here on the basis of sight processes (Figures 4.5 and 4.7).

The theoretical conception says us what kind of experiments and what kind of
instruments are relevant for the determination of certain properties at the atomic
level. The realistic choice of devices is necessary and to arrange them correctly rela-
tive to each other and relative to the object under investigation (the stone at the
macroscopic level). We need in any case instruments that are sensible to the proper-
ties at the atomic level, which are, on the other hand, presentable at the macro-
scopic level.

There are physically real interactions in basic reality. The transfer to the
space–time picture means that there are correlations in space and time instead of
physically real processes. Human beings perceive the entities in the space–time
picture.

4.9 Changing the environment

We want to assume that human being A lives in a certain environment consisting of
trees, houses, cars, other human beings, and so on. Human being A wants to
change the environment through specific movements of the entities within that en-
vironment. For this purpose, he/she has to activate his/her arms and eventually
his/her legs as well and/or other parts of the body.

All that reflects physically real processes, that is, they exclusively take place in
basic reality. The environment is characterized in basic reality by the symbol γenv
and the human being A again by γA, that is, the interaction process is represented
symbolically by

γenv $ γA (4:30)

The observer A has a brain and a physically real body. The difference between the
physically real body and the brain is necessary in order to understand the relation-
ship between the mind of A and his/her free will for changing his/her environment.
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4.9.1 Brain and body

Thus, human being A consists of two components: the brain, characterized by
γbrainA , and the body, expressed by γbodyA . Then, we get

γA = ðγbrainA , γbodyA Þ (4:31)

Instead of eq. (4.30) we obtain

γenv $ γA = ðγbrainA , γbodyA Þ (4:32)

When human being A wants to change his/her environment, he/she has to know
what he/she wants to change. The environment is represented as picture before the
eyes of observer A. This picture develops a strategy of what is to change and how to
do these changes. This strategy reflects an “idea,” and this idea is located in the
mind of human being A. The notion “idea” has been introduced already in connec-
tion with measurements at the atomic level (Section 4.7.1).

How can the idea be transferred to the body of human being A? Here the cou-
pling between the mind and the brain comes into play, which we have already men-
tioned in Section 4.1.

4.9.2 Daily life

The brain is different from the other parts of the body. Arms, legs, and so on have
to be considered as physically real entities without to have contact to the human
being’s mind. Only the brain is coupled to the mind. The brain is more than a sim-
ple physically real entity. The brain steers parts of the body in order to perform cer-
tain actions in the environment by human being A.

The tools of evolution pull from basic reality what we have called “physically
real object.” The pulled information is species dependent. (The notion “species”
will still be introduced within the frame of the projection principle.) The tools of
evolution pull physically real part of the real objects, which are “useful” for the
members of the species under investigation. Only this part is relevant in everyday
life. This is the message of the principles of evolution or more precisely, it is an at-
tribute of the principle of usefulness.

But what kind of interaction is useful for human beings? Only the world of the
“five senses” is perceivable for human beings, and only these facts are relevant in
daily life. Not the knowledge about the “absolute truth” is important but that is
what is useful. This situation is in fact fulfilled through the projection principle,
which connects physically real objects (systems) and the observer’s mind under the
assistance of the brain and the space–time (representation frame in the case of a
human being).
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4.9.3 Features of the processing characteristic η

The tools of evolution connect basic reality with the mind of human being A and
this holds of course for all the other human beings. But there is a further connection
tool, which couples the mind with space and time. This second coupling is accom-
plished by the processing characteristic η (Section 4.1).

The processing characteristic η is basically a feature of the mind but its fea-
tures can be transferred to the brain; η is primary not defined in connection with
the brain or with brain functions but enables the possibility for conscious actions
through the observer.

The brain steers parts of the body and initiate body actions. These actions must
be in accordance with the space–time pictures, which human being A has before
his/her eyes. The pictures are directly created by the mind without the brain. In
Section 4.8 we already treated the coupling between mind and brain and the action
through the brain. In the following, we will deepen that and we will give more de-
tails and conditions concerning the mind–brain coupling.

The characteristic function η contains the information about what human being
A wants to change and creates a space–time picture on the basis of this informa-
tion. The function η collects the pulled information, which we denoted earlier by α,
and we have

η= ηðαÞ (4:33)

Since the actions must be in accordance with this space–time picture, created by
the mind through η, also the brain, which is responsible for body actions, must con-
tain the information expressed by (4.33). This feature is accomplished through the
fact that mind and brain are coupled. The processing characteristic η is therefore
also a coupling constant.

The pictures are directly created by the mind without brain; on the other hand,
the body actions are directly initiated by the brain without mind. In other words,
there is a certain independence of the two lines.

4.9.4 Features of the reality picture process

In principle, the idea initiates conscious body actions and it contains the entire pro-
cess of change with respect to the human being’s environment due to the body ac-
tions, which take place through human being A. The process of change takes place
within a definite time interval Δτ and starts at clock time τ1 and ends at time τ2. We
have Δτ= τ2 − τ1. The idea contains information about possible actions, which take
place in the time interval Δτ and are based on instantaneous perception processes.
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The reality picture process takes place instantaneously. The experience shows
that this feature is reflected by our daily experiences. When we touch an object be-
fore our eyes with a finger, we “feel” it at once without delay, that is, the physically
real process, which takes place in basic reality, and the touch of the object in the
space–time picture takes place instantaneously without delay. Clearly, within the
frame of the projection principle, the touch in space at time τ is a touch of two geo-
metrical objects, whereas the physically real process takes place in basic reality.

Both phenomena take place simultaneously and are connected through various
characteristic points: tools of evolution, mind and brain. That is, matter and
space–time are not directly connected as in the case of the container principle but
are interrelated through various intermediate stations. However, as we already
said, the signals do not start in basic reality and move over the tools of evolution
toward the mind and the brain, and finally reach the space–time picture. But all
that takes place instantaneously. Nevertheless, the changes in the environment
take place within a certain time interval Δτ, as we underlined earlier.

The reality-observer system is not composed of various components but form
“one block” and the components are not separable. The one component cannot be
effective without the other. The components exist, but are not separable from the
block. The reality-observer system is a perception system and is not determined by
physically real processes. It is a system for the representation of physically real pro-
cesses, which occur in basic reality.

The projection principle reflects primarily a reality-observer principle and is for
the perception and the use of what is before the eyes of human beings in everyday
life.

Observation and its primary stages
In this connection it must be underlined once again that within projection theory the
notion “observation” exclusively refers to perception procedures in space and time.
Human beings are not able to take another standpoint. Because they cannot leave
space and time, as we remarked several times, human beings are caught in space and
time. This kind of observation provides a physically real interaction process in basic
reality. We come to an observation of the facts in basic reality through the tools of
evolution, the mind, and mind-processing transactions. The observation itself is re-
flected through an unconscious picture before the eyes of the human. But this direct
impression has a detailed primary stage, expressed in Figure 4.9 through block E.

4.9.5 Some general statements about the coupling

The processing characteristic η is primary a feature of the human being’s mind who
observes the environment and tries to change it with respect to his individual
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needs. The individual needs are determined through the principles of evolution and
here the principle of usefulness is in the foreground. Since this principle is basic, it
has been introduced at the outset in the theoretical formulations.

From ideas to actions
The characteristic η is basically not defined in connection with the brain, but the
brain is coupled to the mind, and, as we already remarked, η has to be considered
as the coupling parameter. In Section 4.9.3 we explained why? In the case of body
actions, the brain comes into play, and the coupling to the mind becomes neces-
sary. The characteristic function η couples the mind and the brain, and this cou-
pling is the basis for the body actions. What is here the mechanism, that is, the
general procedure?

The behavior of human beings is well characterized by their “body actions.” A
human being can only act within his/her environment (the world around him/
her), if he/she knows the motivation for an action. For this purpose, the human
being observes his/her environment and forms a picture of this environment,
which appears directly before his/her eyes in an “unconscious” way. This picture
gives rise to “conscious” reflections about the environment around him/her, that
is., he/she thinks about the world outside and, in particular, he/she thinks about
possibilities to improve his/her individual situation with respect to the environ-
ment. In other words, he/she develops an “idea.” This idea is the basis for “body
actions.”

The idea is an entity of the mind and must be transferred to the human being’s
body, which does the necessary actions for the improvement of the environment in
favor of his/her life. How this activity comes into existence? How is the idea

Basic reality
tools of evolution

mind
processing procedure

OBSERVATION

E

Figure 4.9: Observations take place in space and time, but there
are primary stages outside space and time. The primary stages,
summarized in block E, are the physically real interactions in basic
reality and the action of the tools of evolution. In the center is the
mind with its processing procedure. Block E, which does not exist
in traditional physics, is essential in connection with observations
in projection theory.
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transferred to the human being’s body? At this point, the “brain” comes into play.
In fact, between the idea and the observer’s action the brain is needed.

A human being develops an “idea” on the footing of the picture of the world
outside, which appears unconsciously in front of him/her. Within the frame of
the idea, the human being develops consciously an action plan for changing the
individual situation in his/her environment in order to improve his/her life
conditions.

The coupling between mind and brain
The picture itself is created through the mind without to use the brain [Section 4.1
and scheme (4.5)]. However, for the human being’s body actions, the brain func-
tions are needed. The brain functions steer the movements of specific parts (arms,
legs, etc.) of the human being’s body. This is necessary when the observer himself/
herself wants to change his/her environment. Therefore, a “coupling” between the
mind and the brain becomes necessary in order to enable the transfer of the idea to
the body functions of the human being.

The steerage of the body movements through the brain functions require
a mechanism, which has to be in accordance with the processing characteristic
η of the mind in the creation of the picture. The reason for this requirement is
simple and has already been indicated in Section 4.9.3: the picture, created
through the mind, is involved in the development of the “idea” for changing the
environment. On the other hand, this idea is involved in the laws for the body
steerage through the brain. The reason here is also obvious: the brain and the
mind are coupled. Without such a coupling, the idea, developed by the human
being, could not lead to the body movements for changing the human being’s
environment.

This coupling, which we observe extensively in daily life (Section 4.1), has to be
imagined as follows: because of this coupling, the idea, located in the mind, con-
verts the brain P into an excited state P*. This excited brain P* is able to steer the
body movements in accordance to the idea located in the mind. These actions are
then consistent with the picture, if their processing features are exactly the same,
that is, if the processing characteristic ηa for the body actions, steered by the brain,
and the processing characteristic ηb for the creation of the picture by the mind are
identical. In conclusion, it is in both cases essential to use the same parameter η.
Then, we get

ηa = ηb = η (4:34)
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The various steps that are needed for the transfer of an idea (mind state) to the
human being’s body actions are summarized in scheme (4.35):

Mind ðηÞ
#

Picture of environment

#
Thepicture is used for

the creation of an idea

#
The idea couples to the

brain

#
The brain steers the body movements

for changing the environment

(4:35)

Let us underline once again that the following condition for scheme (4.35) has to be
considered: the laws for the steerage process of body movements through the brain
have to be in accordance with the creation process of the picture by the mind. The
picture created by the mind is applied in the body-steerage process by the brain.
Thus, in the laws for the steerage process, the same parameter η for the processing
characteristic has to be used. Otherwise, inconsistencies come into play. That is, in
the coupling of the mind with the brain, also the brain has to be dependent on the
parameter η:

brain=brainðηÞ (4:36)

Then, we get in the case of actions the following relation:

MindðηÞ ! brainðηÞ (4:37)

Within the frame of the projection principle, the notions “observation” and “body
action” belong together and are not separable. This particularly means that the
brain is permanently coupled to the mind, also in reversed cases. This is expressed
through the coupling constant η and we have

MindðηÞ  brain=brainðηÞ (4:38)

and

MindðηÞ  ! brainðηÞ (4:39)
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Relation (4.39) is valid, independently of whether there is an observation or an body
action or nothing of both.

Equation (4.39) is similar to relation (4.23), which refers to observations and
body activities without argument on the footing of the processing characteristic η.
Equation (4.23) refers to specific cases (macroscopic and atomic facets of physically
real objects).

Outside space and time
The brain couples the mind and physically real objects. If there are no such objects,
this kind of coupling is not definable and the brain becomes superfluous. In this
case, also the physically real part of the brain does not exist. The mind, on the
other hand, can exist without brain. However, the observation line from mind to
space and time does not exist without physically real object states.

There are reasons to assume that the brain only exists in the physically real
realm. The mind can occupy states that are not physically real in character, for ex-
ample, in the case of metaphysical states. Within projection theory, metaphysical
states may in principle exist, but they are not representable in space and time. Only
physically real object states appear in space and time, that is, only pictures of phys-
ically real objects appear spontaneously before us in everyday life.

The general physical laws of nature can also not be represented in space and
time (also not within frame of traditional physics). They describe physically real ob-
jects, but the laws themselves occupy nonphysically real object states and belong
to the realm of mind.

4.9.6 The two poles: basic reality and picture

We would like to summarize and supplement the main fact that we have discussed in
connection with body actions through mind states. Let us consider again human being
A, who wants to change his/her environment, that is, the world around him/her. Such
a “change” is a physically real process and takes place in basic reality. We have sym-
bolized the human being A in basic reality by the letter γA and the environment by
γenc; we assume again that γenc describes the entire environment. The planned changes
of human being A are conscious actions and, therefore, in projection theory the mind
of A becomes relevant. In fact, we exactly experience the world in this way. We think
and change the environment on the footing of what we have intended to change.

The brain of A must couple to the mind of A, and this is realized within the
frame of the projection principle through the coupling constant, which refers, as we
have several times underlined, to the processing characteristic. Let us denote the
coupling constant with respect to human being A by the letter ηA. In principle, an-
other human being, say B, could have another coupling constant, which we want to
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denote by ηB. Concerning ηA and ηB with ηB ≠ ηA, the following general relation-
ships are valid [see in particular eq. (4.39)]:

MindðηAÞ  ! brainðηAÞ
MindðηBÞ  ! brainðηBÞ

(4:40)

The relations given by (4.40) are permanently effective (Section 4.9.5); the brain
and the mind have the same processing characteristic, in this case ηA for observer A
and ηB for observer B.

The coupling constant (processing characteristic) η is more than a simple number
but it contains all the items, which are necessary to produce a space–time picture
from the physically real raw information α, which reflects an objective quantity.

Before we start with the description of “activities” through human being A, we
would like to repeat some general essentials. We already discussed body actions in
Sections 4.1–4.8, but η independent and only in rudimentary form.

We try to understand how the information, which is located in basic reality, is
transferred to space and time. Therefore, the two poles are “basic realty” and “space
and time.” Let us briefly characterize them.

Is basic reality describable?
It must be mentioned once again that for the facts in basic reality, that is, for physi-
cal real entities and processes, analytical descriptions in the sense of theoretical
physics are not possible. As we have outlined earlier, a human being has princi-
pally no access to basic reality and the entry to the absolute truth remains hidden.
Human beings are caught in space and time and these elements do not exist in
basic reality. Also the processing in mind with the usual tools is ruled out; the proc-
essing in mind, that is, the conversion of the raw data pulled from basic reality to
space–time information, is not describable in a traditional way. The reason is obvi-
ous: the mind creates space and time and such a creation is hardly settable here.
Therefore, all the procedures taking place in connection with mind, brain and mat-
ter are merely captured “qualitatively.” This suggests to assume that we deal here
with fundamentals aspects; each theoretical description, that is, a mathematical de-
scription, is based on a qualitative information [74].

Within projection theory, mind states definitely exist. However, these states do
not appear in space and time. The principles of evolution give space and time a re-
stricted functionality, namely, to represent only “physical real object states” and
not “states of the mind.”

This is in fact our permanent experience and this is the reason why some peo-
ple actually believe that states of the mind do not belong to reality or do not exist.
The projection principle gives an answer on this kind of questions. In particular,
the theory reveals that the mind creates pictures of physically real objects, that
is, the objects appear as space–time experiences. Furthermore, it explains why
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such objects are not perceivable in its basic form, namely in basic reality where the
absolute truth is located.

No empty space and no empty time
The conversion of the raw physically real data, pulled from basic reality, to a space–
time information, is done by the mind. Since the space–time elements x, y, z, τ are not
physically real, they do not belong to basic reality. Then, space and time are elements
of the mind. Space and time are created by the mind in connection with the picture
processing.

The fact that single space–time points, which we denoted by x, y, z, τ, are not
observable as physically real quantities, finds its explanation in the fact that the
mind does not create space and time without basic reality information, that is, with-
out physically real objects. The mind could possibly do it, but an empty space–time
would reflect a pure mind state, which is not representable. The mind creates space
and time and the mind itself cannot be projected on this space–time structure. This
point underpinned the projection principle.

In particular, we have the reality-observer principle to keep in mind (Section 4.9.4).
This principle is characterized through the feature not to be composed of various com-
ponents but form “one block,” and the components are not separable. We underlined
in Section 4.9.4 that the one component cannot be effective without the other.

No picture of the picture
At clock time τ, we have a space impression before us, which reflects, as we know,
a certain x, y, z structure. The impression suggests that the world outside is embed-
ded in space. However, we cannot observe its elements x, y, z as physically real ele-
ments, that is, the points x, y, z are not accessible to measurements. In particular,
we cannot describe the elements x, y, z in the picture, as we can in the case of physi-
cally real objects. This would in fact mean that we construct a “picture of the pic-
ture.” Such a construction makes however no sense and is therefore forbidden
within the frame of the projection principle, and it is relevant to mention that the
construction of a “picture of the picture” is actually not possible. We can experience
space and time only in connection with physically real objects, which reflect geo-
metrical structures in projection theory.

4.9.7 Objective but observer dependent

There are only those items in space and time that are located in basic reality, and
these items are independent from the observer’s properties. This information defines
an “objective” fact. However, the envisaged information is “observer dependent.”
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This is because space and time are observer dependent and are created through the
mind of the observer.

The transition from basic reality to space and time is a projection, and the pro-
jected information is objective in character. The information could be projected
onto another representation frame, different from space and time, but the objective
character of the information would remain.

4.9.8 Feelings

We observe the world outside as space structure at clock time τ, and we “feel” the
objects of the environment in certain situations. Traditional physics works with the
container model; here matter is embedded in space and time. Within projection the-
ory, the physically real world is projected onto space and time. Both views are,
from the conceptional point of view, very different from each other. However, they
lead superficially to the same impression in the case of observations. Let us discuss
this point in somewhat more detail.

Impressions: container model and projection principle
What do we experience? We touch an object of the world outside with our fingers
and “feel” it at once. Therefore, it is often concluded (traditional physics) that the
object before our eyes is physically real in character, but the projection principle
delivers exactly the same impression, although it is different from the usual tradi-
tional view (container model).

Within the frame of the projection principle, there is a direct contact between
geometrical structures, the geometrical structures of the fingers and the object. The
same process takes place “simultaneously” in basic reality as physically real pro-
cess. There is a strict correlation between the geometrical-structure situation, which
is directly before our eyes, and what is given through the physically real situation
in the world outside (basic reality), which is not directly before us but is reflected
through a certain “feeling.”

In other words, a physically real process in basic reality is proved through this
feeling and the space–time picture. The feeling itself does not produce a space–time
picture. In fact, there is no geometrical x, y, z, τ structure defined for what we call pain
or similar phenomena. The pain is located in the mind and is possibly processed fur-
ther but it does not appear in the space–time picture.

In conclusion, the world outside is experienced through the container model
and the projection principle in the same way, but the mechanisms have to be as-
sessed differently [7].
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Pain and other feelings: no physically real aspects
A human being touches a geometrical structure (as for example a stone) with his/
her fingers, which are given as well in the form of geometrical structure in space
and time. He/she acts on the stone so that the stone moves with a certain velocity
from one position to another. The human being experiences this process in space
and time, that is, with respect to the picture, but the actual physically real process
takes place simultaneously in basic reality to which the human being has no access
but he/she “feels the stone,” which can even be a pain, depending on the impact.
The pain does not belong to the class of physical effects, and this is because pain is
a subjective phenomenon. In physics, we deal with objective facts that are free of
subjective elements, and pain is a subjective element.

Various connections between mind and basic reality
The tools of evolution connect the world outside (basic reality) with the mind of a
human being. We have further mind–reality couplings, which exist independently
from the tools of evolution; they are not influenced by them. In Section 4.1 we
stated that an idea, that is, a thought, can directly be coupled to the physically real
world outside. Example: we look at a tree and get an idea due to this impression.
The tree is an entity of the world outside and the idea is an element of the mind.
The idea due to the tree is independent of other mind states. This is an effect inde-
pendently from the tools of evolution.

Within projection theory, similar connections between mind and basic reality
can occur. The mind can interact “unconsciously” with basic reality (direction:
mind! basic reality), and there is a response and a certain “feeling” in mind that
comes into existence (direction of the response: basic reality! mind). This is in fact
the mechanism when a finger touches a stone.

No subjective aspects in space and time
However, feeling (pain) is a “subjective” aspect and does not appear in the space–time
picture, which is exclusively based on what the tools of evolution deliver. Only physi-
cally real objects are selected by the tools of evolution and “objective” facts appear in
space and time. Subjective facts, like feelings, pains and so on, do not appear in the
space–time picture. There are no measuring instruments for the registration of pain or
similar phenomena.

Nature has designed the reality-observer conception in this way, and the pro-
jection principle is adapted to this conception. But we experience the feelings like
pain and there can be only one solution: The feelings are phenomena in the mind,
they are exclusively located in the mind; they may be processed further or not but
never in the form of a space–time picture. Also here we work without the tools of
evolution.
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The pain itself comes into existence in basic reality and is due to the physically
real interaction process between the finger and the stone assessed from the point of
view of the space–time picture.

The mind is in the center
The mind is responsible for “conscious and unconscious” events. The mind is also
involved in “objective and subjective” facts. That is, the mind is in the center of
everything. In fact, there is no other unit, which would have the ability to treat
such a diversity of essential features. The brain is obviously not qualified for that; it
connects the mind with body functions.

4.10 Summary and final remarks

Matter is that what a human being “unconsciously” experiences with his/her sense
apparatus (five senses) and which is directly before the observer’s eyes. This situation
reflects the macroscopic level. In other words, matter is primarily an “observed” fea-
ture and not an objectively given fact of the world outside. “Observed” here means
that the sensory apparatus of an observer defines essentially what we call matter.

There are other levels, for example, the atomic level. The atomic level is the “ul-
timate” level of nanoscience (nanotechnology) at which the properties of usual mat-
ter and those of biological systems (living systems are included) emerge.

Matter

Matter is an observer-dependent attribute. We know that there are various types of
observers. The environment consists of species, and their members are essentially
different from each other; their sensory apparatuses can strongly differ from each
other. From this fact, we have to conclude that the attribute “matter” is different for
different types of observers.

Objects of the world outside have the feature “matter” in the physical sense if
they have constant properties. When do the objects have constant properties? This
question must be answered in connection with evolution: the systems (objects) de-
veloped in the course of time and we assume that these evolutionary developments
reach a “stationary” state after a certain time period. Then, matter has to be classi-
fied with respect to objects in a stationary state.

That is, physically real objects have the property “matter.” Matter is defined
through objects with constant properties and which behave constantly in the envi-
ronment. Evolution moves toward a stationary state, and this state reflects the
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“constant” properties and the constant behavior of objects in the environment.
Projection theory created the presuppositions for this assessment.

The constant properties and the constant behavior effectuate that the objects
always behave unchangingly even when their environment is changed. The ob-
jects behave exactly in the same way in repeated experimental situations. This re-
flects a definite law. In this particular situation the introduction of “physical
laws” becomes meaningful.

In connection with projection theory, matter is that what a human being
(observer) pulls from an objectively existing world outside (basic reality) which
is physically real. It is the observer’s view of the world and this defines his/her
physical conceptions of the things. The true, observer-independent objects are
located in basic reality and are not accessible to human beings.

The observer produces what we call “physically real objects.” In particular, it is
a species-dependent point of view. We assume here that also the members of other
species judge their own world in accordance with evolutionary states where con-
stant properties and constant behavior are the seminal features.

A certain species is organized through the “principle of usefulness.” Not cogni-
tion is in the foreground but the differentiation between “favorable toward sur-
vival” and “hostile toward survival” is important in nature. This is in fact the case
at least at the early phase of evolution and everything, which has been developed
evolutionary, is based on the features developed earlier.

The reality-observer principle
For the observation of physically real entities in basic reality, the entire block consist-
ing of “observer, tools of evolution, processing characteristic and the picture of real-
ity” is involved and must be applicable at “each” time τ. Therefore, the procedure
from basic reality to the picture occurs instantaneously, that is, without any delay.

The entire block consisting of the four entities “observer, tools of evolution, proc-
essing characteristic and the picture of reality” belong together and act simulta-
neously. This block with these specific features defines the notion “observation.” It is
“one” unit and is not separable. None of the entities can exist without the others.

This is the reality-observation principle. This reality-observation principle re-
flects a “compressed state.”

Observation in particular means that a biological system interacts at the macro-
scopic level of everyday life using sensory apparatus, which is typical for it. In the
case of human beings, the sensory apparatus is identical with the five senses.

An observation at the macroscopic level without the five senses is not possible,
that is, observation requires an interaction process between the observer and the
system that the observer wants to observe. This interaction is a physically real pro-
cess taking place in basic reality.
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Chapter 5
Matter

5.1 The black box

The raw information α, selected from basic reality, contains information that is distrib-
uted on various levels. The levels reflect certain “facets” of α. In Section 4.3.2, we have
discussed two levels: the macroscopic level and the atomic level (Figure 4.2). Let us
pick up the macroscopic level again. At this level, the notion “matter” has its source.

Let us consider a human being, denoted again by the letter A, and let us assume
that A interacts with the environment (world outside). What kind of interactions do
we expect? There is a mutual interplay between human being A and his/her environ-
ment, which is “evolutionary” in character. The evolutionary developing physically
real states are pulled by the tools of evolution and appear in the mind of the human
being (Section 4.1) in the form of space–time pictures. After the evolution processes,
“stationary pictures” of reality are observed.

Within the projection theory, the effects due to evolutionary processes can be
included at the outset. This is an important point since the principles of evolution
are reflected in all activities performed by human beings because they themselves
are developed in accordance with the principles of evolution. In the formulation of
the projection principle, the laws of evolution can be included at the outset.

The evolutionary processes effectuate that the interaction between human being
A and the world outside is strictly concerted and coordinated, respectively. Human
being A interacts with the world through species-dependent “sensory tools.” Let us
discuss the details in this section and let us draw conclusions from the facts.

5.1.1 Interactions and the five senses

The mind of a human being and the objects do not interact in basic reality and are
independent of each other and they can be introduced as separate entities. The in-
teractions between the human being and an object of basic reality are physically
real as well and take place in basic reality.

Physically real
What does “physically real object” mean in this connection? Answer: All that, which
has the ability to interact with the human being’s sensory apparatus and measuring
instruments, we want to consider as “physically real object (system).” This statement
is in accordance with the formulation “The term physically real object means that the
objects have the ability to interact.” This reflects a general definition.

https://doi.org/10.1515/9783110525595-005

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://doi.org/10.1515/9783110525595-005


Effects of evolution
The effect of evolution can be formulated within the frame of the projection princi-
ple as follows: The sensory tools of human beings and the information from the
world outside (basic reality) are strictly adapted to each other, and they are devel-
oped together in this sense during certain time periods. In principle, the environ-
ment can remain constant during this evolutionary time period. In connection with
human beings, the sensory apparatuses are given by the five senses and can possi-
bly be considered as a final state in the evolution process of human beings.

The sensory apparatuses of living biological systems are strictly adapted to
their environment. The sensory apparatuses of human beings developed during a
certain time period. The human being, that is, the observer of an object, perceives
only such information from the physically real entities, which the sensory appara-
tus allows.

At the end of the evolutionary process, the sensory apparatus remains constant
if the environment remains unchanged. Then, the sensory apparatus is given by the
five senses and contains the information about the environment at the macroscopic
level. This is the complete information about the world outside, but this statement
merely refers to what the five senses see, that is, it is a five-sense world.

5.1.2 The observer’s mind and the objects in basic reality

Through the interaction processes in basic reality, the independence between the
human being and the physically real object are abrogated. The principles of evolu-
tion effectuate that there is a strict correlation between the five senses of a human
being and the world outside (environment).

Due to the evolutionary processes, the observer only perceives a part of the
world outside, and this part is tailor-made to his/her needs. This peculiarity enables
the observer to perform certain actions in the environment with “certainty,” and re-
fers here to the observation of physically real objects at the macroscopic level,
where the five senses are effective.

The sensory apparatuses define the system
The evolutionary selection processes with respect to the human being’s sensory ap-
paratus develop in the course of time. After a certain time period, at the end of the
evolutionary process, the sensory apparatus reaches the human being’s five-sense
system if the evolutionary process is actually finished, but we do not know.

The evolutionary selection processes between the human being’s five-sense sys-
tem and the world outside cause that the “observed world” contains just the infor-
mation, which the five senses define, no less, no more. This observed world (system)
is species specific, and this is because the sensory apparatuses are species specific.
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This defines the macroscopic level, which reflects everyday life experiences. It is a
species-specific kind of evolutionary adaption. This allows the members of a species
to perform an effective and certain handling with the world outside. Such processes
reflect the principle of usefulness (Section 4.1.4).

5.1.3 Products of mind

The biological states of human beings are developed with respect to the facts within
the world outside after the principle of usefulness. The sensory apparatuses of
human beings (the five senses) are strictly adapted to the physically real structure
of the environment of the human being. Such sensory apparatuses developed dur-
ing certain time periods can be very long. During this time period, the world outside
developed in general as well.

Clearly, the actual basic reality does not change and appears to be “absolute”
in character, but only that is changed what the human being is able to perceive. We
will analyze this situation in more detail later. The “observed world,” different from
basic reality, is defined through the sensory apparatuses and is therefore species
specific as well.

The selected information by the five senses is processed by the processing char-
acteristic η of the mind and its contents are represented as space–time picture. This
picture occupies the mind and the feelings (pain, etc.) as well. However, we know
that “feelings” do not appear in the space–time picture. But they are, on the other
hand, strictly correlated with the geometrical positions in space and time: When we
touch in the picture a stone with a finger, that is, we do it within the geometrical
x, y, z, τ structure before our eyes, there is simultaneously an unconscious process
in basic reality. The stone is touched by the observer’s finger in the example above
and the observer feels it immediately (Chapter 4).

The feelings (pain, etc.) remain in the mind and cannot be depicted as geomet-
rical formation. This is a strict consequence of the reality-observer principle. Only
objective facts are viewable as space–time structure, but not subjective elements,
and the effect of feeling belongs to the realm of subjective facts. For example, a geo-
metrical shape of headache is not known, it is simply not defined. All that has al-
ready been outlined in Section 4.9.

Also the products of mind cannot be represented as space–time picture and do
not appear unconsciously before our eyes, as we do in connection with the physi-
cally real environment. The products of mind reflect subjective features and remain
therefore in the mind of the human being. In certain cases, the products of the
mind can be pictured (constructed) consciously. But these constructions do not be-
long to the realm of the five senses and only these appear as geometrical structures
before us in an unconscious way.
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5.1.4 Laws

The principle of usefulness is valid for all human beings and probably also for
other living (biological) systems. It should therefore be considered as a general
principle. General facts are usually expressed in the scientific realm through certain
“laws,” qualitatively and/or quantitatively.

What “useful” evolutionary fact can be clothed by a law? In this connection, the
following is relevant: It is obviously easier to handle the environment if it represents
instead of an open system a “closed” unit. It is therefore useful to work with closed
units and not with open systems. Thus, we may assert that nature has the tendency
to form “closed systems.”

This law refers to human beings and possibly also to other creatures. Let us call
the tendency to form in the world outside closed units “closed system law.” However,
such a law can only refer to the “observed world.” Only the observed world can be
recognized and assessed by human beings; this statement should also be valid for the
members of another kind of species.

It is “useful” for human beings to work with or within isolated systems, just
when we try to formulate mathematical expressions for the physical appearances
in nature. We will discuss this point later, and we will connect the reality-observer
principle to theoretical physics.

5.1.5 Definition of a system

How can we define a system? A physically real system or object is defined through the
sensory apparatus of the observer. The system (object) introduced here has the features
in analogy to what we called “observed world.” The system (object) is therefore an “ob-
served system (object).” Since the sensory apparatus develops evolutionary, the system
also develops evolutionary. It changes its properties continuously. Such developing sys-
tems are not wrong but difficult to handle, that is, the system is not in a useful state.

At the end of the evolutionary process, a closed system or closed object is
reached with constant properties. This behavior is of course due to the fact that the
sensory apparatus becomes a closed unit at the end of the evolutionary process.
That is, we have reached a stationary state.

“Stationary” means with respect to the observed environment that no new ob-
jects and/or new phenomena appear in the space–time picture. These kinds of ef-
fects come into existence during the evolutionary processes and are exclusively
projections onto space and time. The objects may come and go, that is, they may
enter or leave space and time. After the evolutionary processes, no new aspects ap-
pear in space and time. The pictures before the eyes form a closed system (object).

One point needs to be mentioned: The changes of the sensory apparatuses
feign the effect as if the world itself would change.
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5.1.6 Hidden reality

The environment remains unchanged but the observing, living system, that is, in
our case a human being. During the evolutionary process, the human being devel-
ops in accordance with the closed system law. No doubt, the environment may
develop as well, but we would like to assume here that the environment remains
constant, at least approximately.

What is changed? The sensory apparatus of the human being is changed. Since the
sensory apparatus is connected to the entire body, the entire body will be changed during
the evolutionary process. It changes in the course of time until a closed system is reached,
and this is obviously the case when the sensory apparatus is given by the five senses.

Then, the “observed environment” is just that what the five senses generate. In
the case of members of another species, we expect other “observed worlds,” that is,
the members of this species deal in such cases with other observed environments,
and this is because there are other sensory apparatuses, different from the five-
sense system of human beings.

All takes place in basic reality but appears in this form in space–time picture.
Only the facts in the picture allow to assess what we call “evolution.” The picture
contains just that what is useful for human beings. Basic reality plays in this case
the role of a “black box.” We actually do not know what in basic reality happens.
There is a strict barrier (Section 4.2). The situation is summarized in Figure 5.1.

Basic reality

Evolutionary
processes

Mind

Tools of evolution

, , ,τx y z

Closed system

Figure 5.1: For the development of living systems (human beings, etc.), the principle of usefulness is
relevant. These are evolutionary processes and take place in basic reality, which has to be seen,
however, only as a black box. Therefore, everything has to be assessed from the point of view of the
space–time picture. The principle of usefulness and the closed system law refer therefore to space–time
pictures. The space–time pictures behave like “closed systems” if the evolutionary processes are
finished. The physically real objects interact in basic reality and are pulled by the tools of evolution
leading, after processing, to the space–time picture, which represents a closed system, that is, the
x, y, z, τ structure in front of the observer represents a closed system. The interaction in basic reality is
just so that in the space–time picture the closed system law is fulfilled. Since human beings are caught
in space and time, the observer can only assess situations from the point of view of space–time pictures.
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Nanolevel
Biological evolution takes/took place at the “nanolevel” where the atomic processes
happen. It is the ultimate level, as we have outlined in the chapters earlier. The closed
system law is basically valid at this nanolevel, but it has an impact on the macroscopic
phenomena where the five senses are effective.

Evolution at the level of everyday life refers to physically real objects and pro-
cesses. The effects of evolution come into existence through interaction processes.
Only physically real objects have the ability to interact with the entities of their en-
vironment. The closed system law can only be reached via interactions between the
human being and the environment.

5.1.7 Conclusion

Only that is useful for an observer what the five senses perceive. The observed infor-
mation about the environment is a five-sense information, no less, no more. The
sensory apparatuses are adapted to the environment and change in the course of
the evolutionary process; in principle, the environment can remain constant during
this evolutionary time period. The evolutionary process itself is steered by the
closed system law. It stops when the system is closed, that is, if the sensory appara-
tuses behave stationary. Then, we have the final version of the sensory apparatus.
Again, in the case of human beings, the sensory apparatus is identical with the five
senses.

The tools of evolution pull only what is needed and just that is recognizable
for an observer. Thus, the tools of evolution pull only that part of the environ-
ment, which the five senses can generate. Only this part actually appears in the
space–time picture.

5.1.8 Theoretical developments

As we underlined, the term “closed system” refers to space and time. The contents
of the space–time system cannot be changed: No entities can leave space and time
and no entities can enter space and time. In particular, also those with basically
new properties cannot enter space and time. That is, we have definite systems lo-
cated in space and time, which have in particular constant features without sur-
prises. This conception is useful for daily actions.

The behavior of closed systems
These constant features are characterized by the following attributes: The appear-
ances of the physically real objects in space and time, which come into existence
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together with the feeling of the space–time impressions, are the basic information
at the macroscopic level, that is, at the level of everyday life. Space–time impres-
sions and the feeling of them occur simultaneously.

Closed systems have obviously constant features: Effects always take place in
the same manner, that is, arbitrary repetitions of the experiment lead to exactly
the same result and the same effect. Even when the structural configurations and
compositions are changed, the effects remain explainable on the same footing,
namely, on the basis of general laws. In other words, the findings with respect to
closed systems are reproducible. This holds for five-sense observations and for
macroscopic observations with measuring devices as well; all configurations lead
to the same observed laws.

A world, consisting of a constant number of objects, is experienced on the basis
of visual impressions (x, y, z, τ structures) and specific feelings. If the sensory appa-
ratuses behave stationary, this world (observed world) appears as “closed system.”
For such a world, physical descriptions are possible. Isaac Newton introduced with
large success on the footing of space–time impressions the notions “force F, mo-
mentum p and energy E.” These features define that what we call “material world”
and the entities are denoted as matter. The physically real objects themselves are as-
signed by a mass parameter m. Even quantum systems can be treated on the basis of
this conception.

How are the physical laws connected to what is located in the mind? In the mind,
the entity α is in the foreground. The physically real entity α, which is again the raw
information pulled from an object γ of basic reality, corresponds to mathematical (phys-
ical) laws. In projection theory, these laws are based on the two variables p and E for
the momentum and the energy. This p,E information, which defines reality, is pro-
jected onto space and time leading to the picture of reality. This “theoretical” picture
ðspace− time structureÞtheory can be compared with the corresponding “observed”
picture ðspace− time structureÞobserved. The situation is summarized in Figure 5.2.

Open systems
During the evolution process, the space–time system is open, that is, space and
time are open for the input and output of physically real entities. After the process,
the “space–time doors” are closed and the environment becomes a closed system.
However, we have always to keep in mind that all these space–time phenomena are
exclusively projections onto space and time.

On this footing, we may construct evolutionary processes, in particular those at
the nanolevel, where self-organizing processes are of basic relevance. The container
model of traditional physics does not offer such kind of mechanism.
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What develops evolutionary and what not?
The biological evolution refers to the physical real processes in basic reality and not
to the states of the mind, which do not belong to the class of physically real entities.
That is, within this view the states of the mind do not develop in the course of time
to which also belong that what we call space–time feeling. The elements x, y, z, τ of
space and time, which characterize this space–time feeling, belong to the realm of
mind and do not develop evolutionary of the mind. However, the structures within
the x, y, z, τ frames, which reflect physically real entities, develop evolutionary.

5.1.9 The complete world

It is alluring to assume that such a world, which is an observed world and which
behaves as closed systems, defines in this form the “complete world.” It is in fact
assumed in traditional physics that there exists nothing else than just those things
that are defined through the “observed world,” and it is particularly assumed that
there is nothing outside space and time.

Our physically real actions and observations always refer to space and time,
and also here we are seduced to maintain that everything takes place within space
and time. This leads to a world view, which has been used with large success in tradi-
tional physics. The projection principle corrects this view. The selection processes, an
item within the principles of evolution, with its law “as little outside world as possi-
ble” feign this impression of a complete world which is embedded in space and time.
Selection means to isolate but this isolation does not mean that there is nothing else.
Just this seemingly complete world can be handled optimal. But a “selected system”
is not identical with a “complete system.”

Human beings are merely caught in space and time and this fact feigns a com-
plete world. But this is obviously a fallacy when we measure with the yardstick of

Projection Projection

Theoretical description

γ

α

(space–time structure)theory(space–time structure)observed

Figure 5.2: Closed systems are the basis for theoretical descriptions. Theoretical descriptions in
the form of physical laws are expressible. How are the physical laws connected to what is located
in the mind? In the mind, the physically real entity α is located. α is the raw information pulled
from an object γ of basic reality. The entity α corresponds to mathematical (physical) laws. This
information, which defines reality, is projected onto space and time leading to the picture of
reality. This “theoretical” picture ðspace−time structureÞtheory can be compared with the
corresponding “observed” picture ðspace−time structureÞobserved.
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the projection principle. The physically real world was developed toward a “closed
system.” In this case, we cannot look beyond space and time and, therefore, the
world outside must appear as complete system.

5.1.10 The main items

The projection principle conveys that the world before our eyes appears as closed sys-
tem and all processes seem to be taken place within a strict impermeable space–time
block. In particular, the following points have to be underlined:
1. Changes in connection with the world outside (environment), done through in-

dividual actions, belong to the realm of macroscopic phenomena, where the
five senses are effective.

2. We can call the world, which are based on five-sense phenomena, as “material
world.” Mind states are not registered by the five-sense world, as we also know
from the traditional view. But mind states exist within projection theory. All
x, y, z, τ structures in the pictures of reality belong to the material realm but
are, on the other hand, states of the mind. The mind states are not represent-
able through x, y, z, τ structures. The tools of evolution transfer exclusively
physically real (material) information to the mind.

3. The effect of evolution can be formulated within the frame of the projection
principle as follows: The sensory apparatuses of human beings and the infor-
mation from the world outside (basic reality) are strictly adapted to each other,
and the sensory apparatuses are developed during certain time periods. In con-
nection with human beings, the sensory apparatus are given by the five senses.
Measuring devises refine the statements at the five-sense level but do not open
the door for additional senses.

Once again, at the macroscopic level, the five senses are effective, that is, it is the
level of the five senses. Clearly, specific measuring devices can be constructed and
produced on the footing of five-sense experiences.

5.2 Classification

In this section, we would like to classify the components, which are used within the
frame of the projection principle. This principle reflects a reality-observer principle.
The following components are relevant:

Basic reality
Mind
Brain
Space and time
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All these units belong strictly together, and the function of one component cannot
resign on the existence of the others. The tight binding between these components
is demonstrated in the earlier sections.

Let us consider human beings. For the perception of the physically real world
(basic reality), an observation process is necessary. Within the frame of the projec-
tion principle, the above four components are needed.

The mind is here in the center. In basic reality, matter (physically real entities) is
located. The brain regulates body functions and transfers information from the world
outside to the mind and vice versa. The picture of reality is the only unit to which
human observers are directly connected. In fact, human beings are caught in space and
time. The physically real world is projected onto space and time and a picture is created.

5.2.1 Traditional view

In traditional physics, we have no qualified model for the connection of these com-
ponents. The world within traditional physics is defined through what the world
before our eyes dictates. That is, this world is simply given (represented) by the
structures, which we have directly before the eyes in everyday life. This defines a
complete system from the point of view of traditional physics. The material objects
are embedded in space and time. As we remarked several times, this conception is
the basis of the container model.

For the understanding of the material processes, the mind, the brain and the
basic aspect of reality are not needed. This is the naive perspective of the situation.
Here, the true nature of space and time is not considered within this approximation.

5.2.2 Projection principle

The relation of the above elements (mind, brain, basic reality) to space and time is
different from that what traditional physics teaches. What are the relationships to
space and time?

Basic reality
Basic reality does not contain space and time. Space and time are not physically
real and such types of elements are not suited to embed physically real (material)
objects into them.

Mind
The mind creates the entities space and time. It is therefore not describable in space
and time. The mind cannot create itself. The processing characteristic η of the mind
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creates a space–time picture of the physically real (material) raw information α,
which is pulled from basic reality.

Brain
The brain of human beings has the ability to interact with the mind. It records infor-
mation of the mind and transfers it to the parts of the body. In this way, the human
being is able to perform body actions. The brain is also able to transfer information
from the world outside (basic reality) to the mind. Thus, the brain is not completely
composed of matter. The brain does not create space and time, but it has the ability
to include products of the mind, depending on the situation. It is involved in con-
scious and unconscious actions initiated by the mind. Only the material part of the
brain is representable in space and time.

Tools of evolution
The tools of evolution have nothing to do with space and time; they are not repre-
sentable in space and time. They connect basic reality with mind. We do not know
the mechanism how the tools evolution pull information from basic reality, but we
know the necessity for their existence.

5.3 Local interactions and block interactions

Physically real objects are located in basic reality; here “located” does not mean
that the objects can be ordered with respect to space and time. As we often under-
lined, space and time with the elements x, y, z, τ do not belong to basic reality; the
elements x, y, z, τ are not physically real.

We assume that there are individual objects

γk, k = 1, 2, . . . ,N (5:1)

These objects are assumed not to be isolated, but there are certain relations between
them. In principle, all N objects are involved. Also these relations define physically
real processes, which we usually call “interaction.”

What does the interaction effectuate, locally and globally? Locally with respect to
“single objects” and globally in connection with “groups (blocks) of objects.” Both fea-
tures are a matter of fact: We observe them, that is, we observe single objects but also
biological blocks, which are usually called species. Just in connection with living bio-
logical systems, these blocks (species) are important and belong to the field of nano-
science (nanotechnology). We will specify this point in more detail later.
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5.3.1 Group formations

The interaction between the individual objects is defined through all observable effects
and, in particular, the tendency for the generation of “group formations” (creation of
species) has to be included here. Facets come into existence (local effects, Chapter 4)
and group states are formed as global effects. Through these group states, specific
biological blocks (species) are created with characteristic properties and, as we
know, there are various of them in nature.

The specific facets are selected through observation methods. In Section 4.3,
we discussed the facets at the macroscopic level, which are selected by the five
senses. On the other hand, there is the atomic level that needs sophisticated mea-
suring instruments. All that is analyzed in Section 4.3.

However, the classification of the cosmos into an ensemble of interacting ob-
jects must not be the basic state. The cosmos is possibly in its fundamental form a
“unified whole”; in this case, the assumption of an ensemble of more or less indi-
vidual objects would merely be an approximation [37].

5.3.2 What is pulled?

The tools of evolution are species specific. However, they pull information from spe-
cies-independent facts located in basic reality. This seems to be a contradiction, but
it is not. The following point deepens that:

To a human being belongs “human being-specific tools of evolution,” which
we want to denote by ðtools of evolutionÞhum. On the other hand, we have other
species as, for example, a turkey is a member of another species. A turkey is clothed
with “turkey-specific tools of evolution,” which we want to denote by ðtools of
evolutionÞturkey.We already discussed the case of a turkey in Chapter 1. Turkeys show
quite another behavior than human beings; they obviously developed in the course
of evolution a world view, which is quite different from that of human beings.

All these species-dependent tools of evolution pull information from “all”
blocks (species), but merely a restricted information from each of these blocks. This
is due to the principles of evolution that dictate the maxim “as little outside world
as possible” (Section 4.1). This amount of restricted information constitutes a mixed
information where all blocks participate. Here, in general, “all” objects are con-
cerned but a restricted amount of information with respect to each object as well.

Not the complete information in connection with “one” block is registered through
the tools of evolution, but a reduced part from “each” block, that is, from each species.
This is actually what a human being observes. Such situations reflect just that what we
understand under the maxim “as little outside world as possible.” In the picture of re-
ality of a specific species the information of “all” species appear, but only a part of
them. This part is selected in accordance with what is “useful” for the observer.

5.3 Local interactions and block interactions 199

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



5.3.3 Useful portions of all aspects

The members of a species notice “useful” portions of “all” aspects of the world out-
side (environment). This species-specific information is assessed from the point of
view of species-typical pictures of reality. As we already know, these pictures come
into existence through the mind of the observer (human being, turkey, etc.). The
mind processes the useful portions, pulled from basic reality, and it creates the pic-
ture within a certain representation frame, which is expressed by space and time in
the case of human beings.

Clearly, the mind with its processing characteristic, which we denoted by η in
Section 4.1, are individual entities and are therefore also observer specific and spe-
cies specific, respectively. In particular, it has to be assumed that the representation
frames is species specific as well.

In conclusion, the members of a species deal with “useful” portions of “all” as-
pects of the world outside (environment) and create a species-typical picture from
this information. Thus, the point of view varies from species to species and must be
considered in the assessment of living biological systems and all the other entities
in the world outside.

5.3.4 Interaction types

The interaction processes are physically real and therefore take place in basic real-
ity. We may assume that there is a superposition of interaction types, corresponding
to the types of observed effects.

We remarked earlier that we have to distinguish between local and global inter-
action types: local with respect to “single objects” and global in connection with
“groups (blocks) of objects,” which define species. We assumed that there are N ob-
jects in basic reality. Then, the local interaction is expressed by

γi $ γj
i, j= 1, 2, . . . ,N, i≠j

(5:2)

We suppose that this local interaction type is superimposed by a global interaction
part. What does “global”mean in this connection?

Let us assume that there are , species in the cosmos. We denoted a species also
through the terms “biological state” or “block.” Each of these , blocks consists of
blockk objects and this number varies from species to species, where k labels the
species, that is, we have

blockk, k = 1, 2, . . . , , (5:3)
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The interactions themselves with respect to the specific blocks k= 1, 2, . . . , , are ex-
pressed by

k = 1:

γi !
block interaction 1

γj ) i, j= 1, 2, . . . ,block1, i≠j (5:4)

k = 2:

γi !
block interaction 2

γj ) i, j= hm2 + 1, hm2 + 2, . . . , hm2 +block2, i≠j
with

hm2 = block1

..

.

(5:5)

k = s:

γi !
block interaction s

γj ) i, j= hms + 1, hms + 2, . . . , hms +blocks, i≠j
with

hms =blocks− 1

..

.

(5:6)

For the starting condition of the next block k = s+ 1 we have

hms + blocks = hmðs+ 1Þ (5:7)

Since the number of objects in the world remains constant, the following condition
holds:

X,
k = 1

blockk =N (5:8)

Not all objects of the world, denoted by Nworld, belong to the realm of biological sys-
tems. Therefore, we have N <Nworld, but in principle N may comprise all objects in
the world: N =Nworld.

The block interactions vary from species to species, and we have

block interaction 1

≠block interaction 2 � � �
≠block interaction s≠ � � �

(5:9)

In conclusion, a specific biological state (species) comes into existence through
physically real interactions between physically real objects, which are located in
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basic reality. During the evolutionary process for the formation of a certain species,
say k, the objects i, j within a block, expressed by

i, j= hmk + 1, hmk + 2, . . . , hmk + blockk, i≠j (5:10)

interact with each other, where hmk + 1, . . . labels the objects inside block k. The
blocks contain temporary a certain number of objects, which varies however in the
course of time. Finally, we have , species (blocks or biological states) consisting of
physically real objects, whose numbers inside a block are in general different of
each other and we have

block1 ≠ block2 ≠ � � � ≠block, (5:11)

It is important to underline that to each block (species), observers of the same kind
are associated. We have therefore species-dependent point of views with specific
frame of references, which is given in the case of human being by space and time
having the elements x, y, z, τ.

5.3.5 Stationary states

To a specific biological block belongs an observer type (human being, etc.) with a
specific sensory apparatus. All species develop evolutionary and of course their ob-
serving members as well. It is an “observed block (species)” with “observing mem-
bers,” quite in analogy to that, what we have remarked earlier in connection with
“observed world.”

In other words, in the course of clock time τ, the block (species) changes and
also the observers with their sensory apparatuses, which belong to the biological
block (species). They develop in mutual dependence:

observed species ðτÞ $ sensory apparatus ðτÞ (5:12)

The , biological blocks and their members develop evolutionary, and we suppose
that all blocks behave similarly:

speciesðτaÞk $ sensory apparatus ðτaÞk
speciesðτbÞk $ sensory apparatus ðτbÞk

..

.

speciesðτfinalÞk $ sensory apparatus ðτfinalÞk
with

τa < τb < � � � < τfinal

(5:13)
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The time dependence is effective until the closed system law is fulfilled. Then, the
species and the sensory apparatus do not develop further and become stationary.

Let us assume that this case is given at τfinal k = ðτfinalÞk; at clock time τfinal k the
evolutionary development is finished. The various species reach their stationary
state at different clock times:

τfinal 1≠τfinal 2≠ � � �≠τfinal , (5:14)

For times τ> τfinal , the biological block as well as the sensory apparatus have the
properties

sensory apparatus ðτfinal kÞ= sensory apparatus ðτÞ
τ> τfinal k

(5:15)

and

species ðτfinal kÞ= species ðτÞ
τ> τfinal k

(5:16)

The species, that is, the biological blocks, and the sensory apparatuses behave sta-
tionary for τ> τfinal k. Then, the closed system law is fulfilled. The evolutionary pro-
cesses are finished. This is definitely the case for clock times τ> τfinal k, unless we
put a member of a species into a new environment.

Remark
In connection with the definition of blocks (species), the interaction between the
environment and the sensory apparatus is fundamental. During the evolutionary
processes, the state of the complex “sensory apparatus and environment” is chang-
ing. That is, the species-creating interaction refers to the complex “sensory appara-
tus and environment,” but may change as well in the course of time τ.

5.3.6 Species-dependent world views

An observer, for example, a human being, which belongs to a specific species, is
clothed with a sensory apparatus adapted to this specific biological block. He/she
experiences the world exclusively on the footing of this sensory apparatus. He/she
assesses all the other species with respect to this sensory apparatus. Another ob-
server, for example, a turkey, which is based on another biological block, that is,
which belongs to another species, experiences the world in another way. The tur-
key’s sensory apparatus is different from the sensory apparatus of human beings,
and the entire world before its eyes is seen differently from that what a human
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being sees in the same situation. The experiment by Wolfgang Schleidt demon-
strated that impressively (Chapter 1).

The evolutionary selection processes between the human being’s sensory appara-
tus (five-sense system) and the world outside cause that the “observed” world outside
contains just the information, which the five senses define, no less, no more. This is
of course also true for turkeys: The evolutionary selection processes between the tur-
key’s sensory apparatus and the world outside cause that the “observed” world of
the turkey contains just the information, which its sensory apparatus defines, also
here no less, no more.

5.4 Species-dependent features

We have a lot of species on the earth and the members of each species construct a
picture of the physically real world (basic reality). The structures of the pictures are
identical for the members of a certain species. What picture type of what species is
realized in basic reality? None of them! None of them is preferred in basic reality. This
is in fact solved through the conception itself: The structures in basic reality are not
identical with those in the picture. This is only what we can state about basic reality.
The reason is obvious: As we remarked many times, there can be no space and no
time in basic reality because space and time do not belong to the class of physically
real entities. This fact is valid for all kinds of species if the reality-observer principle is
valid.

5.4.1 Interaction processes determine the evolutionary facts

We assume that the unit γenv (Section 4.9) does not vary with time τ but the evolu-
tionary processes are reflected through the picture that is selected from the raw in-
formation αenv which is, on the other hand, pulled from γenv. The entity αenv is
dependent on the species under investigation, and this is because the tools of evo-
lution are species dependent.

The members of a certain species can merely know a specific form of the world
outside, which we called in Section 5.1.2 “observed world” or “observed environ-
ment.” This observed world develops evolutionary in the course of clock time τ.
Thus, biological evolution is an observer-specific effect and refers to developments
with respect to clock time τ. It is through the interaction in basic reality; the “order”
in connection with evolutionary effects is determined by the physically real interac-
tions in basic reality, but it is “deciphered” through the time τ. This statement needs
more attention.

The processes are observed through members of various species, and such a
member is located as physically real entity in basic reality. Let us study the situation
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in connection with human beings and let us denote a human being in basic reality by
γhuman. On the other hand, the physically real environment is denoted by γenv. In
order to be able to learn something about the environment, the human being has to
interact with the environment, that is, there is an interaction process between γenv
and γhuman, which is symbolically expressed by γhuman $ γenv. Since evolution be-
longs to the category of physically real processes, the interaction must produce these
evolutionary effects. How is that expressed in basic reality? We have principally no
access to basic realty and cannot say something about the interaction mechanism,
but general statements are possible.

5.4.2 Compressed information

The system (world) can be assumed to be stationary with respect to the clock time τ.
We always argue in terms of τ; our intuition is tailor-made to τ, and we have no direct
access to other standards. The world behaves stationary in basic reality, that is, out-
side space and time. This point will be deepend in Section 5.13.5.

Stationary means that the world does not develop. The entire (complete) world
or system is given at each time τ, that is, all at once. The characteristics of the
world and other systems are given all at once and are given in “compressed” form.
In this way, the term “compressed form” is defined.

The world exists all at once
However, the world and the systems are not experienced all at once, but piecewise,
part by part. None of the parts of the world is preferred concerning their existence
at each time τ, and none of them is excluded within the observation procedure. In
other words, all parts have to be seen as equivalent.

In conclusion, in the course of time τ the parts of the world are not existent one
after the other, but all at once. If, for example, the world consists of k parts, each of
them is in principle tangible at clock time τ; again, all the parts are equivalent and
none of them is preferred concerning their existence at τ.

Probability distributions
Then, we are confronted with a statistical problem. There must be a probability dis-
tribution for the k parts at τ: the probability aspect is an observer-induced property.
The statistical behavior is coercive when the entire information about the world or
any other system cannot be experienced all at once.

From this point of view, the statistical behavior is not an objective category of
nature, but is observer dependent. An observer type who would be able to register
the entire system (world) all at once would not experience the world as an entity
with statistical behavior.
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5.4.3 Three facts

In Section 5.4.1 we discussed the interaction between a human being and his en-
vironment and denoted it by (γhuman $ γenv). The complete interaction takes
place “instantaneously” and is stationary in character and is not a function of
time τ, but is, because of the instantaneousness, an information in “compressed”
form (Section 5.4.2).

The facts in basic reality have no relatedness to space and time. The elements
x, y, z, τ do not appear in basic reality, that is, the facts (the interaction processes) in
basic reality are independent on x, y, z and also on τ. In conclusion, the facts are
unrelated to x, y, z, τ.

On the other hand, human beings are caught in space and time and they can as-
sess the situation only from their point of view. The facts concerning γhuman $ γenv are
therefore constant for a human being independently from the clock time τ. This is a
fact when we work within the reality-observer principle. There are three facts that are
relevant in the assessment of processes within the frame of the projection principle.

First fact
The information about the interaction process γhuman $ γenv is given in “com-
pressed” form in basic reality. This is the first fact.

Second fact
The second fact is that this complete information concerning αenv is projected onto
space and time. The complete information is then “distributed” on a time interval
Δτ with respect to the clock times τ, which is defined by the complete information
αenvwith τa ≤ τ≤ τb, where τa is the initial time and τb is the final time, that is, at
clock time τ only a part of αenv is observable.

Third fact
The third fact is that the human being observes only x, y, z structures at clock time τ.
These structures (houses, trees, cars, etc.) appear before the eyes of the human
being. Also this fact belongs to the realm of evolution, because we deal here with a
selection process.

5.4.4 Species-selected information

The facts, αenv, are constant at each time τ between the initial time τa and the final
time τb ðτa ≤ τ≤ τbÞ. This constant information at each time τ in Δτ ¼ τb � τa defines,
as we already quoted, the information in compressed form. It is an assessment from
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the point of view of a human being who is caught in space and time. The complete
information about the interaction process γhuman $ γenv is expressible in terms of
space and time. The time-dissolved form only contains a part of the complete
information.

The environment, expressed by γenv, contains the evolutionary order in com-
pressed form and the members of a certain species have access to it through the
selecting tools of evolution. The entity αenv is the species-dependent part of the
basic information γenv ðγenv ! αenvÞ, that is, also αenv contains the evolutionary
order in compressed form.

Compressed facts and deciphered information
This behavior is due to the feature that the interaction processes take place instan-
taneously in basic reality, that is, it contains at “each time τ” the complete interac-
tion terms (possibilities). The observer perceives the complete information αenv, but
not as compressed fact but in deciphered form.

As we have already outlined earlier, the complete information is “distributed”
on a time interval Δτ with respect to the clock times τ, which is defined by the com-
plete information αenv with τa ≤ τ≤ τb, where τa is again the initial time and τb is
the final time. That is, at clock time τ only a part of αenv is observable.

The reason for that is obviously also here explainable by the “principle of use-
fulness.” It is less burdened for a human being to treat the environment piecewise
and not as a compressed block. Such a procedure is more useful for survival.

Therefore, the members of “each species” have their own species-dependent
law of evolution, depending in particular on the frame of representation and the
tools of evolution.

The species-dependent law of evolution is based on the compressed interaction
law between the observer of a species and the environment in basic reality, and this
exists τ independent but in the form of instantaneous information. In Chapter 6, we
will formulate mathematically the laws for this behavior quantum-theoretically in
connection with a quantum aspect of time, which is not known in traditional quan-
tum theory. In this way, compressed states as well as states in deciphered form can
be described convincingly.

5.4.5 Varying the species

Let us consider a human being and an animal. What do we expect for two species
that are different from each other? We want to assume that the reality-picture prin-
ciple is valid for both, for the human being and for the animal. Here we have to
assume that the complete perception procedures for both species are different from
each other.
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Then, the physically real part of the animal γanimal and that of the human being
γhuman are different from each other. This is trivial. However, also the tools of evolu-
tion, the processing characteristic η as well as the pictures of reality together with
representation frame of both biological systems are differing. In particular, the
frame of representation, which is given in the case of the human being by the ele-
ments x, y, z, τ, takes for the animal other features and are characterized, for exam-
ple, by the elements r, s, p, μ.

Then, in the transition from a human being to an animal, the following items
are changed:

γhuman, tools of evolutionhuman, ηhuman, picturehuman env ðx, y, z, τÞ
#

γanimal, tools of evolutionanimal, ηanimal ,pictureanimal envðr, s, p, μÞ
(5:17)

with

γanimal≠ γhuman (5:18)

tools of evolutionanimal ≠ tools of evolutionhuman (5:19)

ηanimal ≠ ηhuman (5:20)

pictureanimal env ðr, s, p, μÞ≠pictureanimal env ðx, y, z, τÞ (5:21)

The various elements are connected through the reality-picture principle and we
obtain scheme (5.22):

(5.22)

human                    

human env

human

tools of evolutionhuman

HUMAN BEING

picturehuman env
x, y, z, 𝜏

animal

animal env

animal

tools of evolutionanimal

ANIMAL

pictureanimal env
r, s, p, 𝜇

env env

Because of these transformation characteristics, the picture of the environment,
which the animal experiences, is different from the picture that the human being
has before his eyes, although the same environment is concerned.

This is an assessment from the point of view of projection theory and should be
valid in this form when we go from species to species.

208 Chapter 5 Matter

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



5.4.6 The situation for human beings

We do not know the situation in connection with animals, but we are able to make
statements with respect to human beings. Human beings are caught in space and
time. Thus, the physically real interaction γhuman $ γenv can only be assessed from
the point of view of the picture, which is a x, y, z structure at each clock time τ. We
already analyzed the situation in Section 4.5 for a stone, but we would like to ex-
tend that through an environment consisting of three entities: a car, a house and a
tree (see Figure 5.3).

5.5 Variants

We denote again the physically real environment in basic reality by γenv. The , spe-
cies experience the environment γenv differently. We have , variants of the same
thing. These variants are expressed through pictures. However, all variants must be

(x, y, z, τ  structure in the mind of B)

αHUM, αCAR, αHOUSE, αTREE

θHUM, θCAR, θHOUSE, θTREE

(x, y, z, τ human being B)

P *

A

macroscopic

(basic reality)

ηB

γhum

γhum

γhum

tools of evolution B

(mind of B)

Figure 5.3: Human being A (symbolized by γhum) interacts with his environment γenv: γhum $ γenv.
It is a sight process, taking place at the macroscopic level. We assume that the environment is
composed of a car γCAR, a house γHOUSE and a tree γTREE. The picture contains the x, y, z, τ structures
θCAR, θHOUSE,θTREE of the car, the house and the tree that are represented in the space–time frame
x, y, z, τf gB of human being B. Human being A with eyes is represented in the picture as well and is
denoted by θHUM. As in Figure 4.5, the entire situation is again assessed from the point of view of
human being B. The “observation” of the car, the house and the tree through human being A must
lead to pictures XCAR, XHOUSE, XTREE in the mind of A, which are represented within the space–time
frame x, y, z, τf gA of human being A. Due to the interaction between the brain P of human being A
and the three entities car, house, tree, the brain itself is changed, and it converts into an excited
state indicated by P*, as in connection with Figure 4.5. Other entities of the environment (photons,
etc.) are not indicated in the figure. The position of the pictures XCAR, XHOUSE, XTREE inside human
being A has to be identical with the positions of θCAR, θHOUSE, θTREE, which is indicated in the figure
by the arrows going from A to θCAR, to θHOUSE and to θTREE.
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simultaneously stick in γenv. It is a certain kind of superposition, but we have to be
careful since a picture is different from that what is located in basic reality; due to
the evolutionary effects the picture is a reduced form of basic reality and reflects a
projection as we know.

The variants must be simultaneously stick in γenv. How that is accomplished
cannot be analyzed from the point of view of a human being because there is no
access to that what happens in basic reality. This is probably also the case for mem-
bers of other species.

It is even difficult to construct a metaphor for that. The rainbow is certainly a
bad example, but let us nevertheless quote it here: The light of the sun is composed
of many colors as we can perceive when a rainbow appears. The white sun light
corresponds to γenv and the various colors correspond to the pictures created by the
various species.

5.5.1 Various pictures of the same thing

The physically real entity γenv is composed of many species-dependent information
and each of them represent the same thing, that is, they represent the environment
γenv. These species-dependent information are pictures:

pictureenv k, k = 1.2, . . . , , (5:23)

γenv

pictureenv 1

pictureenv 2

..

.

pictureenv ,

8>>>>><
>>>>>:

(5:24)

with

pictureenv 1≠ pictureenv 2≠ � � �≠ pictureenv , (5:25)

Even the representation frames can be different from species to species. The repre-
sentation frame of human beings is given by space and time, but other species may
in principle not work on the footing of space and time.

5.5.2 Local and global effects

Concerning evolutionary developments, we have to distinguish between two cases, which
come into existence through various interaction types. Let us briefly discuss both cases:
1. In Section 5.1 we studied an observer with a certain sensory apparatus. This ob-

server changed the environment, from environment 1 to environment 2. The
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sensory apparatus fulfilled the closed system law for environment 1, but not for
environment 2. This situation gives rise to an evolutionary process with respect
to the sensory apparatus. The observer interacts with the new environment 2
and his sensory apparatus changes until it is adapted to environment 2. Within
the frame of this interaction type, objects are observed at various levels. Facets
come into existence that are based on “local” effects (Section 4.3).

2. The second case refers to the evolutionary development of biological blocks
(species). There is a tendency for the generation of “group formations” (crea-
tion of species, see Section 5.3). These group states reflect “global” effects.
Through these group states specific biological blocks (species) are created
with characteristic properties and, as we know, there are many of them in
(biological) nature.

In summary, in connection with the projection principle we have to distinguish be-
tween two interaction types: local and global interactions, leading to levels (facets)
and group formations (species). The facts are represented in Figure 5.4.

Remark
The formation of specific biological blocks (species) must not come into existence
through species-specific interactions between physically real objects. In principle,
the creation (formation) of species could also be established in a collective way with-
out block-specific interaction types. There is possibly a certain analogy to the cluster
formation with respect to the relatively simple many-particle systems in solid-state
physics. In the formation of species, the physics of becoming is probably essential.

The main problem in connection with the evolutionary development of biological
species and blocks, respectively, is the fact that within the development of quantum
structures the “time” cannot be described quantum theoretically in traditional physics
since the time is here still a classical parameter. Thus, in future descriptions, the quan-
tum aspect of time has to be introduced adequately. This point has been underlined in
Chapter 1. The projection principle is able to treat the phenomenon “time” quantum
theoretically. Everything is interlocked: mind states, matter and quantum aspect of
time. More details are given in Chapter 6.

Levels

Species

Figure 5.4: The physically real objects of the world are
organized in terms of two interaction types: local and
global interactions. Within the frame of local interactions,
facets come into play, which are distributed on “levels.”
On the other hand, the global interactions lead to group
formation, which are known under the notion “species”.
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5.6 Nanoengineered brain functions

The members of a certain species (let us denote it by the letter F) can only assess
the situation of other species from their point of view, but cannot take the point of
view of a member of another species. The members of species F can be, for exam-
ple, defined by human beings and the other species could be an animal (e.g., a tur-
key, Chapter 1). The members of species F live in “world F.” The members of
another species, say D, live in “world D.” According to Section 5.5, world F is differ-
ent from world D:

worldD≠worldA (5:26)

The reason is simple. The members of species D interact with the environment in
another way than the members of species F, and they developed their own species-
specific sensory apparatus. But there is a further point: The members of species D
create in general pictures of reality on the basis of another frame of representation,
which can in principle quite different from space and time, that is, the elements
x, y, z, τ do not appear in this case. That is, for the members of species D space and
time with x, y, z, τ are unknown and, on the other hand, the frame of representation,
valid for species D, is unknown for the members of species F, which we assume to
be human beings.

5.6.1 No higher ordered point of view

The members of each kind of species are caught in their own world; in this case,
with respect to world F and to world D. World D cannot be assessed from the point
of view of world F and vice versa. There is no higher ranking point of view for the
assessment of all these possible worlds. Such a higher ordered state is not defined
within projection theory and is even not thinkable.

This situation has consequences: If a human being (assumed to be a member of
world F) changes body functions of an individual of world D, he/she will have only
a restricted possibility to assess the behavior of the individual of world D after a
brain-functional (nanotechnological) manipulation. The human being does the
changes from the point of view of world F, but the effect takes place in another
world, namely, with respect to world D. This is a remarkable and far-reaching state-
ment and demonstrates that a nanotechnological impact, which takes place at ulti-
mate level, can lead to uncontrolled situations.

Within the frame of the projection principle we come to an important conclu-
sion: The members of species F assess the world outside differently when we com-
pare it with the world view of species D.

Are such constructed situations in nature thinkable? Are they observable? Yes,
it is. The experiments by Wolfgang Schleidt within the realm of behavior research
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(we called it “chick experiment” in Chapter 1) demonstrate that turkeys behave in
fact differently from human beings and both belong to different species (biological
states). These experiments are dramatic and had in fact not been expected by the
scientific community.

5.6.2 The ethical standpoint

In this respect, the usual body changes through surgeries will not be so dramatic.
But with the manipulation of brain functions, we go a step further. Here we enter
the brain–mind realm. The chick experiment belongs to this category and this ex-
periment has led to an uncontrolled situation (Chapter 1). Here the brain functions
are influenced through the manipulation of the environment of the turkey, indicat-
ing that the world view of a turkey is different from the world view of a human
being.

When a human being (world F) changes nanotechnologically the brain func-
tions of a member, which belongs to world D, he/she changes the brain functions
at the “ultimate level” (Chapter 1). Thus, the effects due to such changes can be
expected as fundamental. The human being cannot know the effect of the brain-
functional changes on the life conditions in world D, and this is because the
human being, member of world F, is caught in space and time, which is unknown
with respect to world D. A member of world F has assess merely on what happens
in world F.

Such kind of brain-functional experiment in the nanorealm has to be performed
very careful, and its possible effects have to be assessed “before” the experiment
starts. However, such an assessment will hardly be possible and, therefore, such
far-reaching experiments should be barred; we should relinquish on them. The ethi-
cal standpoint dictates that the chick experiment has in fact be considered as ques-
tionable when we measure with the yardstick of ethics.

The chick experiment demonstrates that the existence of species (biological
states, characteristic blocks) is fundamental. Far-reaching consequences for the
members of the species are inescapable, just when the members are confronted
with the individuals of other species.

The projection principle allows the development of a conception, which allows
to understand the main features of such a scenario. Here, physically real objects
and the mind and the brain of an observer can be ordered systematically. This is
important since all these entities are obviously interrelated as the experiments re-
veal. In particular, the frames of presentation (space and time in the case of human
beings) have to be considered as species specific as well. Concerning the interrela-
tions, more details are given in the next section.
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5.6.3 What is changed within nanotechnological alterations?

What kind of effects do we expect when we change brain functions through a nano-
technological impact? Here not only the members of other species are concerned, but
the members of the human species as well. That is, what can we principally expect
when we change brain functions of a human being at the nanolevel?

In Section 4.9.5 we have underlined that there must be a coupling between the
brain and the mind. The processing characteristic η has to be considered as the cou-
pling parameter. The coupling constant η is not a simple number but reflects a pe-
culiarity; the mind of the human being processes through the η information from
basic reality (world outside) and creates the picture of reality that we have directly
before us in everyday life.

The coupling between brain and mind is expressed within the frame of the pro-
jection principle by the peculiarity that the mind and the brain have the same proc-
essing characteristic η: If the characteristic η of the brain is changed also the
characteristic η of the mind is changed and vice versa. In other words, we have
not only the relations mindðηÞ ! brainðηÞ but also the law mindðηÞ  brainðηÞ
[eq. (4.39)].

This feature is well founded in Section 4.9. In the case of actions (Section 4.9.5),
the mind influences the brain. On the other hand, the brain influences the mind if we
manipulate the brain as, for example, through a nanotechnological impact; in this
case, the brain is changed at the ultimate level and this is fundamental.

In this section, we discuss the possibility for nanotechnological changes of the
brain (brain functions). There is in fact the principal possibility that through a
nanotechnological impact on the brain functions, the processing characteristic η is
changed from η to ηNANO. Then, from our statements made above directly follows
that the brain and the mind are changed correspondingly, that is, we get in the case
of the transition:

η! ηNANO (5:27)

Also the transition

brainðηÞ ! brainðηNANOÞ (5:28)

Equation (5.28) effectuates that the mind is changed simultaneously and we get

brainðηNANOÞ ! mindðηNANOÞ (5:29)

That is, also the mind occupies a new state with ηNANO:

mindðηÞ ! mindðηNANOÞ (5:30)
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The mind is responsible for the picture of reality, that is, the x, y, z structure at clock
time τ. The details are given in Figure 5.5.

Changing the frame of representation
In general, with varying processing characteristic η (η! ηNANO), the representation
frames are also changed. As we already discussed, the processing characteristic η is
responsible for the picture structure created by the mind. For η, we assumed that
the elements x, y, z, τ are effective, and for ηNANO we get the elements x′, y′, z′, τ′
(Figure 5.5) with

x, y, z, τ≠ x′, y′, z′, τ′ (5:31)

(a)

tools of evolution

picture

γ

α: mind(η)       brain(η)

η

(x, y, z, τ  structure)

(b)

tools of evolution
γ

τ

brain(η)

NANOTECHNOLOGICAL

IMPACT(x', y', z',(x', y', z',   '  structure) 

← ←

Figure 5.5: The brain functions of a human being are nanotechnologically changed. What are the
consequences? How does the impact propagate? The evolutionary selected information α (γ! α) is
not changed through the nanotechnological impact, and the tools of evolution are also not
influenced. (a) The situation without nanotechnological changes and (b) with such kind of changes.
(a) If the processing characteristic η of the brain is changed, also the processing characteristic η of
the mind is changed and vice versa. In the case of “actions,” the mind influences the brain. On the
other hand, the brain influences the mind and can be manipulated through the brain as, for
example, by a nanotechnological impact; in this case, the brain is changed at the ultimate level
and this is fundamental. (b) The brain is changed nanotechnologically, that is, the processing
characteristic η with respect to the brain is changed: η! ηNANO. Then, also the mind and the
representation frame are changed from x, y, z, τ to x′, y′, z′, τ′.
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Then, we have

ðx, y, z structure at time τÞ
! ðx′, y′, z′ structure at time τ′ÞNANO

(5:32)

The time τ (clock time) is an “external” parameter. The basic experience, on which
everything in the world is based, says the following: at time τ a human being has a
certain x, y, z structure before his/her eyes. Within the frame of the projection princi-
ple, the notation “external” here means that τ is located outside the space struc-
ture, that is, outside the x, y, z structure. The clock time τ is in any case an element
in connection with the picture (x, y, z structure) and, therefore, it is created by the
mind on the basis of η. Therefore, the clock time τ is dependent on the processing
characteristic η as well and not only the coordinates x, y, z. In principle, there can
be drastic changes depending on the degree of the change.

Internal compatibility but not with other human beings
In the case of brain manipulations, the concerned human being is in general influ-
enced basically. When we measure with the yardstick of projection principle, we
may state that even the individual’s world view can be changed. That is, the world
before his/her eyes in daily life has possibly no longer similarity with what he/she
saw before the brain manipulation.

In other words, due to specific manipulations of brain functions, the human
being produces in general a new world view. This can, however, only be happen if
the brain functions are changed at the fundamental level, and the changes due to a
nanotechnological impact are in general done at the fundamental ultimate level
where the properties emerge.

The world’s view of the concerned human being is changed, but it must be under-
lined explicitly in this connection that the world’s view of other human beings is not
changed. This can of course lead to serious problems for the brain-manipulated human
being.

It is easy to recognize that for a certain human being, the “observation” of the
world outside and the simultaneous “actions” within this new world view would be
compatible. This is because exactly the same processing characteristics hold for
“observation” and “action.” However, this new world view, which is based on
ηNANO, would not be in accordance with the world of the other members of the same
species, which is based on η≠ηNANO. Such a creature with ηNANO would probably not
be able to survive.

Furthermore, the transition η! ηNANO would take place at once, that is, not
within a certain time interval. However, evolutionary processes need a sufficiently
large time interval, that is, no evolutionary processes can be involved. No doubt,
this could lead to additional problems, because the sense apparatus of the con-
cerned human being is not adapted to the environment.
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5.7 The reality-picture principle

In Section 4.3.1, human being B “observes” an interacting unit consisting of human
being A and a stone. All three entities are physically real and belong to basic reality.
They are denoted by γB, γA and γSTONE. Human being A interacts with the stone,
which is symbolically expressed by γA $ γSTONE. Only human being B is involved in
an “observation process.”

What does human being B observe? He observes γA and γSTONE in their “inter-
acting” states, that is, observer B interacts with the stone and with A. The observa-
tion of the interaction process itself in γA $ γSTONE will not be captured because an
“interaction of interaction” (suggested by γA $ γSTONE) makes no sense and has to
be excluded.

5.7.1 Objective representations

What does observation mean within the frame of the projection principle? We need a
physically real observer; it is in this case human being B denoted by γB. The entity γB
interacts in basic reality with the object or complex, which human being B wants to
observe (here γA $ γSTONE). This is performed by the sensory apparatus of observer B.

The notion “observation” only makes sense if, beside the interaction trough the
sensory apparatus, an observation result is actually expressible. This condition is
fulfilled if a “picture of reality” is existent and defined, respectively.

That what is located in basic reality as an “objective” physically real unit must
appear in the picture as an “objective” unit as well, which is given at time τ as
x, y, z structure. That is, the “subjective” features belonging to the observer (in our
case human being B) are not of interest here. The picture itself is in our example in
the mind of human being B.

The observations are done within the macroscopic realm, where the sensory ap-
paratus is given by the five senses. They always appear in an unconscious way be-
fore our eyes (before the eyes of human being B). The corresponding interaction
process in basic reality is unconscious as well. In general, human being B observes
the entire environment and not only human being A and the stone. These everyday
life experiences are merely limited through the possibilities of the five senses.

5.7.2 Ideas and conscious actions

All that belongs to the realm of “unconscious” observation that we have spontane-
ously before us, as x, y, z structure at clock time τ. In this way, we perceive uncon-
sciously trees, houses, cars and all the other things we meet in everyday life.
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But there can also be a certain intention to observe the environment. Then, a con-
scious “idea” is behind the observation and the observation itself does not reflect no
longer simple unconscious observation. The idea to change the environment often
comes into existence through the conscious observation of the environment. In other
words, in the case of actions (Section 4.9), when we want to change the environment,
“conscious” states come into play.

The idea comes into existence on the footing of the picture before the human
being’s eyes. The idea itself initiate the mind to perform changes in basic reality,
which, on the other hand, are instantaneously transferred to the picture which be-
longs to the observing human being. This picture is located, as we know, in the
mind of the observing human being. The observation of the picture is necessary in
order to be able to create the idea.

5.7.3 Observer’s interaction and the space–time picture

The notion “observation” is characterized in projection theory through an interac-
tion process in basic reality and its representation in space and time as a picture. It
is an interaction between an observer and that what the observer wants to observe.
This process is tightly linked to the corresponding picture, which reflects the fea-
tures of the interaction process. Without the observer’s interaction in basic reality,
no picture in space and time, and without picture in space and time no interaction
of the observer in basic reality. This is the “reality-picture principle.” A picture in
space and time always means “observation.”

5.7.4 From basic reality to the picture of reality

From basic reality to the picture, various interstages are involved: The tools of evo-
lution of human being B as well as the mind’s processing characteristic η are essen-
tial. The following scheme is relevant:

basic reality ðobserverBÞ
! picture of reality ðmind of BÞ

*
tools of evolution of B,

processing characteristic ηB of B

(5:33)

The observer (human being B) makes statements about physically real objects and
processes in space and time. Scheme (5.34) summarizes the main facts: At each
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clock time τ, observer B has x, y, z structure before his eyes. The x, y, z, τ structures
come into existence through a procedure starting in basic reality over the tools of
evolution and the processing characteristic ηB:

τ:

observer! objects, processes
*

tools of evolution

processing characteristic

picture of reality : x, y, z structure

8>>>>>><
>>>>>>:

9>>>>>>=
>>>>>>;

(5:34)

All the interstages, indicated in eq. (5.34), do not take place one after another, but
they occur simultaneously at each time τ. In the next section, we will explain the
situation.

5.7.5 Instantaneous transitions

Again, the x, y, z, τ structures before the observer’s eyes come into existence through
a procedure starting in basic reality over the tools of evolution and the processing
characteristic ηB. This procedure takes place instantaneously. Let us justify that.

We may not consider the interaction process γA $ γSTONE in basic reality and its
space–time picture as separate events that take place successively. Both events be-
long to the same procedure, which we call “observation.” Each observation takes
place at a definite clock time τ. The interaction process γA $ γSTONE is not the
“cause” for the picture appearance, which would then play the role of the “effect.”
Such a “cause–effect” procedure is not reflected by the observations taking place
within the frame of the projection principle.

We have to distinguish between two cases. Case 1: In the cases of usual obser-
vations, the interaction processes in basic reality, which reflect the observation,
and which appears as picture in space and time, seem to be a cause–effect proce-
dure: First, the interaction and after that the appearance of the space–time picture.
This argumentation is, however, not correct, because there is the second case.
Case 2: A finger touches the geometrical structure in the picture and due to this
touch a physically real process takes place in basic reality and the picture is pro-
duced via the mind of the observer. This example has already been discussed in
Section 4.2.3.

The touch of the finger in connection with the picture cannot be the cause for
the physically real process in basic reality. If there is no interaction process in basic
reality, there can be no picture of reality. The problem is only solvable if the two
processes (interaction in basic reality and the appearance of the picture) take place
simultaneously.
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The process in basic reality has its counterpart in the space–time picture. There
is a strict connection between the physically real action between human being A
and the stone in basic reality and the movement of the stone in the picture. These
connections between the process in basic reality and the equivalent process in the
picture occur instantaneously. If the process in basic reality takes place at clock
time τ′a or at τ′b and the equivalent process in the picture at clock time τa or at τb
we must have

τ′a = τa (5:35)

τ′b = τb (5:36)

This means the term simultaneousness is in connection with basic reality and the
picture.

In conclusion, cause and effect take place simultaneously and, therefore, the
observation procedure cannot be assessed in terms of the traditional cause–effect
view with a certain time difference with respect to cause and effect. The traditional
cause–effect views refer to physically real processes where matter is involved. This
is, however, not the case when we consider the standard observation procedure
γ! picture. Clearly, an object in basic reality, here denoted by γ, reflects a physi-
cally real entity, but the transition from γ to the picture is not material in character;
here, the states of the observer’s mind are essentially involved and not matter.

5.7.6 Movements

In Figure 4.3, the space–time picture is shown that human being A has before his/
her eyes. In the picture, there is a stone, which can be moved by observer A with
his/her arms. Human being A can observe parts of himself/herself through a self-
observation as, for example, the arms of A, which is however not indicated in
Figure 4.3. Let us suppose that that human being A moves the stone. We have to
distinguish between two situations: The process in basic reality and the equivalent
activity in the space–time picture.

The physically real action between the stone and human being A takes place in
basic reality, but we do not know how it works. We have no access to basic reality,
but merely to space and time: We are caught in space and time, as we have re-
marked earlier several times.

The situation is assessed from the point of view of the picture as follows:
Human being A moves the stone relative to its environment (also not indicated in
Figure 4.3) from position a= ðxa, ya, zaÞ, at time τa, to position b= ðxb, yb, zbÞ that it
reached at time τb. We assume for simplicity that the movement is in accordance
with classical mechanics.
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At time τa, the state of the system under investigation is denoted by γa. γa inter-
acts and the state is changed. At time τb, the state of the system is denoted by γb.
We have

γa≠γb (5:37)

and

τa≠τb (5:38)

The equivalent process in the picture leads a movement of the geometrical structure
of the object (stone) from position a= ðxa, ya, zaÞ, starting at time τa, to position
b= ðxb, yb, zbÞ, which is reached at time τb. We have

xa, ya, zaf g≠ xb, yb, zbf g (5:39)

On the other hand, the transition time interval from γa to xa, ya, za, τa is zero, and
the transition time interval from γb to xb, yb, zb, τb is zero as well (see Figure 5.6).
Again, we do not deal with material processes in this case, and the cause–effect
principle in the traditional sense has no basis here.

5.7.7 The indivisible observation procedure

What does “observation” mean within the frame of the projection principle?
Observation means that certain things of the world outside become perceivable.
We already know that reality (world outside, environment) is defined as species-
specific unity and its properties are determined through the sense apparatus of
the members of a certain species (Section 5.1). But these processes do not yet de-
fine that what we call “observation.”
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Figure 5.6: Physically real processes take place in basic reality. At time τa, the state of the system
under investigation is denoted by γa. γa interacts and the state is changed. At time τb, the state of
the system is denoted by γb. The process in basic reality has its counterpart in the space–time
picture. The system (stone) moves within the time interval Δτ = τb − τa≠0 through the action of an
observer (human being A) from position a= ðxa, ya, zaÞ to position b= ðxb, yb, zbÞ. Whereas the
transitions from γa to xa, ya, za and from γb to xb, yb , zb occur instantaneously, the transition from γa
to γb takes place within the time interval Δτ = τb − τa≠0.
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When is an observation complete?
The perception of the species-specific unity is only possible under inclusion of
space and time, and this is because human beings are caught in space and time
and cannot leave space and time. The characteristic processes take place in basic
reality and are projected onto space and time, that is, the observation is only com-
plete through the inclusion of a space–time picture.

In other words, the notion “observation” can only then be a fact if the observer
interacts in basic reality with a species-specific object and if, in addition, there is a
representation in space and time. That is, the space–time picture and the interac-
tion of the observer with a species-specific object are not separable. Both character-
istics exist as “one” unity. It is an indivisible observation procedure. In Chapter 4,
this specific situation has been analyzed in more detail.

Species dependent and observer dependent
The world outside is not only a species-specific unity, but it is observer dependent
as well. Each observer lives in his own world, whereby the worlds of the members
of the same species are identical. The world outside is represented within the ob-
server-dependent frame of representation. Again, the frame of representation of
human beings is given by space and time. Other species may work on the basis of
other frames of reference.

Absolutely given objects
The objects of basic reality are existent as absolute entities and are, in the case of bio-
logical systems, also absolute in character within species-dependent formations. They
are all defined as absolute entities in basic reality, provided they are not observed. The
members of the various species experience the same physically real objects, which are
given in basic reality in absolute form, differently. The various situations reflect a su-
perposition (Section 5.5.1).

These entities of basic reality contain information in absolute form and are more
than the species-dependent information produced through an observer. That is, the
absolute world outside exists but only if there is no impact by an observer. As soon
as an observer is coupled to the absolute world, the absolute character gets lost.

When an object, say γi, interacts with an observer’s sensory apparatus, the ob-
server perceives it simultaneously as space–time picture, that is, he/she represents
the interaction result in a picture.

Clearly, the N objects γi, i= 1, 2, . . . ,N, in basic reality interact with each other,
that is, there are processes γi $ γk. However, such processes have primarily noth-
ing to do with what we called “observation.” An observation is initiated through
the application of the sensory apparatus. Then, the unit “interaction in basic reality
and the space–time representation” becomes active.
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Remark
The forming of species through global interaction processes (Section 5.1) can be under-
stood as a general evolutionary selection activity. On the other hand, the tools of evo-
lution select only those things from the environment of an envisaged processing
procedure that are useful for the acting observer. As an example for such a processing
procedure, we have treated in Chapter 4 the sight process. The sight process itself is
not (essentially) changed in the transition from basic reality to the picture.

5.7.8 Space and time are not subjects of observation

We do not know how basic reality is structured. Due to the evolution barrier
(Section 4.2.1), a human being is not able to assess the actual situation in basic reality.
But the basic reality (world outside) can be observed in restricted form as a picture in
space and time. The space–time is the frame of representation. Can this frame be con-
sidered as physically real unit? We have remarked several times that space and time
cannot be physically real. But is there still a backdoor to make space and time to phys-
ically real entities like matter? Let us briefly discuss this point in the following.

This transition from basic reality to the picture cannot be done directly because a
transformation is necessary. Here the “mind” of the observer is in the center. What is
the procedure?

The tools of evolution pull the species-dependent information from basic reality
and transfer it to the mind. No space and no time are involved. The mind processes
this information further with its processing characteristic η and creates the picture
in space and time. These processes due to the tools of evolution, and the creation of
the picture cannot be represented in space and time and are therefore not imagin-
able for a human being.

In fact, we want to observe physically real objects and not space and time, that
is, the elements x, y, z, τ. The objects are “represented” in space and time using the
elements x, y, z, τ; the entities x, y, z, τ themselves are not subject of observation. The
representation of x, y, z, τ in space and time would not be possible, and would in
fact make no sense because such a procedure reflects a “representation of represen-
tation.” In Section 4.9.6, we underlined that we cannot observe the elements
x, y, z, τ as physically real elements and, therefore, it makes no sense to picture
them like physically real (material) objects.

The information of the world outside is projected onto space and time. However,
space and time themselves are created in the course of the projection procedure, that
is, space and time are not existent in the mind of the human being as permanent en-
tities. Space and time are created through the mind if there is something to represent.
Space and time are superfluous if there is nothing to represent. Physically real objects
and the space–time are tightly linked, and one cannot exist without the other. The
picture itself is located in the mind.
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5.7.9 The relevance of everyday life experiences

The world outside appears spontaneously before us, that is, it appears uncon-
sciously before our eyes. This is in fact the most basic impression we have from the
world outside. Our theoretical conceptions are based on these impressions. It is the
orientation for all our developments.

In fact, there is nothing, which would be more important for human beings than
everyday life experiences. The relationship to the environment has to be perceived and
judged realistically through the observer, and this is essentially based on that what is
spontaneously as picture before his/her eyes. A misjudgment in connection with the
structure of the picture can in fact be life-threatening. This situation makes everyday
life experiences to the most relevant symptom in the assessment of the world out-
side [74].

So, for human beings these direct observations are the basis for everything;
they are even the yardstick for developments in theoretical physics. If a theory is
not in accordance with what we have before our eyes in everyday life, the theory
has to be discarded. This statement is confirmed through John Ziman. He wrote:
“Failure to accord with reliable ‘commonsense’ evidence is quite as discreditable as
falsification of a theory by a contrived, abstruse experiment” [74].

The spur to the measuring of natural observations arises at the level of every-
day life; without it, no measurable fact would be known [75]. In other words, the
five-sense world reflects the most basic facts and are the starting point for all more
sophisticated developments.

That particularly also means that in the scientific field one cannot do without the
visual experiences of everyday life. The verbal description without the visual picture
is incomplete [74]. In any case, verbal descriptions themselves nearly always refer to
other similar visual patterns. John Ziman wrote:

How would one define the adjective “serrate”, except to say it was “like a saw”? Try to imagine
a purely verbal account of such an object, without actually drawing a picture or seeing an actual
specimen. We need not to led astray by the numbers that occur in such descriptions. These
merely summarize, in consensible language, the outcome of other sensory experiences, such as
counting and measuring and will seldom be amenable to the logical transformations of any
mathematical theory [74].

After that, a mathematical description of everyday life observations is only possible if
they are really imaginable, and things are imaginable exclusively in space and time.
We know that human beings are caught in space and time and this means that only
the things in space and time are imaginable. The statement by John Ziman distinctly
underlined [74] that only things are accessible to mathematical descriptions if they
are presentable in space and time. That what is not presentable in space and time is
not imaginable and cannot be expressed through mathematical laws. The verbal de-
scription without the visual picture is, as John Ziman stated, incomplete.
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In other words, we base our descriptions essentially on that what we experience
in everyday life, that is, the things that are faced in daily life play an essential role
also in the scientific realm.

5.8 Are space and time given twice in nature?

The pictures before us in everyday life are pictures of material objects in space and
time. The objects in the picture reflect physically real objects of basic reality in the
form of geometrical structures.

These geometrical structures are strictly interwoven at each time τ with space. In
other words, the objects and the space–time are not separable. This is a requirement of
projection theory. Space and time are in fact needed to express the geometrical struc-
tures, which reflect the material objects as picture. This is the view of projection theory.

Separability
The peculiarity of the projection principle that the material objects and the space–time
are not separable is really observed in nature. No effect is known in nature where the
material objects appear separate from space and time. This is a relevant statement
when we judge effects within the frame of the projection principle. What about tradi-
tional view?

In traditional physics the situation is different. The material objects are located
at each time τ in space; the notion “basic reality” is unknown here. Also here the
objects have the relevant property not to appear without space and time, but this
statement is based on experimental experiences. That is, in traditional physics we
observe the material objects without exception in space and time, but we believe
intuitively that the space–time and the objects are separable and that they can exist
independently from each other. But there is no case observed where such a separa-
bility and independency can really be observed.

The projection principle explains this behavior and requires in fact that the
space–time and the objects cannot be considered as separable entities. In tradi-
tional physics, such a possibility is principally allowed and would in fact corre-
spond to our intuitive demands when we assume that the physically real objects
are embedded in space and time. The projection principle does not allow separabil-
ity, and this in fact observed.

5.8.1 The features of space and time are the key

Human beings developed in the course of evolution not to perceive the “absolute
truth,” but their biological structure developed after other criteria, which can be
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summarized under the term “principle of usefulness.” We already applied this term
several times in this book. In other words, human beings (and probably also other
living biological systems) perceive only those things of the world outside that are
“useful” for them. What is the deeper reason for that?

The projection principle reveals the cause why we do not perceive the absolute
truth, which we called above basic reality. Let us discuss more details in this section.

Space and time are the elements of the picture
The specific features of space and time are the reason for the occurrence of basic char-
acteristics in the material (physically real) world outside. As we have underlined in
Chapter 1, space and time, that is, the elements x, y, z, τ, are not physically real. They
are not accessible to empirical tests and can principally not be measured by devices.

That what cannot be measured does not belong to the class of physically real
objects. Therefore, space and time cannot belong to basic reality, where exclusively
physically real entities are embedded and, as we underlined several times, space
and time do not belong to this class of manifestation.

This must have consequences: Space and time (x, y, z, τ) are the elements of the
frame of representation for the picture of reality, which is located in the mind of
human beings. Space and time (x, y, z, τ) cannot belong to basic reality where exclu-
sively physically real entities are embedded.

Basic information and perceivable facts
Human beings are caught in space and time and perceive only what is given in
terms of space and time. Basic reality is not accessible to human beings, but it con-
tains the basic information about the world. This means that information must be
transferred from basic reality to the picture.

Thus, a transformation takes place from basic reality to the picture of reality.
Such a transformation only makes senses if it is connected with a specific purpose.
A “one-to-one-transformation” of information would be a dead and superfluous ac-
tion; nature would not be organized in this way. Why not an observation directly in
basic reality, in this case, without space and time? This is, however, not the way
and is not imaginable. On the other hand, the way over a transformation must have
a reason and purpose, respectively.

No one-to-one transformation
A one-to-one transformation would be the maximum transfer of information. Due to
the specific τ-selections (Section 5.4.4), it must be less than the maximum. Only a
part of the maximum information is used through a human being, a part that is rel-
evant for human beings. This is the requirement of the projection principle, which
is based on realistic space–time features.
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What part of the maximum information (absolute truth) is it, which is trans-
ferred? What is the cause for it? What is the criterion and the law behind that? Also
here the projection principle contains in principle the answer. We may argue as fol-
lows: Only the notion “usefulness” can be the reason for the deviation from the ideal
way of maximum information. The human being developed with respect to this char-
acteristic. This is in fact that what is usually reached under the phenomenon “evolu-
tion,” that is, human beings developed in the course of time in the direction of
perfect usefulness.

In our case here, the “principle of usefulness” is a requirement of the projection
principle. The time-developing process is in this connection a relatively unimpor-
tant detail.

Conclusion
In conclusion, the specific features of space and time emerge not only the projection
principle but the essential characteristics of evolutionary phenomena as well, partic-
ularly the principle of usefulness. In particular, we recognized in this connection that
the absolute truth (basic reality) is not comprehensible but it definitely exists.

A lot of scientists are firmly convinced to have the final laws of nature (absolute
truth) in their hands soon, and there are prominent physicists among them. But
this is obviously only a dream and not reachable when we measure with the yard-
stick of the projection principle.

5.8.2 Beyond the material level

The principle of usefulness could be considered as absolute feature if there is noth-
ing else in the world outside but merely the material reality. This is in fact the case
if the container model of traditional physics is considered. Projection theory offers
a more sophisticated view. The principle of usefulness refers here to the material
level but there is more than the material world.

Usefulness means within the projection principle that with the tools of evolu-
tion only the helpfulness is selected, that is, the useful from the general states of
basic reality, which are not accessible. If also the general state would reflect only
useful facts, the tools of evolution would not be necessary.

The tools of evolution exist because there are qualitative differences with re-
spect to the information and we may assume that not only useful characteristics are
transferred from basic reality to the mind. The useful part for human beings is de-
fined through the five senses at the macroscopic level. But there are other levels
(the atomic level, see Figure 4.2). The projection principle opens the door for more
sophisticated views.
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No doubt, the material part, experienced by human beings in everyday life, is
dominant, and this is because the material level developed very early in the course
frame of evolution. But it is the most simple level and served at the beginning of the
development of human beings in nature, mainly for survival. In the course of time,
states of the mind developed more and more, but the material level could not be
passed and it is still dominant. We do not know how the states of the mind are influ-
enced by evolution. Nevertheless, through the conscious impact on mind states,
thinking with all its facets can be moved more into the foreground.

5.8.3 Where are the tools of evolution positioned?

The members of a species pull only a part of the maximum information from basic
reality. It is the raw information α, which is a part of the physically real (material)
entity γ in basic reality (Section 4.2). α is the part that is “useful” for the individual
in his/her actions in everyday life. The remaining information γ− α included in γ is
permanently ignored.

The entity α is located in the mind of the observing human being and is that
what we called “useful” information. This phenomenon has already been discussed
within traditional views. In Section 4.1.4 we cited in this connection Hoimar von
Ditfurth; let us repeat the essential point here. He wrote:

No doubt, the rule “As little outside world as possible”, only as much as is absolutely neces-
sary is apparent in evolution. It is valid for all descendants of the primeval cell and therefore
for ourselves . . . In principle only those qualities of the outside world are accessible to our
perception apparatus, which, in the meantime, we need as living organisms in our stage of
development. Also our brain has evolved not as an organ to understand the world but an
organ to survive. [73]

It is remarkable that the principle of usefulness is obviously a consequence of spe-
cific space–time properties. The τ-selection (Section 5.4.4) reflects this principle.

The stationary limit
The quantity α is a stationary information, which developed in the course of evolution
within a certain time interval Δτ= τb − τa, where τa is the starting point of the evolu-
tionary process and at τb the evolutionary development is finished. The selection
mechanism remains unchanged for τ≥ τb and behaves stationary; the information
package α refers to the stationary case.

The physically real (material) object γ in basic reality is not a subject of evolu-
tion and is a compressed information (Section 5.5), which is a stationary unit as
well and is completely given at each clock time τ in complete form, also within the
time interval Δτ, that is, we have: τa ≤ τ ≤ τb (Figure 5.7).
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There are evolutionary processes in basic reality but not with respect to evolu-
tionary selection processes. To this kind of evolutionary process belong species for-
mations that we have treated in Section 5.3. Furthermore, there are also no such
selection processes in the observer’s mind. The mind can only contain physically
real information in selected form. Why?

Whereas the complete information about the world is embedded in basic real-
ity, the mind is observer-dependent and is therefore species-specific. Thus, the
transferred information from basic reality to the mind has to be a selected informa-
tion. It must reflect the situation from the point of view of a member of a certain
species. In other words, the tools of evolution are positioned between basic reality
and the human being’s mind. They pull selected information from basic reality and
transfer it to the mind. The situation is represented in Figure 5.7.

5.9 Preconditions for observations and descriptions

Once again, human beings observe and act in space and time, that is, only those
things are imaginable and directly observable that are located in space and time. In
accordance with John Ziman, we may state that physically real entities can only be
described mathematically if they are imaginable. After that, a mathematical descrip-
tion is only possible if they are really imaginable and things are imaginable exclu-
sively in space and time.

With John Ziman we have to accentuate that a mathematical description of physi-
cally real facts outside space is not possible. If entities are located outside space and
time, they cannot be described mathematically but merely qualitatively. To these enti-
ties belong basic reality, the mind, the tools of evolution and the processing character-
istic η as well; these units are necessary for the observation of material objects and
physically real processes as well, and to these entities belong space and time.

Basic reality

Mind

Tools of evolution
γ

α

Figure 5.7: The physically real (material) object γ in basic reality is not a subject of evolution and is a
compressed information, which is not dependent on time τ . The quantity α is a stationary
information, but it developed evolutionary in the course of time τ and reaches finally the constant
information package α. The entity α is located in the mind of the observing human being and is
called “useful” information. The mind is observer dependent and is therefore species specific, but
the complete information γ not. The transferred information from basic reality to the mind has to be a
selected information. This in particular means that the tools of evolution are positioned between
basic reality and the human being’s mind.
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5.9.1 Geometrical structures and the physically real effects

Space and time, in particular the elements x, y, z, τ, are not physically real. We can-
not put the elements x, y, z, τ on the table and there do not exist measuring devices,
which would be able to detect the elements x, y, z, τ, that is, x, y, z, τ are definitely
not observable. No doubt, it is important to observe new effects, but it is equally
important to recognize what is principally not observable.

It is remarkable that the space–time features, discussed in connection with the
projection principle, are also reflected by the ideas of philosopher Immanuel Kant
in the nineteenth century. This point has already been underlined in Chapter 1.
However, the projection principle reflects basic physics and has primarily nothing
to do with philosophy. The basic properties of space and time are the pre-condition
for the formulation of realistic physical theories.

We have geometrical structures before us (tress, houses, etc.), and not physi-
cally real (material) objects. But human beings feel them when they touch them, for
example, with the fingers that are geometrical structures in space and time as well.
The geometrical structures are correlated with a characteristic feeling, which re-
flects a physically real process that however takes place in basic reality, that is, out-
side space and time [77].

We have the illusion that all these effects take place in space and time in con-
nection with our bodies. In other words, it is throughout believed that there are ma-
terial objects embedded in space and time. Fact is, however, that our bodies and
the other objects are geometrical structures in space and time; their physically real
(material) manifestation is located in basic reality. All these facts have been dis-
cussed in Ref. [77] and in Section 4.9.

5.9.2 Interactions with space and time?

We have to argue carefully. It is simply no possible to embed physically real (mate-
rial) objects into the space–time, which is definitely not physically real. The points
x, y, z, τ are not observable in isolated form and they can only exist in connection
with objects, which must however appear in this case as geometrical structures.
The existence of material objects in space and time is only possible if also the ele-
ments x, y, z, τ represent physically real entities.

The reason is obvious: A material object can at clock time τm only be connected
to a certain space–time point, say xm, ym, zm, if the object interacts at τm with this
space–time point xm, ym, zm. However, such an interaction process presumes that
the elements xm, ym, zm, τm are physically real, which is however not the case, as we
underlined several times.

The conclusion is straightforward: In space and time there are no material ob-
jects but merely geometrical structures of them, as picture so to speak. This is
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actually fulfilled within the frame of the projection principle. The material manifesta-
tions of objects are here exclusively outside space and time. As we know, within
frame projection theory “outside space and time” means that the material objects are
embedded in basic reality, that is, outside space and time.

5.9.3 Relationships

We can only put things together if relationships between these things are definable.
In the case of material objects and space–time, there must exist a relationship be-
tween objects and space–time. Otherwise, the space–time and the objects “know”
nothing of each other. Both entities are side by side, and there is no possibility to
liaise them. Such a construction, however, makes not much sense in physics.

As we have accentuated earlier, there can be no relationship between the mate-
rial objects and the space–time, if the objects are material in character. This is be-
cause the space–time is not physically real, and a relationship with the material
objects without interaction is not thinkable. In this case, the material object takes
at clock time τ a certain position in space and the object itself does not reflect a
geometrical structure within the same space having the elements x, y, z.

We have therefore only one possibility to express a relationship between ob-
jects and the space–time and this is given by the projection principle: For human
beings, any object is exclusively perceivable as picture in space and time. It is the
projection from basic reality onto space and time.

In the case of object pictures, the relationships between the projected objects
and the space–time are explicitly given, because the objects themselves are ex-
pressed (defined) at clock time τ by the elements x, y, z. The picture of an object,
and only a picture is perceivable, is defined through space and time, and this is
because its individual structure is given at each time τ in terms of the elements
x, y, z, τ. In Ref. [77], more details concerning material objects and their relationship
to space and time are discussed.

5.9.4 Facts outside space and time

Since human beings exclusively work in space and time, we cannot imagine how
an object is formed outside space and time, that is, in basic reality where the physi-
cally real (material) objects have their most basic features.

Moreover, a theoretical (mathematical) description outside space and time
would not be possible and would in particular not directly be verifiable. There is
obviously no basis for that. We can merely develop theoretical conceptions, which
are compatible with the space–time structures before our eyes and those that are
obtained in connection with measurements in space and time. In basic reality, the
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objects appear as “raw” information without having the possibility to express their
properties in terms of our theoretical laws of physics.

5.9.5 Traditional view

In traditional physics, the physically real (material) world is embedded at each clock
time τ in space. The effect of “inertia” demonstrates that there must be at each time τ
an interaction between the material objects and the space. This is of course forbidden
when we take the space–time properties seriously. Newton’s classical mechanics
works in many cases excellently, but it is burdened with physically real space–time
effects (inertia). This shortage could not be eliminated through the theory of relativity,
and this elimination was in fact a requirement by Ernst Mach. Albert Einstein was an
advocate of Mach, at least in his early days, but he was not able to fulfill Mach’s princi-
ple. This famous principle is a yardstick up to the present day. There are many theoret-
ical investigations in this field and are intensively discussed in the scientific literature.

The solution of this serious problem has obviously been based on the following
fact: We have not the physically real world before us, but it is a “picture” of the
physically real world.

5.9.6 What is outside?

We assess the world on the footing of space and time. The properties of space and
time dictate what units outside space and time are necessary for the observation of
the physically real (material) world. Their relative functional order is determined
through the properties of space and time as well. However, the units outside space
and time can only be captured qualitatively because a mathematical formulation is
not possible outside space and time. This is in strict accordance with the statement of
John Ziman [74].

The entire line given through the item’s basic reality, mind and so on define the
projection principle. The projection principle is, on the other hand, the basis for the
mathematical formulation of physical effects. The deduced theoretical laws can then
not be used to describe theoretically (mathematically) basic reality, mind, tools of evo-
lution and the processing characteristics η. For these units, only “qualitative” state-
ments are possible. This complex of units defines the projection principle and, as we
remarked, this complex can only be captured in qualitative form and cannot be de-
scribed by the theoretical-physical equations. The existence of this complex (basic real-
ity, mind, etc.) belongs to the preconditions for the formulation of the basic theoretical
laws.

Again, the complex (mind, tools of evolution and the processing characteristics η)
is needed for the observation of physically real (material) objects and processes. Only
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those entities are investigated in physics, which are in particular expressed through
our spontaneous observation in daily life, where we have the material world directly
before our eyes. These are the well-known unconscious observations at the macro-
scopic level on the basis of the five senses. As we know, the physically real (material)
world itself is embedded in basic reality.

Let us repeat the transition from basic reality to the picture. Three units are in-
tercalated: the tools of evolution, the mind and the processing characteristic η.
They are necessary and enable the transition from basic reality to the picture. The
situation is summarized in Figure 5.8.

All that defines the projection principle. This is the precondition for the perception
of the material world and its formulation in terms of theoretical physical laws.
However, these three units cannot be physically real in character, that is, they can-
not be made of material substances. Thus, they are not representable in space and
time, but they are used for the representation of material entities in space and time.
The three units are needed to describe material entities.

In fact, in the construction of the recognition system, these three units are lo-
cated outside space and time, and this situation also applies for basic reality and
the mind. They are all not describable through the theoretical laws of physics and
are merely understandable in terms of “qualitative” arguments. Exclusively physi-
cally real objects and processes are describable through the theoretical physical
laws. The situation can be summarized as follows: We describe and understand ma-
terial objects in space and time through units outside space and time.

Basic
reality

MIND

Tools of
evolution

η

Picture
(space–time)

Figure 5.8: Within the frame of the projection principle, the observation takes place in space and
time. The physically real (material) objects of basic reality are projected onto space and time and
appear as picture before the eyes of human beings. The transition is from basic reality to the
picture and three units are intercalated: the tools of evolution, the mind, and the processing
characteristic η. This complex of three units are necessary for the observation process, and this
complex is located outside space and time and is definitely not describable by the theoretical
physical laws. The three units are merely captured through “qualitative” arguments. Human beings
perceive the world exclusively in space and time, and also the theoretical physical descriptions of
the objects are restricted to space–time formulations.
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Because the existence of the complex, consisting of the tools of evolution, the
mind and the processing characteristic η, is the “precondition” for the observation
and the description of the material world, the complex itself cannot consist of matter.
In fact, the existence of the complex is defined outside space and time, where only
qualitative statements are possible. The statements by John Ziman (Section 5.7) are
seminal here.

The choice of other variables, different from x, y, z, τ, is not possible without ref-
erence to the usual space–time variables. In Chapter 6, we will demonstrate that
the choice of another set of variables is possible when we base its construction on
x, y, z, τ. In any case, human beings are caught in space and time.

5.9.7 Mind-matter interrelations

Within the projection principle, we have the following strict order: Mind and matter
are independent of each other. Matter does not create the mind, and the mind does
not create matter. However, the mind processes the matter information pulled from
basic reality and produces a picture of the physically real (material) objects in
space and time.

5.9.8 Raw information and its corresponding theoretical formulation

An object γ in basic reality and its pulled part α are outside space and time and are
therefore not describable in terms of theoretical physics. Only the processed form of
α through the observer’s mind and its representation in space and time are observ-
able, and the observer has this space–time picture (space–time representation)
spontaneously and directly before his eyes; only these space–time representations
are describable with the theoretical (mathematical) means of physics.

In Chapter 6, we will introduce the wave functions Ψðp,EÞ, p= ðpx, py, pzÞ and
Ψðr, tÞ, r= ðx, y, zÞ, where p is the momentum of an object (system) and E is its en-
ergy. The letter t refers to the quantum time, which is not known in traditional quan-
tum theory. The important point is here that the function Ψðp,EÞ corresponds to the
raw information α. But Ψðp,EÞ does not describe α; it merely corresponds to it. This
statement is based on the following fact: The raw information α is processed (trans-
formed) in the mind leading to a picture in space and time; it is the x, y, z structure at
clock time τ that human beings experience in front of them. The picture and the en-
tity α have exactly the same information (e.g., see Section 4.9). The same is the case
for Ψðp,EÞ and Ψðr, tÞ: Ψðr, tÞ and Ψðp,EÞ contain exactly the same information, and
Ψðp,EÞ is projected (transformed) onto space and time leading to Ψðr, tÞ, which also
describes the picture before the eyes of the observing human being.
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5.10 Structures in space and time

5.10.1 Static structures

The spontaneously experienced impression reflects a static structure. This is the rea-
son why these impressions can be seen as orientation and standard, respectively. A
certain structure, say σ, remains constant if there is no influence in the sense of
“cause and effect.” Under this condition, the space structure is frozen and there does
not appear spontaneously and unconsciously another structure, say σ′, before us with

σ′≠σ (5:40)

For example, a tree remains a tree if there are no external influences on it. This is
the basic experience on which everything in our life is based. On the other hand, if
a theoretical conception σ′ has been developed leading to eq. (5.40), the developed
structure σ′ has to be assessed as wrong. This is completely in accordance with
Ziman’s statement given in Section 5.7.

Again, the unconsciously experienced impressions before us in daily life are
fundamental. There is in fact no other phenomenon in nature, which could be con-
sidered as equivalent and with such a relevance.

It must be underlined once again that the phenomena before us reflect just that
from the world outside which comes into existence through the sensory apparatus,
and these are defined by the five senses in the case of human beings.

5.10.2 Representations

A material object, for example a tree, is within the projection theory always a geomet-
rical structure in our observations. The tree does not exist without the space–time
elements x, y, z, τ. A tree is therefore characterized through

tree: x, y, z, τ (5:41)

We cannot separate the tree from space and time, that is, the tree and also all the
other objects are caught in space and time like human beings; the observable ob-
jects do not exist without the elements x, y, z, τ. The tree and all the other physically
real objects are not detachable from space and time. But they exist in basic reality
without x, y, z, τ.

In other words, the mind of a human being never creates objects without repre-
sentation frame:

tree:−

! not existent
(5:42)
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Moreover, the mind of a human being does not create elements u, v,w, r that are dif-
ferent from x, y, z, τ and we have

tree: u, v,w, r

! not existent
(5:43)

This view is species dependent. Biological systems, which are different from human
beings, might have other criteria for the assessment of the world outside. The frames
of representation can in particular quite differently organized than in the case of
human beings.

5.10.3 An important point: no space–time in the world outside

In daily life, we have a space–time picture of the outside world directly and sponta-
neously before us that is a picture of basic reality, which is not accessible to human
observers. There is a space–time in the mind of human beings, that is, we have an
inner picture, but there is no space–time in basic reality (in the world outside). The
basic properties of space and time do not allow such a view.

Nevertheless, it is assumed throughout that there is besides an “inner”
space–time, also a space–time in the world outside. In this case, we would have
also a space–time “outside.” Then, we would have two spaces and two times.
However, we have to be careful: Nature would not choose such a construction.
Why? Because this question is important to answer, let us analyze this point on
the basis of fundamental features.

“Two” space–times for “one” observation procedure?
Assume that there are “two” space–time structures for “one” observation proce-
dure, which is naive and probably too simple. In Chapter 1, we cited the well-
known psychologist C. G. Jung. Because of the relevance of his view, let us repeat
his statement: “When one thinks about what consciousness really is, one is deeply
impressed of the wonderful fact that an event that takes place in the cosmos out-
side, produces an inner picture, that the event also takes place inside” [8]. This
comment represents the typical view and reflects the usual conception that human
beings have about the whole scenario.

The statement by C. G. Jung suggests just that what we have already pointed
out: The image as well as the real world outside are embedded in space and time
with exactly the same structure: Outside for the “material” objects, inside for
“geometrical” object-positions. These are in both cases space structures at clock
time τ.
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Is such a solution an elegant way with respect to a scientific yardstick? Here
the principles of evolution are essential and come into play. Evolution does not pro-
duce twice; the principle of usefulness does not allow to produce “two” identical
structures for “one” observation process.

Nevertheless, C. G. Jung’s statement with respect to “outside world” and “in-
side world” is correct, but the assumption that an event takes place twice is not
provable.

Only the inner world with its geometrical positions for the objects is directly be-
fore our eyes. We merely “believe” the outside world is structured in exactly the
same way. The geometrical object positions are only replaced outside through the
material objects, but we do not detect this structure outside. The reason is obvious:
Human beings are caught in space and time. We do not detect the material world
outside directly because there is no space and no time in the world outside. This is a
general statement and is in particular fulfilled in the case of the projection principle.

Then, we know why basic reality is not observable: There is no space and no
time in basic reality. This fact is compatible with the feature that space and time do
not belong to the class of physically real entities. In basic reality, there are exclu-
sively physically real entities.

What C. G. Jung called “inner picture” is identical with our spontaneously cre-
ated impression before the eyes. Again, all human beings are caught in space and
time. We have the inner space–time picture directly before our eyes, but we have
no direct access to the world outside, that is, we do not observe the world outside,
which is identical with basic reality.

We know that there is a basic reality (world outside) but it remains hidden.
From our remarks quoted earlier, we have to conclude that only the inner picture
contains space and time, but the world outside is not. In other words, we have no
direct access to the world outside because there is no space and time in the world
outside.

In summary, we have to state that the reason why we do not observe the world
outside is the circumstance that there is no space and no time in the world outside,
and human beings can only make statements about physically real entities in con-
nection with space and time. This is the reason why we have only the ability to ob-
serve the world outside as inner picture. A human being does not perceive the world
outside because there is no space and time in the world outside (basic reality). Thus,
we can only recognize the world outside as an inner picture.

All that is compatible with the fact that space and time do not belong to the cate-
gory of physically real entities (see also Chapter 1), that is, a physically real world
outside cannot be embedded within a frame (space and time) that is not physically
real.
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5.10.4 Interactions and correlations

Basic reality (the world outside) consists of individual objects, which are mutually
dependent, that is, there are relationships between the various objects. Within the
frame of the projection principle, the relationship is expressed in basic reality
through physically real “interaction processes” between the physically real objects.
The relationships in the picture are reflected by “correlations” between the geomet-
rical structures (pictures of the objects) in space and time.

There are relationships between the entities in the picture as well as in basic
reality. The relationships in the “picture” are given by correlations, but an equiva-
lent form of relationship is thinkable by interaction processes in “basic reality.”
There are two versions of relationships.

5.10.5 Only the information about the material objects is relevant

After C. G. Jung, we have a picture in space and time, but there is an equivalent
space–time structure in the world outside. However, we do not need a x, y, z, τ struc-
ture outside when it is already inside. In particular, who watches at clock time τ the
x, y, z structure outside?

All that is too naive. We can be sure that nature does work in this way. In par-
ticular, we have to be taken into account that space and time are not accessible to
empirical tests, that is, they are not observable. There are even no measuring instru-
ments thinkable, which would have the ability to measure (detect) the elements
x, y, z, τ.

How can elements be transferred from outside (basic reality) into the inner of
the human being when these elements are not physically real like space and time?
Because of their features, space and time cannot interact with the physically real
world. They are in particular not accessible to the sensory apparatus, which reflects
a certain kind of device ensemble. In other words, the inner space–time states do
not come from outside but are elements inside the individual. It is intended to learn
something about the physically real objects and they have to be observed but not
the elements of space and time that are not physically real.

Only the information about the objects are transferred from the world outside
to the inside world of the observer. The physically real objects are pictured through
space and time. In the world outside there are no observers, that is, representation
frames are not needed and no space and no time are necessary in the world outside
(basic reality). In the next section, we will deepen the situation in connection with
space and time.
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5.10.6 Separability

Human beings intuitively believe that the space–time and the objects are separable
and that they can exist independently from each other. But this is obviously a fal-
lacy from the point of view of projection theory. The projection principle teaches
that such kind is a separability and independency is not possible. This is in fact in
accordance with our daily experiences. In nature, no effect is known where the ob-
jects appear separately from space and time.

Newton’s theory, theory of relativity
Nevertheless, Newton’s mechanics is essentially based on separability. The situa-
tion is illustrated in Figure 5.9. In Newton’s physics, an object is characterized by
the mass m. However, the coordinates x, y, z are not dependent on m, and the mass
m is not dependent on x, y, z, and this property is valid at each time τ. It is relatively
easy to recognize that this kind of separability is not essentially changed within the-
ory of relativity.

Despite this shortage, both theories work well. Allowedly, the daily impressions
actually convey the conception of separability. However, we have to be careful be-
cause such a principle can have an essential influence on the entire theoretical
background.

Projection principle
Within projection theory, the situation is different. Here the objects are geometrical
structures and are strictly interwoven with space and time. That is, the objects are
given in the form of geometrical structures and these are expressed at each time τ
through the space elements x, y, z. In other words, separability is explicitly excluded
within the frame of the projection principle. Only this item is in accordance with
observation.

Space–time experiences
Human beings have the peculiarity to perceive the material world in space and time.

This peculiarity should not be restricted to the special case of everyday life expe-
riences but has to be considered as a basic property, that is, it is a property, which is
not dependent on the specific situation, for example, on everyday life experiences.
This property “the perception of the world in space and time” should be seen as inde-
pendent on every type of experience and it reflects therefore a general feature.

Space and time normally appear in everyday life experiences in an unconscious
way. But space and time can also come into existence in a conscious way through
thinking. For example, an architect develops a building, represented in space and time
through thinking. The architect would be able to develop the details with closed eyes.
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5.10.7 The main features

Let us summarize the essential facts in connection with physically real (material) ob-
jects and space and time. In particular, from all that follows that basic reality does not
contain space and time, and this statement is in accordance to what we have outlined
in Section 5.10.3. We may formulate the situation in projection theory as follows:
1. Everything, which is physically real, is represented in space and time, no mat-

ter what kind of source is responsible for the appearance of the space–time it-
self. Observations are exclusively done in space and time, that is, human
beings are caught in space and time.

2. Physically real entities, which are not observable in space and time, do not exist.
The sensory apparatus has been evolutionarily developed with respect to this
property (Section 5.1). The sensory apparatus is given by the five senses and ex-
tract the complete information about the environment at the macroscopic level,
that is, this is the complete information about the world outside, from the point
of view of human beings. This also means that the existence of any physically
real space–time phenomena is accessible to human observers.

3. Physically real entities, which are not embedded in space and time, are not ob-
servable. Since basic reality cannot be embedded in space and time, it is not
observable, that is, basic reality is not accessible to human beings.

4. All that belongs to the statement “human beings are caught in space and time.”
Since human beings do not observe basic reality, we have to conclude that
basic reality does not contain space and time.

5. Why are human beings caught in space and time? The answer is simple: They
are caught in space and time because the necessary information for coping
daily life is completely arranged in space and time. Nothing of the physically
real (material) world is located outside space and time.

Remark
In accordance with our statement earlier, basic reality with its physically real (mate-
rial) entities would directly be observable if it would be furnished with a space–time.
In this case, we would observe a world without selection processes, and the resulting
impression would be different from all the other observation types. However, these
basic reality observations do not occur, and we have to conclude that there is in fact
no space and no time in basic reality. (We stated earlier that the existence of any
physically real space–time phenomena is accessible to human observers.)

Furthermore, such basic reality observations would imply that the absolute truth
would be accessible to human beings. This would be against the projection principle
and leads in fact to a contradiction when projection theory is the yardstick.
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5.11 Mechanisms for interaction processes

In traditional physics, the interaction processes take place in x, y, z space and is effec-
tive at each clock time τ. But there are serious problems in connection with this con-
ception, and it reveals that the assumption of physically real processes in space and
time is a questionable view. We already discussed this point, but let us accentuate
this statement by further arguments, just with respect to interaction processes.

5.11.1 Newton’s law

Within traditional physics, the material objects are at each time τ embedded in
space. Assume that physically real interactions (processes) that take place in space
and time lead to the strange situation. Such kind of processes cannot be explained
and described.

In the case of Newton’s gravitational law m1m2=r2 (r is the distance between
two interacting masses m1 and m2), we have merely the mathematical formula
m1m2=r2, but we do not know where it comes from. As we know, this formula works
excellently, but since we do not know the mechanism behind it, we are not able to
develop this line further. (The theory of relativity offers a principal new view, but
here we have similar problems.)

x,y,z

x,y,z
m

m

(a)

(b)

τ

Figure 5.9: Within the frame of the projection principle, space and time and the objects are firmly
interwoven and are not separable. This is in accordance with the observations. In fact, we never
observe in nature that the objects appear separately from space–time. The peculiarity of the
projection principle that the material objects and the space–time are not separable is really
observed in nature. No effect is known in nature where the material objects appear separate from
space and time. This is a relevant statement when we judge effects within the frame of the
projection principle. What about traditional view? In traditional physics, the situation is different.
The material objects are located at each time τ in space; the notion “basic reality” is unknown in
traditional physics. Also here the objects have the relevant property not to appear without space
and time. Nevertheless, it is intuitively believed that the space–time and the objects are separable
and that they can exist independently from each other. That is, the step from figure (a) to figure (b)
is conceivable in traditional physics at each time τ. However, separability and independency in this
sense have never been observed in the world.
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Why can the situation not be seen as satisfactory? Richard Feynman’s com-
ments to this problem are quoted in Refs. [12, 76]. Let us resume the comments to-
gether with the statements given in Ref. [12].

Impinging masses
The material world within Newton’s physics consists of individual bodies and there is
an attractive force between them. As we remarked, Newton introduced the formula
m1m2=r2 for the description of this attraction. Within the mechanical corpuscular world
view, it was expected that this formula can be explained by an ensemble of other bod-
ied (masses) and we would like to denote these other masses by the letter mgi. That is,
within this view one tried to describe the attraction between m1 and m2 by means of
the masses mgi. This situation can be symbolically expressed by the scheme

m1 $ m2

*
mgi

� � (5:44)

For example, within this model, the attraction between the Sun and the Earth is ex-
plained through impinging particles of mass mgi. But it turned out that such a pro-
cedure does not work. The formula m1m2=r2 could not be explained in this way. It
was a fallacy!

In this connection, a valuable comment by Richard Feynman is instructive. He
wrote [76]:

Maybe I could invent a better one. Maybe you can, because nobody knows the ultimate. But
up to today, from the time of Newton, no one has invented another theoretical description of
the mathematical machinery behind this law Which does not either say the same thing over
again, or make the mathematics harder, or predict some wrong phenomena. So, there is no
model of the theory of gravitation today, other than the mathematical formula.

In other words, we have a formula for Newton’s gravity, but we do not know where
it comes from.

Is the mechanical corpuscular world view incomplete or has the basic concep-
tion of matter embedded in space and time (container model) to be replaced? We
already know that the container model of traditional physics represents a limited
view, but does it also influence the interaction processes? We will discuss this point
later, and the projection principle will also help further in this case.

Let us remark that there are certain plausible interpretations with respect to grav-
ity that are known under the denomination “Action-at-a-Distance” and the “Proximity
Effect” (e.g., see Ref. [12]), but these interpretations cannot be used to derive the fa-
mous mathematical expression m1m2=r2. We will discuss these interpretations in an-
other context.
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Innate attraction
Newton based his physics on the “mechanical corpuscular world view,” but this
conception could not explain the interaction processes. The conception of an “in-
nate” attraction between every pair of matter bodies was added to the corpuscular
view. However, this conception has to be considered as a stranger within the frame
of corpuscularism. It is a “dissimilar” conception, dissimilar to the principles of
corpuscularism.

Thomas Kuhn gave good comments on this topic. In his opinion, the conception
of an innate attraction between material bodies reflects an “occult” quality. Kuhn
remarked the following [10]:

Yet, though much of newton’s work was directed to problems and embodied standards derived
from the mechanical-corpuscular world view, the effect of the paradigm that resulted from his
work was a further and partially destructive change of the problems and standards legitimate
for science. Gravity, interpreted as an innate attraction between every pair of particles of mat-
ter, was an occult quality in the same sense as the scholastics tendency to fall.

In other words, the interaction process becomes an occult quality when we measure
with the yardstick of the mechanical corpuscular world view. In fact, only those ele-
ments have to be used for the description of the interaction that are given through
the basic formulation of the theory itself. Innate properties of matter do not belong
to this class of elements and can be considered as occult in character, as Thomas
Kuhn did. Such elements appear to be artificial.

Instead of the impinging particle model [see scheme (5.44)], which definitely
does not work, the introduction of “innate” attractions between every pair of matter
bodies leads to scheme (5.45):

m1 $ m2

*
innate

property

ofm1 andm2

8>><
>>:

9>>=
>>;

(5:45)

The transition from eq. (5.44) to eq. (5.55) is a drastic step and the term “innate prop-
erty of matter” reflects nothing else than an “occult” item, as correctly remarked by
Thomas Kuhn [10].

Newton himself was not convinced of this solution [expressed here in eq. (5.45)].
Concerning this point, Thomas Kuhn remarked:

Therefore, while the standards of corpuscularism remained in effect, the research for a me-
chanical explanation of gravity was one of the most challenging problems for those who ac-
cepted the Principia as paradigm. Newton devoted much attention to it and so did many of his
eighteenth-century successors. The only apparent option was to reject Newton’s theory for its
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failure to explain gravity., and that alternative, too, was widely accepted. Yet neither of these
views ultimately triumphed. Unable to practise science without the Principia or to make that
work conform to the corpuscular standards of the seventeenth century, scientists gradually ac-
cepted the view of gravity was indeed innate [10].

Critical remarks
To explain satisfactorily, the origin of Newton’s gravity is a principal and important
task. The final view seems here to be given by the conception of an innate property of
matter. No doubt, we can go this way, but any other view, arbitrarily chosen, would
be possible, without changing the lawm1m2=r2.

Even Newton declined to declare the phenomenon of gravitation as an innate
property of masses; he declined to deviate from the corpuscular view [represented in
scheme (5.45)], as is indicated in the comments by Thomas Kuhn outlined in Ref. [10].

The explanation of gravity through innate properties of matter is not only a
dissimilar conception with respect to corpuscularism, but it does not allow to de-
duce Newton’s mathematical law m1m2=r2. On the other hand, the mechanical cor-
puscular world view through impinging masses does not work, and there are
hardly other particle constructions conceivable. Therefore, we have to think about
other possibilities.

Alternative way
As an alternative for the explanation of gravity through innate properties of matter,
we have to ask whether the underlying “conception” of traditional physics is realis-
tic enough.

This conception can be summarized as follows: “Physically real (material) objects
are at each clock time τ embedded in x, y, z space.” Is this conception really applica-
ble in the case of physically real interaction processes? This is hardly possible espe-
cially the projection principle offers a more realistic conception, just in connection
with interaction processes. We will give the basic construction in the next section.

5.11.2 Momentum and energy chunks

The projection principle is obviously more suitable to explain interaction processes.
We have here not to recourse to occult conceptions. In particular, the formulation
of interaction processes can be done more generally than in the case of the tradi-
tional view.

In the analytical treatment within the frame of the projection principle (Chapter 6),
the physically real processes take place in ðpx, py, pz,EÞ space and the information
is projected onto ðx, y, z, tÞ space, that is, there are no masses, no momentums
and no energies located in ðx, y, z, tÞ space but only geometrical structures. Here
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the ðpx, py, pz, EÞ space is a fictitious realty and substitutes the selected part τ of
basic reality γ.

The interactions themselves are given through quantum fluctuations
Δpx,Δpy,Δpz,ΔE of the entities px, py, pz,E. All thinkable fluctuation models are possi-
ble, which fulfil the conservation laws for momentum and energy. Moreover, within
the frame of this description a variable for a system-specific time, which we denoted
by the letter t, has to be introduced as well (see also Section 1.7), as in the qualitative
discussion in connection with the units α and γ . The projection principle requires
that explicitly.

The projection effect and also the existence of the system-specific time change the
situation with respect to the understanding of interaction processes basically. The im-
pinging particle mechanism (5.44) appears to be a naive conception and is not useful
for the description of Newton’s gravitational law. But to explain the interaction as in-
nate property of matter is also not adequate and the notion “interaction” becomes an
occult character, as Thomas Kuhn remarked [see scheme (5.45)].

What are the principles? How are interaction processes formulated within the
projection principle? The details are given in Chapter 6, but let us already indicate,
in this section, the basic peculiarities.

Two objects, having the variables p1,E1 and p2,E2 in ðp,EÞ space, interact with
each other. Interaction here means that they exchange chunks of momentum and
energy. Δpi and ΔEi, that is, instead of the impinging masses mgi of traditional phys-
ics, we have within projection theory quantum fluctuations Δpi and ΔEi, which are
incessantly exchanged between the two objects:

p1, E1 $ p2, E2

*
Δpi, ΔEif g

(5:46)

In ðr, tÞ space we have exclusively geometrical positions, which is the result of the
projection from ðp,EÞ space. The various geometrical positions in ðr, tÞ space are
correlated through the physical real processes in ðp,EÞ space that are projected onto
ðr, tÞ space.

The momentum and energy chunks Δpi and ΔEi (the fluctuations) are not dis-
similar to the basic elements of the theory, which are given in ðp, EÞ space by the
variables p and E.

5.11.3 Comparisons

Let us briefly compare the features of the impinging mass model, the innate prop-
erty description and the interaction by quantum fluctuations of projection theory.
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Impinging mass model
As indicated in scheme (5.44), the theory only uses entities on which the mechanical
corpuscular system is based, that is, here only masses appear: m1, m2 and mgi. That
is, we do not leave the mechanical corpuscular world view, and no dissimilar ele-
ments appear. But, unfortunately, the model does not work. The model is more or
less fixed on “one” kind of mechanism. There are obviously no other mass configura-
tions possible that are essentially different from the model of impinging masses.

Innate property description
The interaction processes through the introduction of innate properties between
matter represents an ad hoc invention. It is a dissimilar conception with respect to
the mechanical corpuscular view.

Quantum fluctuations
The quantum fluctuations Δpi and ΔEi are not dissimilar to the basic elements of the
theory, which are given in ðp, EÞ space by the values p1,E1 and p2,E2. We do not leave
the basic conception when we introduce the quantities Δpi and ΔEi. We are here not
fixed on “one” kind of mechanism, as in the case of the impinging mass system, but
each mechanism is possible for which the conservation of momentum and energy.

Further features
In traditional physics, the physically real interaction processes take place at each
time τ in x, y, z space, whereas in projection theory the physically real interaction
processes are at each time τ outside x, y, z, t space and take place within ðp,EÞ space.

5.11.4 Observability and nonobservability

Concerning interaction processes in traditional physics, there is Newton’s gravita-
tional law m1m2=r2 and there is also Coulomb’s law qQ=r2 . Details are given, for
example, in Ref. [12]. Both formulas have been applied with success and are still
actual formulations. We have two formulas, but we do not know where they come
from. They work excellently, but we cannot assume that these laws reflect final sol-
utions. However, we are not able to develop them further, because we do not know
the mechanism behind these physical laws.

Let us give some further comments in connection with the gravitational law
m1m2=r2. This law has been interpreted by means of some physical conceptions. As
we already remarked in Section 5.11.1, here two interpretations are of particular rel-
evance: “action at a distance” and the so-called proximity effect. The meaning of
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these interpretations is given in Ref. [12]. Here we only want to remark one essential
point.

It is of principal interest to note that the “action at the distance” and the “prox-
imity effect” are merely interpretations of the gravitational law to m1m2=r2. However,
Newton’s force lawm1m2=r2 cannot be derived on the basis of these interpretations.

The “action at the distance” and the “proximity effect” are qualitatively different
from each other, but they are nevertheless exactly equivalent conceptions. It is not
possible to make a choice between these two conceptions, since there is no experi-
mental way to distinguish between them, as they both have the same consequences.
The implements used in the formulation of the interpretation conceptions cannot be
observed.

Then, the following question arise: Are these conceptions scientific at all? This is
a very principal question with respect the world view. What is the mind-set dictated
by traditional physics and what is the mind-set within the projection principle? With
respect to the “action at the distance” and the “proximity effect,” the world view of
traditional physics is concerned, and let us discuss this (usual) view first.

Mind-set in traditional physics
In traditional physics, the standard view is expressed through the container model,
that is, matter is at each clock time τ embedded in space. It is throughout supposed
that the “complete” material world is given as space structure. This must have con-
sequences for the scientific assessment of the phenomena around us. Just the be-
lieve that the complete material world is located in space and time, is incisive: Only
those entities are considered to be existing for which actually observation methods
exist or which are thinkable. If that is principally not possible, the concerning enti-
ties are judged to be metaphysical in character, that is, they are considered to be
nonscientific.

Measured with this yardstick, the conceptions “action at a distance” and the
“proximity effect” have to be considered as metaphysical in character. Both notions
have therefore to be classified as nonscientific. This is no problem with respect to
the law m1m2=r2 because this formula remains conserved in its form and has not to
be discarded.

Mind-set in projection theory
The situation is different in projection theory. The notion “observation” gets through
the projection phenomenon new aspects. Here two points are essential and should be
the initial facts in the analysis:
1. That what is located in space and time is not the “complete” world.
2. Human beings are caught in space and time.
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We have to analyze the situation with respect to these peculiarities. Here human
beings have not the possibility to observe the complete number of units and enti-
ties, respectively. These units and entities are embedded as physically real quanti-
ties in basic reality and appear in selected form in space and time.

Because in projection theory only a part of the material world is accessible to
human beings, this restriction of observation possibilities has nothing to do with
metaphysical effects in the above sense, but this kind of nonobservability is due to
the restricted possibility for human beings to observe the material world. Once again,
note that only a part of basic reality can be captured. There are things outside space
and time to which human beings have no access because they are caught in space
and time.

Conclusion
The term “existence and nonobservability” in traditional physics means “metaphys-
ical,” that is, nonscientific. In projection theory, the situation is different, and “ex-
istence and nonobservability” means here “scientific” even when the existence is
outside space and time.

In particular, the mind and basic reality are located outside space and time.
They are definitely existent but not observable. However, they do not belong to the
class of metaphysical elements.

The brain is partly material in character and, in fact, we know a space–time
picture of this part. But we also know that the brain is more than that. In projection
theory, we have a clear assignment between all these entities. All that has been an-
alyzed in the earlier sections.

Remark
There is no way to apply the notions “action at a distance” and the “proximity ef-
fect” within the frame of the projection principle. These notions are constructions
within traditional physics.

5.12 Nanoscience and projection phenomena

Newton’s law of force m1m2=r2 is at each clock time τ expressible through the poten-
tial energy VðrÞ=Vðx, y, zÞ. The function Vðx, y, zÞ describes in traditional physics
the physically real interaction processes in x, y, z space. Also, the projection princi-
ple works with a similar function but is extended through the system-specific time t
and we get instead of Vðx, y, zÞ the term Vðx, y, z, tÞ, which is also valid at each clock
time τ. In other words, in the transition from traditional physics (tp) to the projec-
tion principle (pp), we have
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Vtpðx, y, zÞ ! Vppðx, y, z, tÞ (5:47)

There is a fundamental difference between Vtpðx, y, zÞ and Vppðx, y, z, tÞ: Whereas
Vtpðx, y, zÞ describes “physically real processes” in x, y, z space, the function
Vppðx, y, z, tÞ describes “correlations” between the (geometrical) objects in Vppðx, y, z, tÞ
space [ðr, tÞspace].

5.12.1 Outside of space and time

Once again, the physically real processes in projection theory take place in ðp,EÞ
space (outside ðr, tÞ space), and instead of Vppðx, y, z, tÞ we get in ðp,EÞ space the
momentum–energy operator

Vpp i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, − i�h

∂

∂E

� �
(5:48)

where

i�h
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∂py
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∂pz
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are the operators for the space coordinates in ðp,EÞ space. The term

− i�h
∂

∂E
(5:50)

is the operator for the time coordinate also in ðp,EÞ space (see also Chapter 1). The
operator rules can be derived easily in projection theory [12]. More details are given
in Chapter 6.

5.12.2 Considerations with respect to nanoscience

In nanoscience, we deal with atoms and molecules, which consist of charged ele-
mentary particles (electrons, etc.). Here gravity does not play a role, but the
Coulomb interaction is relevant. The description of many-particle systems, in partic-
ular in the nanorealm, interactions between electrons and their screening are rele-
vant and influence the material properties critically. In particular, the atomic
(molecular) structure and dynamics are very much influenced by the interaction for
which the Coulomb interaction is the starting point.

We have the following situation: The force between the two charges q and Q is
proportional to qQ=r2 where r is the distance between the two charges. The term
qQ=r2 looks like the corresponding law m1m2=r2 for Newton’s gravity and, in fact,
the same problems appear in connection with qQ=r2 : Also here we do not know
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where it comes from. It works excellently, but we cannot also in this case assume
that the law qQ=r2 reflects the final solution. We are not able to develop this law
further, because we do not know the mechanism behind the formula qQ=r2 .

All that is important for nanoscience because the entities of nanosystems are
described at the ultimate level by atoms and molecules for which in traditional
physics Coulomb’s force law qQ=r2 is basic. On the other hand, reliable force laws
are necessary since nanoproperties are very sensitive to small variation in the force
laws (interaction potentials).

As in the case of gravity, Coulomb’s force law qQ=r2 is at each clock time τ
expressible through the potential energy VCoulðrÞ=VCoulðx, y, zÞ. The function
VCoulðx, y, zÞ describes in traditional physics the physically real interaction processes
between two charges in x, y, z space. In projection theory, the term VCoulðx, y, zÞ has to
be extended through the system-specific time t and we get instead of VCoulðx, y, zÞ the
term Vnanoðx, y, z, tÞ, when we concentrate ourselves on the nanorealm. In analogy to
eq. (5.47), we get

VCoulðx, y, zÞ ! Vnanoðx, y, z, tÞ (5:51)

Whereas VCoulðx, y, zÞ describes “physically real processes” in x, y, z space, the func-
tion Vnanoðx, y, z, tÞ describes “correlations” between the (geometrical) charges in
x, y, z, t space [ðr, tÞspace].

Also in the case of nanosystems, the physically real processes in projection the-
ory take place in ðp,EÞ space and, as in the case of eq. (5.48), we get in ðp,EÞ space
the momentum–energy operator

Vnano i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, − i�h

∂

∂E

� �
(5:52)

Drastic changes in the theoretical description can be expected when we work within
the frame of the projection principle.

A realistic description of nanophenomena is necessary because changes at the
nanolevel, which is the ultimate level in the description of material properties, will
influence our daily life essentially. Just in connection with food and medicine de-
velopments, where it is even planned to change brain functions, realistic descrip-
tions are necessary. For all that we need reliable world views and theoretical
conceptions. We must know what we do!

5.12.3 Further statements

The container model of traditional physics and the projection principle are views
that are essentially different from each other. The container model reflects a hard
approximation, which is obviously compensated through other approximations.
But this cannot be the final way for solving scientific problems. The projection
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principle is more realistic, and this is because this physical view treats space and
time more realistically.

No doubt, in the nanorealm we need reliable theoretical conceptions for the
treatment of the various phenomena at this level, and this is because nanotechno-
logical changes can be very far-reaching and can in particular modify our world
drastically and sustainably. For example, through nanotechnology we have in prin-
ciple the possibility to intervene in the biological evolution and this is dangerous if
such intervention is not done with care.

5.12.4 Intervention through evolution

Evolutionary processes take place at a level where nanoscience has its ultimate
level; we know that at this level the properties of usual matter and biological sys-
tems emerge. This is fundamental. Evolutionary processes are nevertheless large-
scale developments in nature, where large space–time regions are concerned.
When we change a local, but characteristic structure in the nanorealm with nano-
technological means, we not only influence the local situation, but the global large-
scale environment as well.

The entire scenario is coupled at the ultimate level, at least the proximate envi-
ronment. For example, if we change a biological system targeted at the nanolevel,
which is however still under evolutionary development, we possibly change its evo-
lutionary course simultaneously through this nanotechnological intervention. In
other words, the nanotechnological intervention is fundamental and we cannot ex-
clude that it gets out of control. It is therefore necessary to simulate the intervention
“before” the changes are done. For this purpose, reliable theoretical conceptions
have to be on hand. We should not forget that such kind of changes are interven-
tions in the evolution itself.

5.12.5 Raw space–time impressions

The material world outside is projected onto space and time. There are geometrical
positions described at each clock time τ by the variables x, y, z, t. Clearly, no physi-
cally real entities are projected onto space and time. Projection theory is basically a
quantum treatment. Thus, the geometrical positions are occupied statistically [12].

This “unconsciously” mind-created space and time refer to a “raw” space–time
information and exclusively consists of extensions and changes of extensions [75].
But we usually need numbers for space and time, that is, we need numbers for the
variables x, y, z, t. For this purpose, the human being puts a fictitious net over the
extensions and the extension changes. Clearly, the mind does not create this fictitious
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net of space coordinates and time in an unconscious way. The net itself is produced
intellectually through the human being.

In addition, human beings have a certain space–time feeling. This space–time
feeling is produced unconsciously through the mind without fictitious net of numbers.

5.12.6 Procedure

Let us consider a nanosystem and the corresponding observation procedure. The
method itself is of course also applicable to the macroscopic level as, for example,
for the observation of a tree.

The wave function of the nanosystem (or tree), formally denoted by
Ψnanoðx, y, z, tÞ, can be calculated on the basis of the system characteristic function
Vnanoðx, y, z, tÞ using the fundamental laws of projection theory (Chapter 6). For the
representation of Ψnanoðx, y, z, tÞ and Vnanoðx, y, z, tÞ, we need the variables x, y, z, t as
input. How are the elements x, y, z, t determined and how are they applied in practi-
cal investigations? Here, three steps are essential:
1. The basic information about the nanosystem is pulled from basic reality and is

transferred to the observer’s mind. The mind processes this information, re-
stricted through evolutionary processes, and creates a space–time picture be-
fore the observer’s eyes. The mind produces the characteristics in the space and
also those of the time. Space and time appear here in their most basic form,
that is, as “extensions” (space) and as “changes of the extensions” (time). All
that takes place in an “unconscious” way.

2. The human observer puts a net over the “raw space–time impression” [5] in
order to get “numbers” for space and time. This process happens “consciously,”
that is, in an intellectual way. These are numbers for the elements x, y, z, t, which
are primarily defined through the fictitious net.

3. The human being uses exactly these numbers for the calculation of the wave
function Ψnanoðx, y, z, tÞ. Then, he/she can compare the model with the corre-
sponding observation. The parameters of the measuring devices are adapted
with respect to the physical characteristics of the nanosystem described by
Ψnanoðx, y, z, tÞ. Clearly, also the functions Ψnanoðx, y, z, tÞ and Vnanoðx, y, z, tÞ are
units of the mind and have been developed in the human observer’s mind.

Human beings are also able to create the raw information about space and time
consciously, that is, in an intellectual way within the frame of thinking. It is in the
first instance a conscious impression without the fictitious net of numbers.

The space–time picture before the observer’s eyes consists basically of statisti-
cal events [12]. We cannot dissolve them within the frame of our everyday life expe-
riences, but each macroscopic system, and not only the very small atomic units, is
composed of a large number of statistical events.
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In this connection, it has to be underlined that the statistical events exist with-
out the x, y, z, t numbers, but not Vnanoðx, y, z, tÞ and Ψnanoðx, y, z, tÞ. This is a big
difference.

5.13 Perception of object-specific properties

For the description of object-specific properties, the system-specific time is of par-
ticular relevance. The existence of a system-specific time is a requirement of phys-
ics. But this kind of time is missing in traditional physics, in particular with respect
to usual quantum theory. In traditional physics, we have only one type of time and
this is the external clock time τ.

The projection principle makes the existence of a system-specific time possible
that we denoted above by the letter t. From the direct line (Figure 5.10), starting
with basic reality, we can only conclude on the “qualitative” existence of a system-
specific time t. However, in the mathematical treatment, the second line (based on
the variables px, py, pz, E), also the “quantitative” aspect of the system-specific time
t becomes possible. In this section, we give some principal comments on this topic,
just as preliminary to the next chapter so to speak.

5.13.1 Statistical events

We know from the point of view of the projection principle that there are no material
entities in space and time. Here we have exclusively geometrical structures. There are
events in space and time, which are characterized by the elements x, y, z, τ. At each
clock time τ, the object has a definite geometrical position xτ, yτ, zτ; the object has no
mass, no energy and no momentum in space having the coordinates x, y, z.

The object itself is, however, not completely defined by “one” event, but it is
described by a statistical ensemble of events, which is expressed by quantum

projection

px, py, pz, E

γ

α
↓

↓

→

(qualitative) (quantitative)

t

↓ ↓

x, y, z, τ   picture

x, y, z, t

Figure 5.10: In the perception of the system time t, two
lines are possible. The “qualitative” perception of t has its
origin in the information of a physically real object in
basic reality. The object itself is denoted by γ and in
reduced form by α. Human beings are caught in space and
time and there can be no variables for γ and α. “Caught in
space and time” also means that we cannot invent
variables without applying space and time. These
variables are the momentuns px, py, pz and the energy E.
In the qualitative description, the letter t reflects a
notation and not a variable.
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theoretical laws. A specific object is characterized by specific boundary conditions
that are used in the application of the quantum laws. The events form a statistical
entity, and there is one event at each clock time τ, that is, the events successively
occupy space in the course of time, leading to a space–time structure for the event
ensemble, which must be in accordance with the quantum laws, and these quan-
tum laws must be in accordance with the projection principle.

5.13.2 Projection theory points on a new type of time

It is important to accentuate that the projection principle points on an essential fea-
ture: The description of an object (system) with the coordinates x, y, z is obviously not
sufficient for the theoretical description of physically real (material) objects. (Note
that the time τ is not a variable for the characterization of the object itself, and this is
because τ is an external parameter.) As we already remarked in Section 5.11.2, within
projection theory a new type of time becomes necessary. It is the system-specific time
t that is needed for the “complete” description of physically real entities.

It must be distinctly underlined that the reality-observer principle requires the
introduction of the time variable t. This system-specific time t is just the quantum
time, which is missing in traditional quantum theory (Chapter 1), that is, instead of
x, y, z we have in projection theory at each clock time τ the set x, y, z, t:

x, y, z! x, y, z, t (5:53)

Why does projection theory require the system-specific time t? The answer is
straightforward and can be summarized by the arguments given in the following.
The details together with a discussion will be given in Chapter 6.

5.13.3 Complete and incomplete facts

Every physically real (material) object is located in basic reality, but it is observed
in space and time. They are not observable in basic reality, and this would in fact
be superfluous if they are observable in space and time.

Let us consider, for example, one object, say γ. Only the “useful” part α of γ is
accessible to human beings. α is pulled by the tools of evolution from basic reality
and is located in the observer’s mind where α is processed and leads to a picture in
space and time of the material object. That is, the information α is given at clock
time τ as x, y, z structure.

The picture is what the human being observes, and nothing else. Human beings
exclusively work in space and time, but there is no space and no time in basic reality.
The observations exclusively take place in space and time. Any other statement in con-
nection with physically real (material) objects is restricted to space and to time as well.
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It must be underlined that γ and α are given at each time τ in compressed form,
i.e., at each time τ the complete information of the object is existent. On the other
hand, the observed x; y; z�structures vary in the course of time τ, i.e., they are dif-
ferent from each other. This particularly means that the information at τ cannot be
complete and cannot be identified with the compressed information, but can only
be a part of it. For such a situation only one solution is possible. Let us briefly dis-
cuss this point. We already mentioned this point in Section 5.4.

5.13.4 New Variable for the Time

Some principal statements
We consider again a physically real object, which exists in basic reality and we get its
species-dependent form α through the application of the tools of evolution. The quan-
tity α is a raw information in the mind of the human observer and exists here without
space and time. Space and time come into play by the processing of α in the mind.

In this way, the human observer gives the raw information alpha a „face“, and
this face comes exclusively into existence through space and time. The object α is at
clock time τ expressed as x; y; z structure. This is the face. α without space and time
is merely a raw information and we know nothing more about it. We cannot specify
α without space and time.

Let us assume that the envisaged object interacts with its environment in basic
reality, and let us assume that this interaction does not change. Then, the object
behaves stationary. What does it mean? Since the time is at this stage not defined
yet, we cannot couple the object to the clock time τ, that is, α is not expressible in
terms of τ and is therefore τ independent. Or we may state that the raw information
α is a “constant” for all times τ, i.e., α behaves stationary with respect to time τ.
This is in fact compatible with our assumption that the interaction between the ob-
ject and the environment does not change, that is, α remains a constant in the
course of clock time τ.

Then, we may conclude the following: Since α is a constant with respect to τ, it
reflects the ”complete“ facts of the object, and this complete information of the ob-
ject is given at each time τ and has therefore to be considered as “compressed” in-
formation. This term has already been introduced in Section 5.4.2. It characterizes
the fact that the complete information of the physical real object (or even the entire
material world) is given all at once at each time τ.

This situation describes the “existence” of the physical real object. But what
does a human being observe? He observes at clock time τ a certain space structure of
the physically real object, which may be for example a tree. This space structure is
expressed in the macroscopic case (everyday life experiences) as three-dimensional
x; y; z structure and appears at clock time τ directly before the eyes of the human
observer.
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Our experiences in daily life, which are the most direct and reliable impressions
we can have about the world outside, teach us that these x; y; z structures vary in
the course of time τ. That is, this perceived information is “not” a constant with
respect to clock time τ. In other words, there seems to be a contradiction between
the compressed information α, which “exists” at each clock time τ, and that what
we actually “observe” in the course time τ in the form of x; y; z structures. However,
there is no contradiction when we work consequently within the frame of the pro-
jection principle. Let us briefly analyze the situation.

Analysis
Again, the raw information α behaves stationary and is a constant with respect
to clock time τ. The stationary situation is expressed through the following
statements:

α1 ! τ1, α2 ! τ2, α3 ! τ3; � � �
with

τ1 < τ2 < τ3 < � � �
and

α1 ¼ α2 ¼ α3 ¼ � � � ¼ α:

In other words, we have at each time τ exactly the same entity α; it is the informa-
tion about the object in compressed form.

No doubt, for the complete information α an analytical (mathematical) expres-
sion may exist and let us denote this law by gða1; a2; � � �) with the variables a1; a2; � � �,
but it is not expressible for human beings without the elements of space and time.
This mathematical function gða1; a2; � � �) is however not dependent on τ and is, like α,
exactly the same for all values τ.

Application of the reality-picture conception
Within projection theory, the reality-picture principle is valid and this principle
has to be applied on the raw information α. In other words, we want to represent
α as picture in space and time. How comes this picture into existence? This ques-
tion is important, and we have already discussed this point in Chapter 4: The
space-time picture is created by the observer’s mind. α is pulled from basic reality
and is transferred to the mind, where it is processed and the space-time picture
(the x; y; z structure at clock time τ) is created, which we feel to be in front of us
(Chapter 4).

However, we do not observe the complete information α at time τ, but we observe
an x; y; z structure at each time τ, which vary with respect to τ and the x; y; z struc-
tures are in general different from each other. That is, the information, observed in
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the course of time τ, is not the same. In other words, what we actually observe is not
α, it is not the complete information in compressed form. What is it what we observe?
It can only be a part of the complete information α. This point is essential and must
be explained in more detail.

In principle, the information can be considered to be complete if more than one
x; y; z structure could be observed simultaneously. Each of these structures, simulta-
neously observed, would correspond to various clock times τ; τ0; � � �. Then, there
would be a superposition of space structures and a superposition of clock times
τ; τ0; � � �. This situation is however against the experience that all human beings
equally have. We observe “one” x; y; z structure at a definite clock time τ. Our clocks
do not indicate various time values simultaneously. There is only one clock hand,
and we do not observe (perceive) various x; y; z structures simultaneously. These
are the facts.

For example, a clock does not show the times τ and τ0 simultaneously together
with the space structures ðx; y; z Þ and ðx; y; z Þ0 with ðx; y; z Þ≠ðx; y; z Þ0, which do
also not exist simultaneously and are not overlapped. Such a scenario has never
been observed and has therefore to be excluded.

Thus, the problem remains: At clock time τ we “observe” a certain x; y; z struc-
ture, which varies in the course of time τ. On the other hand, the complete informa-
tion of the object, which corresponds to α, is “existent” at each time τ.

This situation seems to reflect a contradiction, but this is not the case. The
problem can be solved in a conclusive way. The weak point is here the external
time τ. The information α reflects the physically real object. The observed picture of
the object, i.e., its space-time structure, is only a representation in restricted form:
It is a space structure (x; y; z structure) at time τ, and this x; y; z structure develops
in the course of time time τ. This picture has to be considered as incomplete be-
cause the clock time τ does not belong to the physically real object; τ is, as we
know, an external parameter and is for the characterization of all things in the
physically real world.

The external time, displayed by our clocks, reflects a rather naive point of view.
The standpoint by Julius Fraser underlines that. He gave an instructive comment in
his book “TIME, the familiar Strange”, which we already quoted in Chapter 1. Let us
repeat the essential idea:

“The time is like the cable of the cable railway of San Francisco. The cable is driven by a far and
invisible machine, is however hidden. We know that it moves, because the carriages are con-
nected and are carried with it. Completely similarly we usually see the time in everyday life as a
universal, cosmic movement of the present, of the now; they are propelled by natural or divine
forces and matter, life, humans and society are connected with them and are propelled and
along-moved for a while.” [11]

The San Francisco cable railway is of course a metaphor but it exactly reflects the
situation how human beings experience the phenomenon “time”.
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This view is in particular applied in traditional physics (Newton’s mechanics,
usual quantum theory). Also our physically real object, its x; y; z structure, which
we observe at clock time τ, is within the frame of Fraser’s view driven by a far and
invisible time-machine, which produces the time τ. We obviously use for the repre-
sentation of the object-picture an incomplete space-time picture because we merely
express the object through an x; y; z structure; the time τ characterize the behavior
of the object but it does not characterize the material object itself, and this is be-
cause τ is an external parameter, which behaves in analogy to the cable railway of
San Francisco. That is, the parameter τ does not belong to the physically real object.
This is in fact an unsatisfactory situation. However, the projection principle dictates
the solution of this problem.

The characterization of the object through an x; y; z structure without time
structure has to be considered as an incomplete information. That is, the observed
facts, not constant with respect time τ, are due an incomplete space-time picture.
This is in fact the key for the solution of our problem analyzed above.

The following step is essential: The raw information α is constant with respect
to time τ and is complete. Within the frame of the projection principle, α has to be
projected onto space and time. In this connection it is “necessary” to introduce an
“object-specific time”, which we would like to denote again by the letter t. Then,
the picture of the physically real object is characterized by the four variables
x; y; z; t and this picture is, like α, complete. In this way, the missing time structure,
an effect that we discussed above, is realized. There is no other possibility to solve
the problem, and it is a general formulation.

Again, the extension of the scenario through the object-specific time t is neces-
sary, and there is only one way to interpret the situation: This four-dimensional
x; y; z; t�picture (block) is equally defined at each clock time τ. Then, the complete
raw information α has its complete counterpart in the form of a projection onto
space and time leading to the picture of the object. This picture reflects the com-
plete information α if the projection mechanism transfers the complete facts of α.
Clearly, in this case the complete object-picture is in fact a constant and is indepen-
dent on τ (as α itself).

The solution of the problem
Using the system-specific time t we may state the following: We define the physi-
cally real object within the time range ta ≤ t ≤ tb where ta and tb define the life-time
Δt ¼ tb � ta of the object. Then, the object is not observable for τ> tb and τ< ta.
Human beings do not observe the complete facts given by the x; y; z; t�structure for
ta ≤ t ≤ tb, but the incomplete part x; y; z; t ¼ τ at clock time τ.
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In conclusion, the complete x; y; z; t�structure with ta ≤ t ≤ tb (corresponding to
α) is “existent” at τ, but only the part x; y; z; t ¼ τ is ”observed” (perceived) at the
same time τ. This situation defines a “selection process”: The structure x; y; z; t ¼ τ
is selected from the complete x; y; z; t�structure with ta ≤ t ≤ tb.

Within this scenario, the clock time τ is not created by an obscure external
time-machine, but it is created through the human being’s mind. The time τ reflects
a mind-state. In this way, we obtain a consistent conception and all entities and
features of projection theory represent a unified whole.

There is not “one” system existing, singular in character, which produces that
what we call time. But time has to be based on the physically real systems (objects)
themselves. In other words, not “one” singular system (a hidden time-machine,
which works in analogy to the San Francisco cable railway) produces the time, but
“each” physically real system (object) does it. This situation defines the term “sys-
tem-specific time” and it dictates the conception for the solution of the contradic-
tion underlined above: The fact that the “constant” information α is not observed
but x; y; z structures, which are “not constant”.

A large number of physically real systems (objects) are in the universe, but
none of them is preferred and singular, respectively. Each of them must therefore
have its own time structure, which is system-specific. This peculiarity is compatible
with the individual time feeling of human beings.

Classification
We observe at clock time τ the space structure giðx; y; zÞ, where giðx; y; zÞ reflects the
material world outside before our eyes. The structure giðx; y; zÞ can be for example a
single material object. Whereas giðx; y; zÞ varies in the course of time τ, the quantity
α, which is constant with respect to time τ, is the complete information about the
object (world outside). The space-structure giðx; y; zÞ cannot be identified with α.
That is, we have

τ1 ! g1ðx; y; zÞ≠α
τ2 ! g2ðx; y; zÞ≠α

..

.

τi ! giðx; y; zÞ≠α

..

.

with

g1ðx; y; zÞ≠ g2 ðx; y; zÞ≠ � � �≠ gi ðx; y; zÞ≠ � � �
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The facts with respect to α are projected onto space and time, and it is necessary to
introduce a system-specific time, which is in the case of a single physically real ob-
ject “object-specific”. We get for the picture an x; y; z; t�structure, which exists
within the time region ta ≤ t ≤ tb and has to be identified with the complete informa-
tion α. We have

gðx; y; z; tÞ ¼̂ α

However, we do not observe the x; y; z; t�structure with ta ≤ t ≤ tb all at once but
piecewise, i.e., only “one” structure for one t of the complete information
x; y; z; t�structure with ta ≤ t ≤ tb is observable for human beings. Only the part
x; y; z; t ¼ τ of the complete space-time structure can be „observed“ at the time τ,
and this part varies with respect to time τ as the observations show. Just this behav-
ior is described by the x; y; z; t�structure. The x; y; z; t ¼ τ�structure is selected
from the complete x; y; z; t�structure with ta ≤ t ≤ tb. We have

gðx; y; z; tÞ �!selection
gðx; y; z; t ¼ τ1Þ

gðx; y; z; tÞ �!selection
gðx; y; z; t ¼ τ2Þ

..

.

gðx; y; z; tÞ �!selection
gðx; y; z; t ¼ τiÞ

..

.

The various structures gðx; y; z; t ¼ τiÞ are then identical with observed structures
g1ðx; y; zÞ:

gðx; y; z; t ¼ τ1Þ ¼ g1ðx; y; zÞ
gðx; y; z; t ¼ τ2Þ ¼ g2ðx; y; zÞ

..

.

gðx; y; z; t ¼ τiÞ ¼ giðx; y; zÞ

..

.

The human observer, his mind, scans on the basis of the time τ, which is used as
clock time, the x; y; z; t ¼ τ�structure between ta and tb and he gets the complete
information α after he has observed the object (world outside) within the time inter-
val Δτ ¼ Δt ¼ tb � ta.

It is a piecewise observation of the complete information α, although α is exis-
tent at each clock time τ. Why does nature goes this way? The answer is relatively
simple and is given by the principles of evolution, in particular the “principle of
usefulness” come here into play: It is less burdened for a human being to treat the
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environment piecewise and not as a compressed block. Such a procedure is more
useful for daily life and survival, just in the early phase of evolution (Section 5.4.4).

Since human beings cannot avoid the effects of evolution, they can only per-
ceive a part at time τ of the complete information. From the complete object infor-
mation x; y; z; t�structure with ta ≤ t ≤ tb a human being can only observe the part
x; y; z; t ¼ τ at time τ. Human beings are principally not be able to recognize the
“absolute truth”. It can only that perceived what the evolution dictates; in this con-
nection not only the τ—selection is effective (see in particular Chapter 4). Human
beings are embossed through the effects of evolution.

In this section, we have made qualitative statements. In Chapter 6, we will give
a quantitative treatment, and we will recognize that the system-specific time t has
its origin at the quantum level and, therefore, t reflects a quantum-aspect of time.
Just this type of time is missing in traditional quantum theory.

Essential items
A human being observes one x; y; z structure at time τ, and this x; y; z structure
varies in the course of time τ. That is, the x; y; z structure at τ can only be a part of
the complete information α. We know however that the complete information α ex-
ists at each time τ, but the human being does not observe it at time τ. This is not a
contradiction, and the solution is straightforward and basic. Here the system-spe-
cific time t is necessary and we cannot resign on it.

The complete information α of the physically real object under investigation is
projected onto space and time having the variables x; y; z; t. In contrast to the clock
time τ, the letter t refers to the system-specific time since the x; y; z; t structure refers
to the physically real object. Instead of α we get a picture of α. Since α is complete, the
picture must be complete too. The object is assumed to be existent between the initial
time ta and the final time tb. Then, the complete x; y; z; t structure, which reflects a
static block, is expressed through “all” x; y; z structures in the time interval ta ≤ t ≤ tb.
However, we observe only one x; y; z structure at time τ, which is identical with the
x; y; z; t ¼ τ structure. The observation of the object starts at τa ¼ ta and is finished at
τb ¼ tb. For τ< τa and τ> τb the physically real object cannot be observed.

The time τ goes monotonically from τ ¼ ta to τ ¼ tb. The t�spectrum defined
through τa ¼ ta ≤ t ≤ τb ¼ tb, which is characteristic for the material object, is
scanned systematically, that is, the states of the object are not given all at once at
time τ, but the states are selected. The τ selection have to be judged as a phenome-
non of evolution.

5.13.5 Existence and observation

Let us assume again that the material object exists between the initial time τa and
the final time τb. The object exists for all times τ with τa ≤ τ≤ τb, i.e., in the time
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interval Δτ ¼ τb � τa≠0. As we have outlined in Section 5.13.4, the facts concerning
the object are constant within Δτ. This constant information in Δτ defines the infor-
mation in compressed form and the object “exists” at each time τ in complete form.
In other words, the object itself is given at each time τ exactly by the same facts.
This situation concerns the “existence” of the object.

But what is “observed” with respect to the object at time τ? At time τ not the
complete information is “observable”, but only a part of the object is “observable”
This is not a contradiction and is explained in Section 5.13.4.

The compressed form (the complete information concerning α) can only be given
in terms of a new time-scale with a completely new type of time. We denoted this
new type of time by the letter t. There is no other way for the explanation of the facts.

Then, the compressed form of information, i.e., its complete contents, is repre-
sented as a function of the four variables x; y; z; t and this complete information is
given at each time τ as constant block x; y; z; t with ta ≤ t ≤ tb, and this block has to
be identified with α. This is however not quite exact. As we will recognize in
Chapter 6, this statement is only true for τ± ε, where ε can however be an infinitesi-
mal small time-interval; ε can be arbitrarily small but must be different from zero.
Because the quantity ε can in principle be arbitrarily small, τ and τ± ε are practi-
cally undistinguishable: τ± ε ffi τ with ε ffi 0.

5.13.6 The Construction for Time-Individuals

One Object
Let us consider one material object, which is observed by a human being. We assign
to each clock-time τ one value t of the system-specific time:

t ¼ τ (5:54)

The object exists in the time-interval Δτ ¼ τb � τa, i.e., the variable t is defined just
in this interval and we get

τa ≤ t ≤ τb (5:55)

Then, we have with Eq. (5.54)

ta ≤ t ≤ tb (5:56)

The τ�scale is identical with the life-time of the observer and is not restricted to τa
and τb, which reflect object-properties, i.e. in general we have

τ< ta

τ> tb
(5:57)
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At each clock time τ, we have a space-time structure given by the variables
xτ; yτ; zτ; t ¼ τ with

τ : xτ; yτ; zτ; t ¼ τ (5:58)

We suppose that the space-positions xτ; yτ; zτ have at each clock-time τ a lower
limit xaτ; yaτ; zaτ and an upper limit xbτ; ybτ; zbτ:

xaτ ≤ xτ ≤ xbτ

yaτ ≤ yτ ≤ ybτ

zaτ ≤ zτ ≤ zbτ

(5:59)

with the intervals

Δxτ ¼ xbτ � xaτ

Δyτ ¼ ybτ � yaτ

Δzτ ¼ zbτ � zaτ

t ¼ τ

τa ≤ t ≤ τb

(5:60)

The complete information with respect to the object under investigation, which is
given at each time τ in basic reality in compressed form, is expressed in space and
time through the information in the intervals expressed by (5.60).

Then, with Eq. (5.58) the complete information in space and time is given
through

xτ; yτ; zτ; t ¼ τ

τ ¼ τa; � � � ; τb
(5:61)

The reference time τ (clock time) moves monotonocally and continuesly from
τ ¼ τa to τ ¼ τb. Equation (5.61) represents the complete information, which is con-
tained in α in compressed form, but is distributed in space and time within the in-
tervals (5.60).

The time t is, as we know, a system-specific time and belongs to the object
under investigation. The time-interval Δt is the life-time of the object that will be
scanned through the (external) clock time τ. The time τ goes monotonically from
τ ¼ ta to τ ¼ tb.

Information Contents
A human being experiences at clock time τ a certain x; y; z� structure. However, the
space-structure in terms of the elements x; y; z; t ¼ τ is only a part of the whole.
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The whole reflects the x; y; z� structure of the complete t�scale, which is defined
through the interval τa ≤ t ≤ τb and represents the compressed form of the raw infor-
mation α.

The entire (compressed) information concerning α, which is distributed over the
interval Δτ ¼ τb � τa, is “existent” at each time τ, but only a part of it is “observed”
at time τ.

Nature is organized in this way, where evolutionary processes play a relevant
role. In fact, all that is a selection process and has to be seen as a specific process
within the frame of biological evolution. It does not reflect an information-reduction
but the information is merely elongated.

Remark
The system-specific time t is not observed at clock-time τ. A human being only ob-
serves directly x; y; z�structures, which they experience spontaneously at each time τ.
The relation t ¼ τ [see Eq. (5.54)] is an assignment and does not mean that we
observe t at τ. The space-structure is observed at τ and not t; the existence of the
“system-specific” time t is the logical consequence due to the existence of the
“compressed” information at each time τ, which follows, on the other hand, from
the projection principle. The system-specific time t reflects here a qualitative fact.

Extension to N Objects
The Eqs. (5.54) - (5.61) reflect the situation for one material object. It is easy to ex-
tend the expressions for the case of N material objects. Instead of (5.54) we obtain

t1 ¼ τ

t2 ¼ τ

..

.

tN ¼ τ

(5:62)

if ti≠0; i ¼ 1; 2; � � � ;N; at clock time τ.
Let us also here assume that the ith material object exists between the initial

time τai and the final time τbi, i.e., it exists within the time interval Δτi ¼ τbi � τai≠0.
All the time intervals Δτi are assumed to be within the observation-time interval Δτ.

The N objects exist in the time-intervals Δτi ¼ τbi � τai, i ¼ 1; 2; � � � ;N, i.e., the
values ti are defined just in these intervals and we get

τai ≤ ti ≤ τbi; i ¼ 1; 2; � � � ;N (5:63)

Then, we have with Eq. (5.62)

tai ≤ ti ≤ tbi; i ¼ 1; 2; � � � ;N (5:64)
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The τ scale is identical with the life-time of the observer and is not restricted to
τai; τbi; i ¼ 1; 2; � � � ;N, which reflect object-properties, i.e. in general we have

τ< tai; i ¼ 1; 2; � � � ;N
τ> tbi; i ¼ 1; 2; � � � ;N

(5:65)

In analogy to (5.58), we have N space-time structures given at each clock time τ by
the block

x1τ; y1τ; z1τ; t1 ¼ τ

x2τ; y2τ; z2τ; t2 ¼ τ

..

.

xNτ; yNτ; zNτ; tN ¼ τ

(5:66)

There are also here lower and upper limits for the space-time positions of all N objects
at each clock time τ. We have

x1aτ; y1aτ; z1aτ; t1aτ; x1bτ; y1bτ; z1bτ; t1bτ

x2aτ; y2aτ; z2aτ; t2aτ; x2bτ; y2bτ; z2bτ; t2bτ

..

.

xNaτ; yNaτ; zNaτ; tNaτ; xNbτ; yNbτ; zNbτ; tNbτ

(5:67)

Then, we get in analogy to (5.59) the following conditions:

x1aτ ≤ x1τ ≤ x1bτ; y1aτ ≤ y1τ ≤ y1bτ; z1aτ ≤ z1τ ≤ z1bτ

x2aτ ≤ x2τ ≤ x2bτ; y2aτ ≤ y2τ ≤ y2bτ; z2aτ ≤ z2τ ≤ z2bτ

..

.

xNaτ ≤ xNτ ≤ xNbτ; yNaτ ≤ yNτ ≤ yNbτ; zNaτ ≤ zNτ ≤ zNbτ

(5:68)

with the intervals

Δxiτ;Δyiτ;Δziτ; i ¼ 1; 2; � � � ;N (5:69)

which are expressed by

Δxiτ ¼ xibτ � xiaτ

Δyiτ ¼ yibτ � yiaτ

Δziτ ¼ zibτ � ziaτ

(5:70)
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The complete information with respect to the N objects, which is given at each time
τ in basic reality in compressed form, is expressed in space and time through the
information in the intervals expressed by (5.70).

Then, with Eq. (5.66) the complete information in space and time is given for
the N material objects through

x1τ; y1τ; z1τ; t1 ¼ τ

x2τ; y2τ; z2τ; t2 ¼ τ

..

.

xNτ; yNτ; zNτ; tN ¼ τ

τ ¼ τai; � � � ; τbi; i ¼ 1; 2; � � � ;N

(5:71)

The reference time τ (clock time) moves monotonocally and continuously from
τ ¼ τa to τ ¼ τb. Equation (5.71) represents the complete information, which is con-
tained in the raw information αi; i ¼ 1; 2; � � � ;N for the N material objects in com-
pressed form, but is distributed in space and time within the intervals (5.60).

5.13.7 Constructions for Space-Individuals

Time-Indivituals (human beings) perceive the compressed object-information as
x; y; z�structure at time τ. But there is at least a second possibility to perceive exactly
the same compressed object-information. In this second case not the x; y; z�structure
at time τ is observed but the t�structure at a certain space-position λ. Since the
space has three dimensions, also λ must be given as three-dimensional element hav-
ing the components λx; λy; λz:

λ ¼ ðλx; λy; λzÞ (5:72)

In other words, the compressed object-information is scanned with respect to λ and
not with respect to the clock time τ. In this case, the observer is in his biological com-
position different from human beings. Let us call the type of observer “space-individ-
ual”. Space-individuals arrange the world space-specific and time-individuals arrange
the world time-specific. However, both observer-types experience the same object and
have finally exactly the same space-time information about the material object.

One Object
Let us consider also for this case one material object, which is observed by a space-
individual (different from a human being). We assign to each position λ one sys-
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tem-specific space-position, described by the three components x; y; z. In analogy to
(5.54) we obtain

x ¼ λx; y ¼ λy; z ¼ λz (5:73)

Let us assume that the material object exists between the initial position
λa ¼ ðλxa; λya; λzaÞ and the final position λb ¼ ðλxb; λyb; λzbÞ. The object exists for all
positions λ with λa ≤ λ≤ λb, within the time interval Δt ¼ tb � ta.

The object exists in the following position-intervals

Δλx ¼ λxb � λxa

Δλy ¼ λyb � λya

Δλz ¼ λzb � λza

(5:74)

That is, the position x; y; z, described by (5.73), is defined just in these intervals and
we get

λxa ≤ x≤ λxb

λya ≤ y≤ λyb

λza ≤ z ≤ λzb

(5:75)

Then, we get with (5.73)

xa ≤ x≤ xb

ya ≤ y≤ yb

za ≤ z ≤ zb

(5:76)

The λ�scale is identical with the life-position (corresponding to the life-time of
time-individuals) of the space-individual and is not restricted to λa ¼ ðλxa; λya; λzaÞ
and λb ¼ ðλxb; λyb; λzbÞ, which reflect object-properties, i.e. in general we have

λx < xa; λy < ya; λz < za

λx > xb; λy > yb; λz > zb
(5:77)

At each space-position λ, we have a space-time structure given by the space position
xλ; yλ; zλ and “all” t-values, which we want to summerize by the letter tλ:

xλ ¼ λx; yλ ¼ λy; zλ ¼ λz

tλ
(5:78)

For each space-point λ the complete t-spectrum is selected.
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We suppose that the space-positions xλ; yλ; zλ have a lower limit xa; ya; za and an
upper limit xb; yb; zb:

xa ≤ xλ ≤ xb

ya ≤ yλ ≤ yb

za ≤ zλ ≤ zb

(5:79)

with the space-time intervals

Δx ¼ xb � xa

Δy ¼ yb � ya

Δz ¼ zb � za

(5:80)

The complete information with respect to the object under investigation, which is
given in basic reality in compressed form, is expressed at each space-position λ
through the information in the intervals expressed by (5.80).

Then, with Eq. (5.78) the complete information in space and time is given through

xλ; yλ; zλ; tλ

λ ¼ λa; � � � ; λb
(5:81)

where xλ, yλ, zλ represents again one space-position and tλ the entire t-spectrum.
As in the case of the reference time τ, it is assumed that the reference position λ

moves monotonocally and continuesly from λ ¼ λa to λ ¼ λb. Equation (5.81) repre-
sents the complete information, which is contained in α in compressed form, but is
distributed in space and time within the intervals (5.80).

The positions x; y; z are, as we know, system-specific and belong to the object
under investigation, observed by the biological individual of the other kind. The
space-intervals Δx;Δy;Δz are the life positions (in analogy to the lifetime of time-
individuals) of the object that will be scanned through the (external) position λ
with λx; λy; λz. The position λ goes monotonically from λ ¼ xa; ya; za to λ ¼ xb; yb; zb.

Information Contents
A space-individual experiences at reference position λ ¼ ðλx:λy:λzÞ a certain t�
structure. However, the time-structure in terms of the elements x ¼ λx; y ¼ λy; z ¼ λz; t
is only a part of the whole. The whole reflects the t structures of all x; y; z values on the
λ scale, which are defined through the interval λa ≤ x; y; z ≤ λb. This information repre-
sents the compressed form of the raw information α.

The entire (compressed) information concerning α, which is distributed over
the interval Δλ ¼ λb � λa, is “existent” at each reference position λ, but only a part
of it is “observed” at position λ.
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Nature is organized in this way, where evolutionary processes play a relevant
role. In fact, all that is a selection process and has to be seen as a specific process
within the frame of biological evolution. It does not reflect an information-reduc-
tion but the information is merely elongated.

Remark
The system-specific position x; y; z is not observed at the reference position
λ ¼ ðλx; λy; λzÞ. The biological individuals of the other kind only observe directly t
structures, which they experience spontaneously at each position λ. The relations
x ¼ λx; y ¼ λy; z ¼ λz are assignments and do not mean that the individual observes
x; y; z at λx; λy; λz. The time-structure is observed at λ and not x; y; z; the existence of
the “system-specific” position x; y; z is the logical consequence due to the existence
of the “compressed” information at each position λ, which follows, on the other
hand, from the projection principle. As in the case of the system-specific time t, the
system-specific positions x; y; z reflect a qualitative fact.

Extension to N Objects
The Eqs. (5.73) - (5.81) reflect the situation for one material object. It is easy to ex-
tend the expressions for the case of N material objects. Instead of (5.73) we obtain

xi ¼ λx; i ¼ 1; 2; � � � ;N
yi ¼ λy; i ¼ 1; 2; � � � ;N
zi ¼ λz; i ¼ 1; 2; � � � ;N

(5:82)

if ðxi; yi; ziÞ≠0; i ¼ 1; 2; � � � ;N, at space position λ.
Let us also here assume that the ith material object exists between the initial

position λai and the final position λbi, i.e., the object exists within the position inter-
val Δλi ¼ λbi � λai≠0.

The N objects exist in the position-intervals expressed by eq. (5.75), i.e., the val-
ues xi; yi; zi are defined just in these intervals and we get

λxa ≤ xi ≤ λxb; i ¼ 1; 2; � � � ;N
λya ≤ yi ≤ λyb; i ¼ 1; 2; � � � ;N
λza ≤ zi ≤ λzb; i ¼ 1; 2; � � � ;N

(5:83)

Then, we have with Eq. (5.82)

xai ≤ xi ≤ xbi; i ¼ 1; 2; � � � ;N
yai ≤ xi ≤ ybi; i ¼ 1; 2; � � � ;N
zai ≤ zi ≤ zbi; i ¼ 1; 2; � � � ;N

(5:84)

5.13 Perception of object-specific properties 269

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



The λ�scale is identical with the life-position of the observer and is not restricted to
λai; λbi; i ¼ 1; 2; � � � ;N, which reflect object-properties, i.e. in general we have

λx < xai; λy < yai; λz < zai; i ¼ 1; 2; � � � ;N
λx > xbi; λy > ybi; λz > zbi; i ¼ 1; 2; � � � ;N

(5:85)

In analogy to (5.58), we have N space-time structures given at each reference posi-
tion λ by the block

x1λ; y1λ; z1λ; t1λ

x2λ; y2λ; z2λ; t2λ

..

.

xNλ; yNλ; zNλ; tNλ

(5:86)

Also here there lower and upper limits for the time positions of all N objects and we
get in analogy to (5.68) and (5.69) corresponding conditions for the λ scale.

The complete information with respect to the N objects, which is given at each
reference position λ in basic reality in compressed form, is expressed in space and
time through the information in the intervals expressed by (5.70).

Then, with Eq. (5.86) the complete information in space and time is given for
the N material objects through

x1λ; y1λ; z1λ; t1λ

x2λ; y2λ; z2λ; t2λ

..

.

xNλ; yNλ; zNλ; tNλ

λ ¼ λai; � � � ; λbi; i ¼ 1; 2; � � � ;N

(5:87)

The values tλ reflect again the entire t-spectrum of the ith object at position xiλ, yiλ,
ziλ,. The space individual perceives at a certain space-position the past, present and
future, all together. This is unimagible for time individuals, that is, for human
beings. The reference position λ moves, in analogy to the reference time τ, mono-
tonically and continuously from λ ¼ λa to λ ¼ λb. Equation (5.87) represents the
complete information, which is contained in the raw information αi; i ¼ 1; 2; � � � ;N
for the N material objects in compressed form, but is distributed in space and time
within the intervals (5.70).
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5.13.8 Conclusion

All the statements in connection with time individuals and space individuals can al-
ready be concluded from the very basics of projection theory, and the principles are
summarized in Figure 5.11. These are exclusively qualitative statements. Qualitative
statements are the background for theoretical frames, which allow quantitative descrip-
tions. If, on the other hand, only qualitative statements are possible, the statements are
fundamental.

Material object
γ,α

(compressed form)

Space–time
representation

x,y,z

x, y, z

t

t

Material object
( picture)

Time – individual

λ Space  – individual

τ

Figure 5.11: Observation of a material object. The object ðγ, αÞ is given in compressed form. Also the
picture in space and time is given in compressed form. However, the compressed form is not
directly observed but, as we know, exclusively the projected picture in space and time. The picture
with the complete object information is scanned, and there are two possibilities for such a
scanning process. Here we have to distinguish between time individuals (human beings) and space
individuals; how a space individual is biologically structured is not known yet. In the case of time
individuals, it is scanned with respect to time and the reference time τ is relevant (vertical line in
the figure). In the case of space individuals, it is scanned with respect to space and the reference
position λ is relevant (horizontal line in the figure). For time individuals we have: At each clock time
τ, the observer experiences a space–time structure given by the variables xτ , yτ , zτ , tτðtτ = τÞ. For
space individuals, the following is: At each reference position λ, we have a space–time structure
given by the variables xλ = λx , yλ = λy , zλ = λz , tλ.
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Concerning time individuals and space individuals, the following has to be mentioned:

Time individuals
Time individuals select the information from basic reality with respect to time τ. In
this case, we have a reference time τ. Time individuals experience the world (envi-
ronment) spontaneously through space structures, which appear successively be-
fore them and are expressed through what we call “time.” Human beings belong to
the class of time individuals.

Space individuals
Space individuals select with respect to position λ. In this case, we have a reference
position λ. At each position the time structure of the object under investigation is
different. Space individuals experience the objects in terms of time structures at
each selected space position λ.

Time individuals and space individuals experience the same objects in terms of
space structures (time individuals) or in terms of time structures (space individuals).

5.13.9 Nanolevel and life functions

We are familiar with time individuals because human beings belong to this class of
observers. The space individuals are, however, unimaginable for human beings,
but a lot of things are unimaginable for us. For example, the turkey in the experi-
ment by Wolfgang Schleidt responded in a way, which was inscrutable to a human
being, that is, it was not comprehensible at all.

The turkey showed a behavior in the experiment, which was completely different
from what a human being would do in similar situations. The turkey even killed its own
chick, although the environmental situation was changed unessentially. Here, the envi-
ronment on the earth is concerned. We know, however, that the environments in the
cosmos vary strongly and we may assume that individual life is organized differently
from what we know in connection with the conditions on the earth. However, we do not
know if life is possible at all in the case of extreme situations in the cosmos.

What does the projection principle say? The projection principle does not say
something about the details of object manifestations, but it reveals the possibility
for various individual life forms. In this connection, it turned out within our analy-
sis that the manifestation of physically real (material) entities is dependent on the
observer type. The conditions for space individuality and time individuality can di-
rectly be derived within the frames of the projection principle. There are further
possibilities for life variations, but we do not want to deepen this point in the book.
The entire discussion shows that we can vary the form of individuality if changes
with respect to the biological structure are done.
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In nanoscience, we work at the ultimate level, where “individuality” emerges.
“Ultimate” means that the impact is basic. Nanoscience effectuates therefore a fun-
damental impact on essential life functions; in particular, brain functions are con-
cerned. For this purpose, we need a detailed knowledge about the physical
background, which reflects this field realistically. The projection principle is obvi-
ously a suitable frame for such kind of activities.

The possible existence of time individuals and space individuals shows in
what direction we think. We have τ individuals (time individual) and we discussed
λ individuals (space individuals). In this connection, mixed states, consisting on a
superposition of both individual states, become principally possible. Let us denote
individuals in mixed states by τ, λ individual.

5.13.10 Interrelations between the basic units

Space and time are influenceable
It is planned to apply the tools of nanoscience in medicine. Here also the brain func-
tions will be in the focus. But we do definitely know what the brain is, in particular its
interrelations to the other entities of the human being. In other words, we have to know
what the brain is and how it is connected to the mind states and the body functions.

Three units are essential here and these are given by the reality itself, the mind
and the brain of the human being. The projection principle goes a step further and
declares space and time as the most relevant elements in the assessment of real sit-
uations in the world outside (environment). In fact, space and time are created
through the mind and are principally influenceable through the mind.

The “interrelations” between reality, mind, brain and the space–time are rele-
vant. These interrelations are obviously more important than the details concerning
the functional operations of these modules themselves. This should be the way: first,
we have to know the interrelations between the relevant modules forming the percep-
tion system. On this basis, we can estimate what functional meaning they have.

Nanotechnological changes
For this purpose, we need a conception for the interrelations between reality, mind,
brain and the space–time. The projection principle allows to develop such a con-
ception. In this connection it is important to accentuate that the brain and the mind
are coupled (Section 4.9.1) and how this coupling is interlocked with the entire sce-
nario consisting of reality, mind, brain and space and time.

Through the changing of brain functions, which is nanotechnologically planned,
new mind states could in principle be created and/or influenced. On the basis of a
serious scientific conception, and the projection principle is a serious conception, we
can particularly estimate what such interventions effectuate. In other words, we can
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possibly say something about the impact of such nanotechnological changes on the
human being under investigation and on his/her individual behavior.

Misjudgments, as in the case of the experiment with a turkey and its chick
(Chapter 1), have to be avoided under all circumstances. Here we deal with creatures
and not only with usual matter.

5.13.11 Changing the brain functions at the nanolevel

The actions of a human being essentially indicate in what mind state he/she is. A
human being recognizes the physically real objects as space–time picture in the
form of geometrical structures.

His/her activities are exclusively based on these experiences. In the case
of τ individual (human beings), the x, y, z structure of the observed material
object at clock time τ is in fact a creation of the observer’s mind.

It belongs to the characteristics of the projection principle that the mind is lo-
cated outside of space and time. Nevertheless, the space–time structures, on which
everything is based, are influenced by the mind; moreover, they are created by the
mind. It belongs to the characteristics of the projection principle too that only a
part of the brain is material in character, but it has, in addition, a mindlike state as
well (see in particular Section 5.2.2).

Because of the coupling between mind and brain, changes with respect to the
brain (brain functions) influence the mind and mind states, respectively. Influences
with respect to the mind effectuates, on the other hand, the space–time structure be-
fore the eyes of the human being. This can in principle very far-reaching: a τ individ-
ual (human being) or a λ individual can become, for example, a τ, λ individual. That
is, through nanotechnological brain changes, drastic alterations about the perception
of the material world outside can occur. Again, the form of appearance is changed,
not the objective existence of the object. The objective existence of the material objects
remains unaffected when we experience them within the τ state, the λ state or the
τ, λ state. Here the mind and the brain are in the center. As we know, the mind
and the brain are necessarily coupled.

5.13.12 Space and time individuals

Timescales
If there is one observer (a human being in the case of time individuals) and only
one object, the object is defined on the following timescale:

τ scale: τa ≤ τ≤ τb (5:88)

The τ scale itself refers to the observer. There are also τ states for
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τ< τa

τ> τb
(5:89)

That is, we suppose that the lifetime of the human being exceeds the time range of
the object.

If there is one human being, we get in the case of N objects N time ranges for
the reference timescale, that is, we get:

τ scale: τa1, τa2, . . ., τaN , τb1, τb2, . . ., τbN (5:90)

and

τ< τa1, τa2, . . ., τaN , τb1, τb2, . . ., τbN (5:91)

τ> τa1, τa2, . . ., τaN , τb1, τb2, . . ., τbN (5:92)

That is, we suppose that the lifetime of the human being exceeds the time ranges of
the N physically real (material) objects. The reference timescale is defined through
the lifetime of the observer, which vary of course from observer to observer.

For the N objects, we have N timescales depending on the lifetimes of the phys-
ically real (material) objects:

ðt scaleÞ1: ta1, tb1
ðt scaleÞ2: ta2, tb2

..

.

ðt scaleÞN : taN , tbN

(5:93)

In conclusion, we have one reference timescale, but N system-specific timescales.
The observer is able to observe N material objects simultaneously.

Position scales
In the case of space individuals, the observers are biological systems of another
kind, that is, they are different from human beings. If there is one observer (space
individual) and only one physically real (material) object, the object is defined on
the following reference position scale:

λ scale: λxa, λya, λza, λxb, λyb, λzb (5:94)

with

λa = ðλxa, λya, λzaÞ (5:95)

λb = ðλxb, λyb, λzbÞ (5:96)
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The λ scale itself refers to the observer. There are also λ states for

λx < λxa, λy < λya, λz < λza

λx > λxb, λy > λyb, λz > λzb
(5:97)

That is, we suppose that the life position of the space individual exceeds the posi-
tion range of the object.

If there is one space individual but N objects, we get N position ranges for the
reference position scale, that is, we get:

λ scale: λxa1, λya1, λza1, . . . , λxaN , λyaN , λzaN (5:98)

and

λ< λxa1, λya1, λza1, . . . , λxaN , λyaN , λzaN (5:99)

λ> λxb1, λyb1, λzb1, . . . , λxbN , λybN , λzbN (5:100)

That is, we suppose that the life position of the space individual exceeds the posi-
tion ranges of the N physically real (material) objects. The reference position scale
is defined through the life position of the observer, which vary of course also in this
case from observer to observer.

For the N objects, we have N position scales depending on the life positions of
the objects:

ðx, y, z scaleÞ1: xa1, ya1, za1, xb1, yb1, zb1
ðx, y, z scaleÞ2: xa2, ya2, za2, xb2, yb2, zb2

..

.

ðx, y, z scaleÞN : xaN , yaN , zaN , xbN , ybN , zbN

(5:101)

In conclusion, we have one reference position scale, but N system-specific position
scales. The observer is able to observe N material objects simultaneously.

5.13.13 Interchanging the roles of space and time

For human beings, which are time individuals after our classification above, at
clock time τ the positions ri = ðxi, yi, ziÞ, i= 1, 2, . . . ,N, of N objects are directly be
recognizable. The existence of the system-specific time t is the logical consequence,
and this is due to the existence of the compressed information with respect to the
entities γ and α. Again, here human beings are concerned; a human being has at
clock time τ the x, y, z structure directly before his/her eyes.
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For space individuals (biological systems, which are different from human
beings), we suppose that merely space and time are interchanged without changing
the general argumentation. That is, we transfer the conception with respect to time
individuals to the case of space individuals.

Then, we may argue as follows: in this case, the system-specific time t is directly
recognizable and the existence of the space information ri = ðxi, yi, ziÞ, i= 1, 2, . . . ,N,
becomes the logical consequence, also here due to the existence of the compressed
information concerning γ and α.

Here, we do not deal with a human being but, as we remarked earlier, with a
biological system of another kind. For this kind of observer, the complete t structure
would directly be recognizable at a certain space position, say λ. That is, in the case
of space individuals, the functions of space and time are interchanged, when we
compare the situation with that of time individuals.

When we go from time individuals to space individuals, there is a change in
perspective. The material object is perceived in various ways, and each way is tai-
lor-made to the idiosyncrasies of the observing biological system. It is not the objec-
tively existing (true) object, which is observed, but a picture of it, depending on the
type of the biological system.

The transition from τ to λ indicates a transition to another perception. Instead of
the reference time τ we have now the reference position λ= ðλx, λy, λzÞ, which is three-
dimensional because the space is three-dimensional. In connection with time τ, there
is a one-dimensional scanning, and the scanning process is three-dimensional with
respect to λ.

Instead of time τ, indicated by a clock (clock time), we have a reference posi-
tion λ indicated by a device, which is principally different from a clock and indi-
cates a standard position λ in analogy to τ. Both the τ observer and the λ observer
experience the same object but create different pictures of it, and each picture is
useful for the respective life.

5.14 Time: qualitative and quantitative formulations

The system-specific time t, introduced in the way of Section 5.13, is independent on
any physical theory. The existence of the element t follows from the compressed
form of physically real (material) objects, which we denoted by γ and α. In fact, the
compressed block concerning a material object is not expressible in terms of varia-
bles (e.g., see Section 4.9.6), which is needed for giving entities a physical face.
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5.14.1 Principal statements

Once again, the letter t is a notation and is not a variable in this basic interpretation.
This is of course also the case for the space elements x, y, z. This is the interpretation
of the most basic state of a physically real (material) object occupying basic reality.
In this state, the elements x, y, z, t can only be notations and have no numbers but,
nevertheless, the notions “time individuals” and “space individuals” can be moved
into, as we did in Section 5.13.

The entity α, describing the material object in its basic form, is not accessible for
human beings and is therefore not directly ascertainable in terms of a mathematical
expression. A human being expresses the effects in basic reality as space–time phe-
nomenon outside of space and time. Since the entity α cannot be ascertained as
mathematical expression, its projection onto space and time can only be described
through “qualitative” arguments. This qualitative formulation is, on the other hand,
the most basic articulation of a physical phenomenon at the basic level.

The system-specific time t can only be formulated in “quantitative” form through
a physical theory, as is usual way in physics. Such a theory is, however, not assign-
able within the frame of basic reality. But a mathematical description for system-
specific time t is possible in another way, also here using the projection principle.

We will recognize in Chapter 6 that this is obviously possible by means of a
“quantum theoretical” treatment. The quantum aspect of the world is the starting
point for the formulation of t and not the classical approach. The system-specific
time t is basically a quantum time.

Thus, the system-specific time t reflects the quantum aspect of time that is miss-
ing in traditional quantum theory. It can in fact be moved on the basis of the projec-
tion principle. In other words, for the quantitative treatment we need a mathematical
formulation of the projection principle. In Chapter 6 such a way is described.

5.14.2 Time-selection processes

The world behaves stationary in basic reality, that is, outside of space and time.
Stationary means that the world in its basic form does not develop. The “entire” (com-
plete) world or any object in basic reality is given at each time τ, that is, all at once.

What is existent and what is observed?
That is, the characteristics of an object or the complete material world outside are
existent all at once and are given in “compressed” form. Then, the information in
the picture must also be given in compressed form, that is, the complete informa-
tion with respect to the space–time picture is “existent” at each time τ all at once,
but only a part of it is “observed.”
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At clock time τ, a certain information is selected, but it cannot be the complete
information. At time τ only a part of the compressed data is observed. Then, τ is ap-
plied to a timescale, which cannot be identical with the τ scale. The reason is simple:
The complete τ scale cannot be defined at a certain time τ. As we know, the x, y, z, t = τ
structures at various times τ are different from each other, that is, a certain x, y, z, t = τ
structure at a certain clock time τ does not contain the complete information about the
material object under investigation.

In other words, the compressed form of the data set requires a new type of time
with a specific timescale. It is a system-specific timescale, that is, each object (sys-
tem) has its own timescale, which we denoted above by the letter t. The complete
data set of an object or even the entire world must be distributed on this t scale; the
information within the entire t scale is then identical with the compressed informa-
tion, which is defined at each time τ as stationary block (Section 5.4.4).

The entire tscale is successively and systematically scanned by the clock time
τ, and the information at time τ= t is directly observed in daily life and appears be-
fore the eyes of human observers. It is a x, y, z, t structure (trees, houses, cars, etc.)
at clock time τ= t.

Again, human beings are caught in space and time and there can be no varia-
bles for γ and α since these entities are not connected to space and time. γ is located
in basic reality where we have no space and time, and the entity α belongs to the
observer’s mind where also no space and no time exist; the mind creates space and
time for making a picture of reality. Once again, human beings are caught in space
and time. “Caught in space and time” also means that we cannot invent variables
without applying space and time. Human beings are not able to say something
about material objects (the physically real world) outside of space and time. The
projection principle requires a world outside of space and time, but human beings
cannot perceive these things directly.

The origin of the system-specific time
Therefore, there can be no variable assigned to α and γ; they merely represent raw
information and remain “qualitative” in character and no numerical data can be
produced for them. The letter t for the system-specific time here reflects a notation
and not a variable. Since α describes a physically real (material) object, also the
time describes the same object (it is a projection of α) and is therefore object-
specific (system-specific).

It is important to accentuate that already on these qualitative statements the
existence of a new type of time necessarily emerges, which is the sytem-specific
time t in contrast to the clock time τ.
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5.14.3 On the mathematical formulation

We have outlined several times that we have within the projection principle the fol-
lowing situation: at each clock time τ, an object has a definite space-time position
xτ, yτ, zτ, t = τ, but the object has, at each time τ, no mass, no energy and no momen-
tum in space but the coordinates x, y, z. These qualitative statements are neverthe-
less the most basic information, which has been underlined in the earlier
discussions.

But an object without physically real features cannot exist. The physical real
features are associated with basic reality. Only “qualitative” statements are possible
when we treat the features with respect to basic reality (Section 5.9). However, we
must have the possibility for analytical treatments of the physically real features in
connection with theoretical physics. In such cases, we need so-called fictitious real-
ities as a replacement for basic reality.

Within projection theory, fictitious realities are described within the so-called
ðp,EÞ space where p is again the momentum with p= ðpx, py, pzÞ and E is the energy,
and both variables refer to the object under investigation. Thus, the physically real fea-
tures are expressed by the variables p and E. The object itself is projected from ðp,EÞ
space onto space and time. Under consideration of the system-specific time t, it is a
projection onto ðr, tÞ space with r= ðx, y, zÞ. This line (“fictitious reality-picture line”)
leads to “quantitative” statements about the material object. The other line, that is, the
projection from basic reality onto space and time leads to “qualitative” statements, but
the system-specific time has its origin in the “basic reality-picture line.”

The interaction processes take place in ðp,EÞ space, that is, in fictitious reality,
and there is an exchange of momentum and energy in the form of Δp and ΔE chunks,
that is, we do not need further description elements for the understanding of interac-
tions. The interaction problem is here solved elegantly without inventing the new no-
tion as, for example, in the case of Newton’s gravitational law. This point has already
been discussed in Section 5.11.

The reality-observer principle with the five units consisting of basic reality, the
tools of evolution, the mind, the processing characteristic η and the space–time pic-
ture enables to introduce a quantum aspect of time that is definitely missing in tra-
ditional physics.

5.15 Summary and final remarks

In this chapter, we gave detailed statements about what we call “matter” and we
discussed qualitatively the existence of a system-specific time, which is an outcome
of projection theory. In this section, we will summarize the main facts. But let us
first underline the relevance of the projection principle for physics and in particular
with respect to nanoscience.
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5.15.1 Nanoscience: one theory for all phenomena

It is generally accepted that nanoscience will influence our future considerably. In
particular, nanobiology and nanomedicine will change our life sustainable. For the
understanding of all these phenomena, theoretical and computational nanoscience
will play an important role. What mathematical tools do we need here and what are
the most important description elements?

The impact of nanotechnology will be tremendous. The manipulation of
atoms and molecules will allow to construct new technological devices and will
bring fundamentally new possibilities in the field of medicine. Within the frame of
nanobiotechnology, big changes are planned. It has been speculated that through
nanoscience, the human bodies will become undecaying systems of “infinite life.”
In order to increase man’s intelligence, it is particularly planned to change the
brain functions. Do we really know how brain functions work and how they are
connected to the other parts of the individuals? We have to be careful!

No doubt, the treats in nanotechnological manipulation are large, just in con-
nection with self-organizing processes, and such processes can lead to uncontrolled
situations that may appear. It has been speculated that even the entire earth could
be transformed destructively and could in principle be even hostile toward life.
Then, biological individuality would no longer be possible on the earth.

In nanoscience, we move between two poles, and these poles are given by
“total destruction” and “infinite life.” This is in fact a challenge for theoretical
physics. For all nanodisciplines, we will have to develop specific theoretical mod-
ules (architectures) on the basis of theoretical physics,

Here we work at the ultimate level where the properties of materials, biological
systems and others come into existence and, therefore, we have to apply the basic
physical laws. Do we really have a comprehensive knowledge about the basic phys-
ical laws? No, we have not. Just through nanoscience, open questions in this field
that come into play are depicted.

This, in particular, means that we have one theory for all phenomena at the
nanolevel. This theory is expressed by the laws of theoretical physics. We need
those basic laws of theoretical physics, which are formulated for the nanolevel. We
do not need of course the theoretical structures of elementary particle physics,
string theory or cosmology.

Within the frame of traditional technologies, for example, in micro- and macro-
engineering, engineers normally do not work at the ultimate level. Here, phenome-
nological descriptions are in the foreground which, in general, cannot be derived
from the basic physical laws. Each (traditional) technological discipline has its own
theoretical conception.

Nanoscience opens the door for fantastic new developments. A large variety
of effects are thinkable leading to the invention of a lot of nanofacets and disci-
plines, respectively. For these disciplines, we will have specific theoretical modules
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(architectures), developed by the laws of theoretical physics. Only theoretical physics
is here the adequate tool.

In nanoscience, we have various systems and topics, for example, functional
nanomaterials, food chemistry, medicine with brain research, quantum and molec-
ular computing, bioinformatics and nanoelectronics.

Although we have here a lot of directions and disciplines, respectively, which
are partly very different in character, we are working in nanoscience at the same
theoretical footing – in contrast to the traditional technologies. Again, in nano-
science we have one theory for all these disciplines and phenomena, and this is
given by the laws of theoretical physics.

Such a situation requires a reliable theoretical frame for the understanding of the
various nanophenomena. Just the corresponding basic elements, in particular, the
notion “quantum time” belongs to them and has to be available in realistic form.

5.15.2 The direct impressions

The most direct impression about the world outside is what we have in everyday
life immediately before us, before our eyes. These are objects in space, and we expe-
rience them in the course of time. In other words, it is a sequence of space struc-
tures. The space structures vary with clock time τ.

These everyday life experiences are the basis for the developments of physical
theories. Every physical theory, consciously developed, must be compatible with
these unconsciously experienced facts. There are sophisticated physical develop-
ments from cosmology to elementary particle physics (strings, etc., are included);
they delivered world views that broaden considerably our unconsciously perceived
everyday life experiences.

5.15.3 The notion “time”

It is astonishing that everything developed in all disciplines conceptually further,
but not the “time.” For time, the clock time τ is used without modification. On the
question “What is time?” Albert Einstein answered: “Time is that what we measure
with a clock.” He analyzed the notion “time” not further.

Again, physics proceeded and the notions used in a theory had to be adapted
to the respective conception, but the notion “time” remained. For example, scien-
tists developed the quantum theory but the time is also here given by the clock time
τ, which is classical in character, that is, we have no quantum aspect of time. We
are missing a quantum time. Erwin Schrödinger tried to construct an operator for
the time, but without success.
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What is the reason for that? The interpretation of the fundamental input, that
is, what we have in everyday life before our eyes, is obviously an approximation
and is not complete. These are object structures in space at each time τ and are ob-
viously not the complete description for the understanding of the phenomenon
“time.”

To believe that the material objects are embedded in space is not compatible
with the basic peculiarity of space and time (clock time). Already Ernst Mach
pointed distinctly on the particularity of space. Mach’s principle motivated Albert
Einstein to think about the true nature of space and time, but his theory of relativity
does not fulfill Mach’s principle and, moreover, it does not touch quantum phenom-
ena and a quantum aspect of time was not a topic within the theory of relativity. Once
again, are the things, which we have directly before us, entities made of matter?

We answered this question in this chapter and came to the conclusion that the
things before us can merely be geometrical structures. We touch and feel these
things as physically real (material) entities, but this is not a contradiction, as we
have underlined in this chapter.

Everything follows from the fact that space and time are not physically real ele-
ments because they are not accessible to empirical tests, that is, space and time
cannot be observed as “isolated” entities but always in connection with objects.
Then, it is necessary to conclude that space and time are the frame for the represen-
tation of the physically real world. The physically real (material) world outside is
projected onto space and time and it appears here at each time τ as global geometri-
cal structure. The material world itself is embedded in basic reality, which does not
contain space and time; they do reflect mind states.

We are caught in space and time. No statement about the real world can be
done without space and time. There is obviously no exception in physics, and this
fact makes this behavior to a principle.

The classical treatment of nanosystem is an approximation and is in many
cases not possible and not sufficient. That is, in the behavior of nanosystems quan-
tum effects are important and are distinctly reflected in the properties. This is par-
ticularly relevant when we want to investigate “self-organizing processes” within
the nanorealm.

A self-organizing process can be characterized as follows: a certain quantum
state develops in the course of time from one quantum state to another and reaches,
after a certain time, a stationary state.

Self-organizing processes are relevant in nanoscience and they belong to the
heart of it. We cannot resign on them. Self-organizing processes are considered as a
sequence of quantum states. In Chapter 6, we will give more details in connection
with the treatment of such systems on the basis of the quantum time.

Is a full quantum theoretical treatment of self-organizing processes possible at
all in traditional quantum theory? No, this is not possible because the “time” is
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treated classically in traditional quantum theory, and the time is a relevant factor in
connection with self-organizing processes.

In other words, the treatment of self-organizing processes within traditional
quantum theory is problematic, and this is because the time, which is in the center
of self-organizing processes, is treated here as a “classical” entity, even when the
process itself is classified as a quantum mechanical process. We have to be careful
and consequent.

Let us repeat: This transition occurs in the course of time and behaves quantum
mechanically. However, the time itself, the relevant factor in the transition, does
not reflect a quantum aspect when we work within traditional quantum theory. The
time is here a classical element and is measured with our clocks used in everyday
life, indicated in this book by the Greek letter τ.

In other words, when we go from classical physics to traditional quantum the-
ory the character of time is not changed and remains classically in character, al-
though the realm of quantum theory is entered. In both cases, we have merely the
external clock time τ. But just the time is a relevant element in the case of self-
organizing processes and, as we already remarked, such kind of processes belong
to the heart of nanoscience.

5.15.4 Levels of description

Within the frame of the projection principle, observation means that reality, mind
and brain cooperate systematically and the created information is projected onto
space and time leading to a picture of reality. The observation itself appears exclu-
sively as picture before the eyes of the human being.

How are the mind and the brain ordered when the physical reality is related
with what a human being actually perceives? This question has been answered in
detail within the reality-observation principle. We order the appearances in terms
of levels of reality. The notion “levels of reality” has already been introduced in
Chapter 2.

The observations in everyday life are positioned at the “macroscopic level”
where the five senses are effective. Above the macroscopic level is the “atomic
level,” which is the ultimate level where the properties of usual matter and biologi-
cal systems emerge. It is in particular the level of nanoscience. Usual matter is lo-
cated at the macroscopic level and is that what we have directly before our eyes in
everyday life.

We need at the ultimate level “one” theory with one description complex. The
notion “ultimate level” demands that! Usual quantum theory represents a closed
complex, but is this complex comprehensive enough for the understanding of the
phenomena in nanoscience? In this chapter and also in the previous chapters, we
discussed this point and came to the conclusion that this is not the case. A typical
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point is here the problem we have with the phenomenon “time.” Nanoscience sug-
gests and even requires the expansion of the present laws of quantum theory.

Matter is what a human being unconsciously experiences with his five senses.
It is the macroscopic level. There are other levels above the macroscopic level. In
Chapter 4, we introduced the atomic level and we saw that there is a connection
between these two levels. The atomic level is the ultimate level at which the proper-
ties of usual matter and biological systems (e.g., living systems) come into exis-
tence. This is the level of nanoscience. We introduced other forms of life, which we
summarized under the term “species.”

5.15.5 The level of matter

In Chaps. 4 and 5, we defined the notion “matter.” What is matter? When we base
our considerations on a realistic standpoint, matter is basically an “experienced”
feature and has to be based in the theoretical analysis on certain superordinated
facts, for example, the principles of evolution.

Matter is what an observer (human being) pulls from an objectively existing
world outside (basic reality), and this consists of physically real objects that we call
“matter.”

Existence-conserving characteristic
The basic information α is the entity on which everything has to be based when we
deal with the physically real world. We experience the objects as physically real
units. α is an existing entity with an “existence-conserving” property. Concerning the
notion “existence,” we discuss this feature in more detail in Chapter 6 when we treat
the raw information α on an analytical footing within the frame of fictitious realities.

What we call “matter” can however only be the observer’s view of matter, that
is, matter is an observer-dependent notion. It is not the objectively existing world,
which we observe, but it reflects a “useful” part of it and has been selected through
evolutionary processes. This selected part depends in particular on the observer
type. The observer-independent physically real (material) objects are located in
basic reality and are not accessible to human beings and possibly also not for other
types of biological systems.

Physical reality, mind and brain
This means that the human being produces the physically real objects himself. In
this connection it is important to specify the notion “physically real”: an object can
be considered as physically real if it has constant properties in a certain environ-
ment, that is, if it behaves stationary. The adjectives “stationary” and “existence
conserving” belong together.

5.15 Summary and final remarks 285

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



Evolution moves toward a stationary state. In this connection, sensory appara-
tuses are important and are widely different for different observer types. They de-
veloped evolutionary. The sensory apparatus is in the case of human beings given
by the five senses.

Besides the sensory apparatus, within projection theory the observer’s mind
and his/her brain are needed for the perception of the world outside. What exactly
is the mind and what is the task of the brain? At this stage, we do not need the de-
tails of the units mind and brain, but their existence is required from the point of
view of projection theory. The projection principle makes definite statements about
the functionalities between mind and brain; the actions of both units relative to
each other are relevant. In this connection, projection theory makes clear state-
ments, which are discussed in this chapter but also in Chapter 4.

5.15.6 Time: more details

The effects in nanoscience are essentially quantum phenomena and are time sensi-
tive. This in particular means that a “quantum time” cannot be factored out.
However, the quantum aspect of time is missing in usual quantum theory, and this
is without any doubt a challenge for theoretical physics.

We may state quite generally that novel conditions in science require a deeper
penetration into the nature of the world. In connection with the notion “quantum
time,” we have in fact such a situation: We have obviously penetrating deeper into
the nature of time. The traditional view is not sophisticated enough.

The external time
In traditional physics, we only know one type of time. It is the time τ, which we
called “clock time.” We already quoted the famous statement by Albert Einstein:
“Time is that what we measure with a clock.” However, time is obviously more than
that: A human not only looks at the clock, but he/she has a certain “time feeling.”
The time-feeling effect is obviously not merely an illusion. However, this clock time
τ is only an “external” time and has nothing to do with the objects under investiga-
tion and can in particular not explain the time feeling.

This external time cannot be rationally explained by the conceptions of physics.
In physics, we deal with individual objects, which can be small and large. But there
is no “global unit” known for the inoculation of what we call “time” and which
equally influences everything. In other words, there is no time machine anywhere
in the universe that produces the externally defined clock time τ. Such conceptions
do not exist in traditional physics but, nevertheless, the time effect cannot be de-
nied, and the individual human beings perceive the time effect comparably. The
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often-used San Francisco metaphor (Chapter 1) is a typical example for explaining
the external clock time τ, but it reflects merely a metaphysical standpoint.

Nanoscience requires a realistic conception for the time
All that indicates that the time is not adequately treated in traditional physics. This
is particularly accentuated by the fact that there is no operator for the time in tradi-
tional quantum theory. Erwin Schrödinger tried to introduce such an operator
within the formalism of traditional quantum theory but without success [4]. Mario
Bunge underlined [77] that the role of time in the usual form of quantum theory is
not acceptable. We already discussed this point in Chapter 1 and will continue this
topic in Chapter 7.

In conclusion, a realistic consideration of time on the basis of scientific argu-
ments is necessary. For further developments in this field, Mach’s principle should
be seminal, that is, we have to go beyond the traditional form of quantum theory.

Just in connection with nanoscience, where self-organizing processes are im-
portant and which belong to the heart of this new technology, a realistic conception
for the time is required.

No doubt, a time operator is missing in traditional quantum theory and its in-
troduction on the basis of the “same” theoretical frame did not lead to the goal as
Schrödinger demonstrated. His efforts just demonstrated that drastic steps are nec-
essary. This assessment has been distinctly underlined by Marion Bunge [77]. In
fact, we cannot resign on a qualified solution of this problem when we enter the
realm of nanoscience. We obviously have to expand the theoretical frame of tradi-
tional quantum theory.

Mach’s principle
Once again, in this connection Mach’s principle should be seminal. This principle
reschedules the space–time complex at the fundamental level of physics. When we
take Mach’s principle seriously, we come to the following conception: Space and
time are not physically real entities and can therefore not responsible for physically
real effects. In accordance with the philosopher Immanuel Kant, we came to the
conclusion that space and time are elements of the human being’s mind.

Is the mind made through matter or vice versa? This and other variations with
respect to the mind-matter problem are extensively discussed in literature without
coming to a convincing result. When we start from the basic properties of space
and time, we come to a conception, which is based on only one characteristic:
Matter is projected onto space and time via the observer’s mind. All that reflects
basic physics and has primarily nothing to do with philosophy.
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5.15.7 What is the level of intervention?

As we already mentioned, Erwin Schrödinger tried to introduce the quantum time,
but without leaving the principal frame of traditional quantum theory. Thus, we have
to go a step further. We have obviously go deeper into the scientific background.

But at which level have we to intervene? In the search for the level at which the
quantum time exists, we touch the most basic features of physics. That is, we have
to recourse to the most basic form of space and time.

As we already remarked, here Mach’s principle is such a basic feature and is
therefore seminal. Mach himself did not formulate his basic ideas within a mathe-
matical frame, as is the standard way in physics. Nevertheless, his qualitative argu-
ments are easy to formulate and the following characteristics supplement our
earlier statement: Space points may not be used in isolated form and, furthermore,
they may not be used in theories without material objects.

These statements reflect fundamental truths. Space and time only fulfill Mach’s
principle if they are not “physically real.” There is in fact no possibility to “mea-
sure” isolated space points, that is, isolated space points are not provable. That
what is principally not observable does not exist as physically real element.

That was the reason why we worked with space–time structures that are “not”
physically real (Chapter 1). This is basically a drastic step and has consequences on
the entire observation procedure. But all that is a consequence of Mach’s principle,
which is underlined through the statements of Immanuel Kant.

What is the consequence? Schrödinger wanted to expand quantum theory on
the basis of the already existing frame. But this way does not work. The already ex-
isting frame is the problem. This frame is burdened with the container model in
which space and time play the role of physically real entities and this against
Mach’s principle.

However, we have to be careful. The more we penetrate into the details of na-
ture, the more we need realistic conceptions for their description, that is, we need
conceptions with increasing sophistication. That is, in such cases the basic laws
will be more and more externalized. This often means that the complete theoretical
frame has to be renewed from the very first. The use of a modified version of the
space–time is such step.

With nanoscience, we have reached the ultimate level where the properties of
usual matter and those of biological systems emerge. Thus, we need here “one”
conception for the description of “all” phenomena. In other words, instead of a va-
riety of phenomenological frames as in the realm of engineering, we need one the-
ory in nanoscience for the comprehensive coverage of all phenomena in this field
and it is obvious that at this level an adequate theory is needed.

The problem of time, recognized approximately more than 90 years ago, did
not disturb so far in practical calculations, but cannot be ignored when we enter
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the realm of nanoscience. In this situation, ideas will be underlined and new as-
pects are created.

Concerning the notion “time,” projection theory goes a step further. This theory
requires in fact the existence of a system-specific time. What is the background of
that? Let us summarize the main features: A human being has at clock time τ the
positions ri = ðxi, yi, ziÞ, i= 1, 2, . . . ,N, of N objects directly before his/her eyes. The ex-
istence of the system-specific time t is the logical consequence, which directly follows
from the existence of the compressed information with respect to the entities γ and α.
Again, here human beings are concerned; a human being has at clock time τ the
x, y, z structure directly before his/her eyes. In this way, the existence of the system-
specific time t has to be defined necessarily, but this connection is given only in qual-
itative form. A quantitative formulation is outlined in Chapter 6.

The reality-observer principle
For the observation of physically real entities in basic reality the entire block con-
sisting of “observer, tools of evolution, processing characteristic and the picture of
reality” is involved and must be applicable at “each” time τ. Therefore, procedure
(5.34) from basic reality (observer! object,process) to the picture occurs instan-
taneously, that is, without any delay. Scheme (5.34) reflects therefore “one” state.

In fact, block (5.34) reflects a mind state, and physically real (material) mecha-
nisms do not take place. In particular, space and time are not involved in the steps
within block (5.34). Clearly, the picture contains the elements x, y, z, τ but it does
not refer to the creation of the picture itself but is for the representation of the facts
in basic reality.

The entire block consisting of the four entities “observer, tools of evolution, proc-
essing characteristic and the picture of reality” belong together and act simulta-
neously. This block with these specific features defines the notion “observation.” It is
“one” unit and is not separable. None of the entities can exist without the others.

This is the reality-observation principle, which reflects a “compressed state.”
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Chapter 6
Fictitious realities

6.1 Quantum states

In the preceding chapters we treated space and time, that is, the elements x, y, z and
τ, as auxiliary entities for the representation of physically real systems (objects).
The coordinates x, y, z and the time τ, which is indicated by a usual clock, are not
physically real.

6.1.1 Other spaces

Fourier space
Within projection theory, the space–time is defined by the variables r = ðx, y, zÞ and τ.
Let us therefore denote space–time “ðr, τÞ space.” Physical reality is projected onto
ðr, τÞ space. Because space and also time are auxiliary elements, it should be possible
to “invent” other spaces on which reality can be projected. Such a space is, for exam-
ple, the so-called Fourier space (the so-called reciprocal space) having the varia-
bles k, ω with the characteristics of a wave:

k= ðkx, ky, kzÞ
kj j= 2π

λ
, ω= 2πν

(6:1)

where λ is the wavelength and ν the frequency of the wave.
Let ρðx, y, z, τÞ be the information of a classical system, which is a projection onto

ðr, τÞ space. Furthermore, let Fðkx, ky, kz,ωÞ be the projection of the same physically
real process on (k,ω) space. Then, ρðx, y, z, τÞ can be obtained from Fðkx, ky, kz,ωÞ by
the Fourier transform

ρðx, y, z, τÞ= 1

ð2πÞ3
ð∞
−∞

Fðkx, ky, kz,ωÞ exp iðk · r−ωτÞ½ � dkxdkydkz dω (6:2)

Using the inverse Fourier transformation, the determination of Fðkx, ky, kz,ωÞ from
ρðx, y, z, τÞ is possible.

For example, in the case of classical many-particle systems (e.g., see Refs. [78, 79]),
the function ρðx, y, z, τÞ is a correlation function, and the function Fðkx, ky, kz,ωÞ is
in principle accessible to measurements within the frame of scattering experiments. The
information concerning the many-particle system is completely transformed from ðk,ωÞ
space to ðr, τÞ space, and vice versa. Either the ðr, τÞ space or the ðk,ωÞ space can be
used for the description the many-particle system. Both representations are equivalent.

https://doi.org/10.1515/9783110525595-006
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In conclusion, the variables x, y, z, τ can in principle be replaced by another set
of variables. As an example we used kx, ky, kz, and ω in the description of reality;
there is a coexistence of several spaces. The measurements are performed in ðk,ωÞ
space and the intuition of the observer is adapted to the ðr, τÞ space. More details
are given in Refs. [78, 79].

6.1.2 The influence of Planck’s constant

We discussed an important point: Besides the elements x, y, z, τ other variables can
be used for the description of reality. There is a coexistence of various spaces. The
following question is relevant: To what space does a given set of variables belong?
What role are played, for example, by the momentum p with the components
px, py, pz and the energy E? Here, the ðk,ωÞ space, introduced earlier, becomes an
essential factor, just then when we go from classical physics to the quantum realm.
The following way is straightforward.

We introduce Planck’s constant �h by the well-known basic relations

p= �hk

px = �hkx, py = �hky, pz = �hkz

E = �hω
(6:3)

Because the momentum p is proportional to k and the energy E to ω, we have to
consider the momentum p and the energy E as the elements of a new space, which
we would like to denote ðp,EÞ space. This ðp,EÞ space has the characteristics of the
ðk,ωÞ space, discussed earlier.

Consequently, the ðr, τÞ space and the ðp,EÞ space are equivalent, and are con-
nected to each other by a Fourier transform. However, we have to be careful. In
connection with p = �hk, E = �hω [eq. (6.3)], the time τ can no longer be identified
with the external clock time τ of classical mechanics and traditional quantum the-
ory. It will turn out that τ becomes a real quantum variable in connection with
p = �hk, E = �hω. Therefore, we want to use the letter t instead of τ:

τ! t (6:4)

Then, instead of “ðr, τÞ space,” we get the marking ðr, tÞ space:
ðr, τÞ space ! ðr, tÞ space (6:5)

Nevertheless, the time τ will also be used in the novel quantum-theoretical descrip-
tion but is applied here as reference time and remains of course an external time
measured by our clocks. The time t is a real quantum time and describes the quantum
aspect of time, which is missing in traditional quantum theory. Thus, the quantum
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time t is a completely new variable. It should already mentioned here that t has to be
identified with the system-specific time introduced in Section 5.13.5.

Then, we have to replace in eq. (6.2) the variables k and ω by the momentum p
and the energy E using eq. (6.3); The variable τ has to be replaced by t:

ϕ ðx, y, z, tÞ= 1

�h4ð2π�hÞ3
ð∞
−∞

ϕ ðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE (6:6)

ϕ ðpx, py, pz,EÞ= 1
2π

ð∞
−∞

ϕ ðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dtdxdydz (6:7)

The two spaces, ðr, tÞ and ðp,EÞspace, are equivalent concerning their information.
Both spaces are connected to each other by a Fourier transform. That is, due to �h
the variables r, t,p,E are arranged in a quite different way than in classical mechan-
ics, where �h is not defined.

The function ϕ ðx, y, z, tÞ reflects a certain “information” in ðr, tÞ space, and the
function ϕ ðpx, py, pz,EÞ is the equivalent information in ðp,EÞ space. As argued in
Ref. [4], the determination of ϕ ðx, y, z, tÞ and ϕ ðpx, py, pz,EÞ, respectively, cannot be
done with the arguments of classical mechanics as in the case of ρðx, y, z, τÞ.

Remark
Since the momentum p and the energy E characterize physically real objects in (p,
E) space and are system-specific, also the equivalent information in (r, t) space, i.e.,
the projection, must be system-specific as well. Thus, the variables r, t must be sys-
tem-specific like the variables p, E; in particular, the time t is a system-specific
quantity and has nothing to do with the external clock time τ. Again, (p, E) space
and (r, t) space contain the same information about the physically real object.

6.1.3 Reality and its picture

Instead of ϕ ðx, y, z, tÞ and ϕ ðpx, py, pz,EÞ in the following we want to use the sym-
metrical forms for the wave function, which are expressed by

Ψðx, y, z, tÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE (6:8)

and

Ψðpx, py, pz,EÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dtdxdydz (6:9)
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Since both spaces, ðr, tÞ and ðp,EÞspace, are equivalent, the wave functions
Ψðx, y, z, tÞ and Ψðpx, py, pz,EÞ are equivalent too. They contain the same informa-
tion. Some essential properties of Ψðx, y, z, tÞ and Ψðpx, py, pz ,EÞ will be discussed
later. Furthermore, we will formulate for Ψðx, y, z, tÞ and Ψðpx, py, pz,EÞ equations
for their determination on the basis of interaction laws.

The following question arises: Why in nature is the same information repeated?
According to projection theory and Mach’s principle, physically real processes are pro-
jected onto space and time; we have the following situation (see also Figure 6.1): The
ðp,EÞ space reflects the physical reality, and this reality (i.e., its information content) is
completely projected onto ðr, tÞ space. This is consistent with the fact that we do not
measure the elements x, y, z, t, but we measure the quantities px, py, pz ,E.

Measurement means that an interaction process takes place and, on the other hand, in-
teraction means an exchange of energy and momentum. On the basis of this measured
information, pictures are formed in ðr, tÞ space, that is, we obtain the following scheme:

(p,E) − space
REALITY

(r,t) − space

PICTURE of
REALITY

Figure 6.1: We measure the quantities p and E, but never space–time points r = ðx, y, zÞ and t, that
is, the space–time elements are not accessible to empirical tests; we can only say something
about distances in connection with physically real objects (masses) and time intervals in
connection with real physical processes (see also Chapter 1). The variables p and E have to be
assigned to reality, whereas the variables x, y, z and t are the elements of the picture. In other
words, reality is not embedded in space–time, as in traditional physics, but it is projected onto the
space–time. Space and time are exclusively elements of the picture, that is, they do not appear in
reality with the variables p and E. On the other hand, this kind of reality with the variables p and E
cannot be identified with basic reality, since we cannot make statements about basic reality
(see also Ref. [4]). A picture-independent point of view is not conceivable. We have to consider
reality with the variables p and E as “fictitious reality,” which is constructed from the human
observer’s point of view on the basis of space and time. Fictitious reality describes the following
situation: The actual physically real world is embedded in basic reality, which is however not
directly accessible to human beings. Therefore, a human being needs what we named “fictitious
realty.” Fictitious realities do not say what actually “is” in basic reality, but “as if” it were so.
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reality

#
picture of reality

(6:10)

This projection scheme is close to what we have analyzed in connection with basic
reality γ and its picture, which human beings experience in everyday life (see in
particular Chapters 4 and 5).

6.1.4 What is energy?

In the preceding chapters we have stated that we cannot make any statement about
basic (absolute) reality. This is true even with respect to the variables of it. On the
other hand, the variables p,E represent what we called “fictitious reality.” The vari-
ables p,E have to be considered as abstract ideas, a product of the human’s mind,
so to speak. Thus, fictitious reality, which is embedded in ðp,EÞ space, has to be
considered as an abstract idea, that is, it cannot be identified with basic reality.

The following has to be kept in mind: The actual physically real world is em-
bedded in basic reality, which is however not directly accessible to human beings.
Therefore, a human being needs what we named “fictitious realty.” Fictitious reali-
ties do not say what actually “is” in basic reality, but “as if” it were so.

The energy E is introduced on the basis of ðr, tÞ space to which our intuition is
adapted. In fact, in the unit of energy (g × length2/time2), the units of space and time
explicitly appear. In other words, E does not occur in nature. This point has often
been discussed in literature (e.g., see Ref. [12]). In connection with energy E, a good
statement is given by Christian von Baeyer [80]:

The gradual crystallization of the concept of information during the last hundred years contrasts
sharply with the birth of the equally abstract quantity called energy in the middle of the nine-
teenth century. Then, in the brief span of 20 years, energy was invented, defined and established
as a cornerstone, first in physics, then of all science. We don’t know what energy is, any more
than we know what information is, but as a now robust scientific concept we can describe it in
precise mathematical terms, and as a commodity we can measure, market, regulate and tax it.

Concerning energy, Edgar Lüscher remarked the following (see Ref. [4] and the
references therein):

Energy is not a quantity that actually occurs in nature, but it is an abstract idea, a product of the
human mind who tries to understand nature within his/her capabilities.

Reality is characterized by the variables p and E and, on the other hand, the pic-
tures of reality are expressed in terms of the variables r and t. Both spaces are prod-
ucts of mind. We will deepen this point in Section 6.2.
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6.1.5 Existence of objects and processes between objects

Within the frame of the projection principle, there are two spaces, the ðr, tÞ space and
the ðp,EÞ space. We stated earlier that the reality is embedded in ðp,EÞ space, but it
is not the basic reality and, therefore, we named this kind of reality, which is located
in ðp,EÞ space, “fictitious reality.” Within ðr, tÞ space, there are no physically real
objects, but merely “pictures” of them in the form of geometrical positions.

There is a principal difference between the variables x, y, z, t of ðr, tÞ space and
the variables px, py, pz,E of ðp, EÞ space. This point is essential and let us discuss it
for the momentums and the energy conservation laws that exist, but not for the co-
ordinates and the time.

The importance of momentum and energy
Let us underline once again that the quantities p= ðpx, py, pzÞ and E are basic enti-
ties. Modern physics started approximately 300 years ago with Newton’s point of
view. Within Newton’s mechanics, the variables px, py, pz and E for the momentum
and the energy are well-established quantities. In fact, the variables px, py, pz and E
belong to the most relevant basic entities in physics up to the present day.

In projection theory, px, py, pz and E reflect description elements because they are
constructed on the basis of space and time, that is, on the elements x, y, z, t, which are
elements of the mind. Also px, py, pz, E and the wave function Ψðpx, py, pz,EÞ are ele-
ments of the mind.

Again, the variables px, py, pz and E are introduced via the space–time elements
x, y, z, t and this shows that the entire construction is a creation of the mind.
Nevertheless, px, py, pz and E may be treated as physically real elements and x, y, z, t
as auxiliary elements. We may treat the unit with px, py, pz and E “as if” they were
physically real entities, but they are entities of a fictitious reality, which is projected
onto space and time with x, y, z, t. The actual reality, which we named “basic real-
ity,” is principally not accessible to human beings; this point has been discussed in
the earlier chapters.

Let us repeat: The actual physically real world is embedded in basic reality, which
is, however, not directly accessible to human beings. Therefore, a human being needs
what we named “fictitious realty.” Fictitious realities do not say what actually “is” in
basic reality and what actually takes place in basic reality, but “as if” it were so. This
is a realistic standpoint and considers the fact that only a human-being-dependent re-
ality is perceivable (Chapters 4 and 5).

In conclusion, we have a (fictitious) reality, where the physically real processes
are simulated. This information is projected onto space and time and we get a picture
of this (fictitious) reality. This is the highest level, which human beings can take in
the concrete description of the world. This is a clear and realistic point of view and
we can distinguish between what is describable and observable and what not.
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The traditional view does not clearly distinguish between all that, that is, be-
tween physically real things and those that behave metaphysical. Just the never-
ending debate with respect to Mach’s principle underlines that distinctly. No doubt,
most of the laws work excellently but, from the epistemological point of view, they
are more or less recipes.

The quantities p and E substitute the raw information α that we introduced in
Chapter 4. Only α reflects directly physical reality but not p and E. Nevertheless,
p and E are reality-describing quantities and form that what we named above fic-
titious reality.

6.1.6 Conservation laws

For the momentum p and the energy E, “conservation laws” exist, which is of es-
sential relevance for the assessment of the role of ðp,EÞ space and justifies the des-
ignation fictitious reality.

The variables p= ðpx, py, pzÞ and E are not unrelated points in ðp,EÞ space. If
the values of p and E of an object (say i) are changed, the values p and E of another
object (say k) are changed simultaneously. This correlated exchange of momentum
and energy, expressed by Δp and ΔE, occurs so that the sums of p and E remain
constant. In other words, we have

pk =pi ±Δp
Ek =Ei ±ΔE
pi =pk ∓Δp
Ei =Ek ∓ΔE

(6:11)

Equations (6.11) reflect conservation laws for the momentum and the energy and they
are valid simultaneously, that is, at each time τ. This defines an “interaction process”
and, therefore, ðp, EÞ space has to be assessed as reality (fictitious reality).

It should be emphasized that an object (system) can only exist if there are ðp,EÞ
fluctuations [12], that is, an object, having properties p and E, is only able to exist if
p and E fluctuate without interruption. That is, the quantities fluctuate incessantly
with respect to p and E. That is, the objects i and k “interact.”

The conservation laws for the momentum and the energy are not only responsi-
ble for interaction processes between objects, but they are existence preserving as
well. Existence through interaction! Within projection theory, objects do not exist
without interaction [12]. All that refers of course to ðp,EÞ space.

No conservation laws in space and time
There are no conservation laws in ðr, tÞ space, that is, with respect to the coordi-
nates x, y, z and the time t. The space–time positions themselves do not fluctuate in
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the above sense. Existence-preserving effects and interactions between different
space–time points are not known in ðr, tÞ space and also not thinkable. There is no
exchange of space and time in the form of Δr and Δt pieces (see also Chapter 1).
There are no physically real processes in space and time.

Thus, ðr, tÞ space cannot be assessed as reality, but justifies the designation
“picture,” that is, we get a “picture of reality.” There is in fact no other possibility.
In this way, we come to the “reality-picture conception.”

6.1.7 Counterparts

Within projection theory, the systems are described by the wave functions Ψðx, y, z, tÞ
and Ψðpx, py, pz,EÞ. We have two equivalent descriptions, one in ðr, tÞ space and an-
other in ðp, EÞ space. The ðp,EÞ space reflects (fictitious) reality and the ðr, tÞ space is
the frame where the picture of reality is located.

The momentum and the energy of each object (system) fluctuate incessantly be-
cause the systems are only defined (existent) if their momentum and their energy
fluctuate at each time τ [12].

In other words, due to the conservation laws for the momentum and the energy,
the ðp, EÞ values fluctuate for each quantum object. In principle, such fluctuations
take place in the range −∞< px, py, pz,E <∞.

Because of these ðp,EÞ preserving fluctuations, another system is required, which
has to be considered as a “counterpart” of the system under investigation. Without
such a counterpart, the conservation laws for the momentum and the energy could not
be fulfilled. In connection with eq. (6.11), object i and object k exchange momentum
and energy in accordance with the conservation laws.

Laws (6.11) are independent on the positions of both objects; the conservation
laws must be fulfilled independent on the relative positions of object i and object k.
Object i cannot exist without the existence of object k and vice versa.

In conclusion, we need at least two systems; the conservation laws do demand
that. The ðp, EÞ fluctuations (interactions) between object i and object k lead to dis-
tance-independent correlations in ðr, tÞ space. This kind of interaction produces the
objects themselves, and a certain space–time structure for an object is created. This
kind of interaction can therefore be named “form interaction.” We showed in [12]
that also distance-dependent correlations can be introduced within the framework
of the projection principle.

6.1.8 Description of properties

Important properties can be deduced if we require certain conditions with respect
to the wave function Ψðx, y, z, tÞ and Ψðpx, py, pz,EÞ. Let us study four-dimensional
shifts within ðr, tÞ space as well as within ðp,EÞ space.
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Shifts within ðr, tÞ space
The wave function Ψðx, y, z, tÞ describes the object (system) under investigation,
which can be an atom, an electron or even a macroscopic object like a stone. We
know that the properties of an object (stone, etc.) are not changed when we move it
from one position x, y, z to another x+ xc, y+ yc, z + zc. The same is the case when we
consider the system-specific time t: The properties are not changed when we go
from t to t + tc. Therefore, let us require the following: a function Dp,E describes the
observable reality in ðp,EÞ space if it remains unchanged when we shift the position
and the time by the constant values xc, yc, zc and tc

Ψðx, y, z, tÞ ! Ψðx+ xc, y+ yc, z + zc, t + tcÞ (6:12)

The function Dp,E characterizes the appearance of the system under investigation in
ðp,EÞ space. With eq. (6.8)

Ψðx, y, z, tÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

we obtain immediately

Ψðx+ xc, y+ yc, z + zc, t + tcÞ= 1

ð2π �hÞ2 ×Ð∞
−∞

ϕðpx, py, pz,EÞ exp i
�h
ðp · r− EtÞ

� �
dpxdpydpz dE

(6:13)

where

ϕðpx, py, pz,EÞ=Ψðpx, py, pz,EÞ exp i
�h
ðp · rc − EtcÞ

� �
(6:14)

Then the function Dp,E fulfills the above required feature and is expressed by

Dp,E =ϕ*ðpx, py, pz,EÞϕðpx, py, pz,EÞ=
Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ

(6:15)

The wave functions Ψðx, y, z, tÞ and Ψðpx, py, pz, EÞ are not of relevance for observa-
tional physical process but the quantities Ψ*ðx, y, z, tÞΨðx, y, z, tÞ and Ψ*ðpx, py, pz,EÞ
Ψðpx, py, pz,EÞ.

In the case of eq. (6.13) we obtain the following scheme with shifts of the form
x+ xc, y+ yc, z + zc, t + tc:

Ψðr+ rc, t + tcÞ, t + tcÞ $ ϕðpx, py, pz,EÞ
# #

Ψ*ðr+ rc, t + tcÞΨðr+ rc, t + tcÞ, t + tcÞ $ Ψ*ðpx, py, pz,EÞΨðpx, py, pz ,EÞ
(6:16)
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where

r + rc = ðx+ xc, y+ yc, z + zcÞ (6:17)

Only “real numbers” are correlated within observations, and these real numbers
are not defined by functions like Ψ but through quantities like Ψ*Ψ. This has to be
considered in connection with eq. (6.15).

On the other hand, we have the following scheme in the case of eq. (6.8) “with-
out” the shifts x+ xc, y+ yc, z + zc, t + tc:

Ψðx, y, z, tÞ $ Ψðpx, py, pz,EÞ
# #

Ψ*ðx, y, z, tÞΨðx, y, z, tÞ $ Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ
(6:18)

Also here, only real numbers are relevant when we consider observational pro-
cesses, which are expressed through quantities like Ψ*Ψ. This has also to be consid-
ered in connection with eq. (6.16).

Note that human beings perceive in everyday life a stone or other physically
real things around them as Ψ*ðx, y, z, tÞΨðx, y, z, tÞ structure and not as wave func-
tion Ψðx, y, z, tÞ.

When we compare eq. (6.16) with eq. (6.18), we recognize that the shift of the
functions Ψ*Ψ by constant values xc, yc, zc, tc in ðr, tÞ space does not influence the
corresponding functions Ψ*Ψ in ðp,EÞ space. That is, the ðp,EÞ fluctuations, which
reflect physically real processes, are not changed when the object Ψ*Ψ in the pic-
ture is shifted.

Shifts within ðp, EÞ space
Furthermore, we may require the following: a function Dr, t describes reality in ðr, tÞ
space if it remains unchanged when both the momentum and the energy are shifted
by the constant values pxc, pyc, pzc and Ec:

Ψðpx, py, pz,EÞ ! Ψðpx + pxc, py + pyc, pz + pzc, E +EcÞ (6:19)

The function Dr, t characterizes the appearance of a physically real object system in
ðr, tÞ space.

This property is due to the fact that only fluctuations of px, py, pz and E are rele-
vant (Section 6.1.6) and not their absolute values. The wave function Ψðx, y, z, tÞ is
zero for constant values of px, py, pz and E (see also Ref. [12]).

With eq. (6.9)

Ψðpx, py, pz, EÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dtdxdydz
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we get

Ψðpx + pxc, py + pyc, pz + pzc,E +EcÞ= 1

ð2π �hÞ2 ×Ð∞
−∞

ϕ ðx, y, z, tÞ exp − i
�h ðp · r−EtÞ� �

dxdydzdt
(6:20)

with

ϕ ðx, y, z, tÞ=Ψðx, y, z, tÞ exp −
i
�h
ðpc · r−Ec tÞ

� �
. (6:21)

Then, the function Dr, t with the feature required above is expressed by

Dr, t =ϕ *ðx, y, z, tÞϕ ðx, y, z, tÞ=Ψ*ðx, y, z, tÞΨðx, y, z, tÞ . (6:22)

that is, also here not the functions Ψðx, y, z, tÞ and Ψðpx, py, pz,EÞ are of relevance
for the physically real process but the quantities Ψ*ðx, y, z, tÞΨðx, y, z, tÞ and
Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ. In analogy to eq. (6.16), we obtain the following scheme:

ϕðx, y, z, tÞ $ Ψðp+pc,E +EcÞ
# #

Ψ*ðx, y, z, tÞΨðx, y, z, tÞ $ Ψ*ðp+pc,E +EcÞΨðp+pc,E + EcÞ
(6:23)

where
p+pc = ðpx + pxc, py + pyc, pz + pzcÞ (6:24)

When we compare eq. (6.23) with eq. (6.18), we recognize that the shift of the func-
tions Ψ*Ψ through constant values pxc, pyc, pzc,Ec in ðp,EÞ space does not influence
the corresponding functions Ψ*Ψ in ðr, tÞ space. Only the relative ðp,EÞ values are
of relevance and not the absolute quantities px, py, pz,E. As we have stated in
Section 6.1.6, the ðp, EÞ values fluctuate in the course of time τ and this means “in-
teraction” with the environment. In this connection only ðp,EÞ changes occur, that
is, there are only Δp,ΔE effects. These types of processes define the form (shape) of
the objects in ðr, tÞ space, but the form itself remains preserved. These features are
reflected by scheme (6.23).

6.1.9 Instantaneous transition from reality to the picture

Because space and time are not physically real, they are entities of the mind.
Since we are caught in space and time, the starting point for the mathematical
description of fictitious reality is space and time, which are characterized by the
elements x, y, z, t. The variables, on which fictitious reality is based, have to be
constructed by means of x, y, z, t. These variables of reality are given by the mo-
mentum p= ðpx, py, pzÞ and the energy E, that is, reality is located in ðp,EÞ space.
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In fact, p and E are introduced through space and time; the unit of momentum is
g× length=time the unit of energy is g× length2=time2.

Reality is described by Ψðpx, py, pz,EÞ and the picture through Ψðx, y, z, tÞ. Both
functions are creations of the mind (a more detailed analysis is given in Section 6.2).
There exist definite connections between Ψðpx, py, pz,EÞ and Ψðx, y, z, tÞ, which are
given by eqs. (6.8) and (6.9):

Ψðx, y, z, tÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

Ψðpx, py, pz,EÞ  Ψðx, y, z, tÞ
(6:25)

and

Ψðpx, py, pz ,EÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dtdxdydz

Ψðpx, py, pz,EÞ ! Ψðx, y, z, tÞ
(6:26)

These connections (equations) are basic and necessary. Otherwise, there would be
no reality-picture principle definable.

The thinking process with respect to reality and the picture, which should not be
confused with a physically real situation, can be done on an equal footing in two direc-
tions, even when the actual information is projected from ðp, EÞ space to ðr, tÞ space.

In connection with eq. (6.26), the transition can be thought from Ψðpx, py, pz,EÞ
to Ψðx, y, z, tÞ and also from Ψðx, y, z, tÞ to Ψðpx, py, pz,EÞ when we consider eq. (6.25).
Again, these are thinking processes, which take place in the human being’s mind in
a “conscious” way. We model Ψðpx, py, pz,EÞ or Ψðx, y, z, tÞ and determine the func-
tions Ψðx, y, z, tÞ or Ψðx, y, z, tÞ with eq. (6.25) or (6.26). In both cases, a cause–effect
procedure is applied, that is, cause and effect must take place simultaneously.
Otherwise, there would be a contradiction.

The actual transition takes place “unconsciously” and corresponds to the transi-
tion from Ψðpx, py, pz,EÞ to Ψðx, y, z, tÞ and is of course also a process in mind.
Therefore, this unconscious process from reality to the pictures is also a cause–effect
procedure in the above sense, and cause and effect take place simultaneously.

Remark
The following has to be noted: In the traditional way, the cause–effect procedure is
defined with respect to two physical events: first one is the cause, the other is the effect
and both events occur successively. If the cause takes place at clock time τC and the
effect at τE, we usually have τC < τE. The effect is after the cause. In connection with
eqs. (6.25) and (6.26), the situation has to be assessed differently: it is a cause–effect
procedure, where cause and effect take place without time delay but simultaneously.
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That is, it is not causality in the classical sense: effect “after” the cause. The
procedure is in fact different from the traditional view. Within the traditional view,
there are two physically real processes, which are involved in a cause–effect procedure.
But within the frame of the projection principle, there is only one physically real process
which is projected onto space and time and leads to a picture, which describes a physi-
cally real process. The picture itself does not reflect a physically real process. Space and
time, the frame of the picture, are not permanently installed in the observer’s mind, but
they are created if there is something to represent.

6.1.10 Reality-picture connection

Equations (6.25) and (6.26) are basic relations. They connect the wave functions
Ψðx, y, z, tÞ and Ψðpx, py, pz,EÞ, and this connection is irresolvable because the rela-
tions are basic. This situation reflects a law.

Reality and its picture are tightly linked. No reality without picture and this re-
flects the purpose of the whole procedure given through eqs. (6.25) and (6.26). Let
us repeat: physically real objects are pulled from basic reality γ by the tools of evo-
lution and transfer an observer-relevant part α to the human observer’s mind, and
the mind creates the picture of reality (see Chapters 4 and 5).

Again, the purpose of this procedure is to observe reality and, therefore, reality is
not perceivable without picture. We come to the “reality-picture conception,” which
we already introduced, but not in connection with the wave functions Ψðx, y, z, tÞ and
Ψðpx, py, pz,EÞ and their couplings by eqs. (6.25) and (6.26).

We may model Ψðx, y, z, tÞ in accordance with definite principles but without
Ψðpx, py, pz,EÞ and vice versa, but such a modeling does not eliminate the basic con-
nections (6.25) and (6.26).

The discussion in Section 6.1.9 particularly showed that the reality and its pic-
ture exist simultaneously at time τ. In other words, the projection process takes
place instantaneously.

6.1.11 Probabilities

Equations (6.25) and (6.26) are not τ dependent and are valid at each time τ. There are
no τ effects in connection with these equations. There is no coupling to time τ. This
means thatΨðx, y, z, tÞ andΨðpx, py, pz,EÞ exist simultaneously. This property can be an-
alyzed further. The variables of both functions are defined in the range whereΨðx, y, z, tÞ
andΨðpx, py, pz, EÞ are different from zero. This can be expressed in general form by

Ψðx, y, z, tÞ, −∞< x, y, z, t <∞ (6:27)
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Ψðpx, py, pz,EÞ, −∞< px, py, pz,E <∞ (6:28)

The sets of variables x, y, z, t and px, py, pz,E are “defined” at each time τ, all at once.
However, they do not “exist” all at once. The variables “can” exist at each time τ.
However, it is not imaginable that all possible values x, y, z, t, expressed by
Ψðx, y, z, tÞ, are simultaneously existent at clock time τ. It is also not imaginable
that all possible values px, py, pz, E, expressed by Ψðpx, py, pz,EÞ, are simulta-
neously existent at τ. The x, y, z, t details and the px, py, pz,E details would get lost
in the case of an all-at-once existence. The description in terms of the variables
x, y, z, t and px, py, pz, E would be eliminated.

In other words, the variables “can” exist at each time τ, but they do not exist at
each time τ. This situation defines “probability.” We get back to this point in the
next section.

6.1.12 The interpretation of the wave functions

The basic information about a system are the wave functions Ψðx, y, z, tÞ and
Ψðpx, py, pz,EÞ, which are representations in ðr, tÞ space and ðp,EÞ space. The basic
quantities Ψðx, y, z, tÞ and Ψðpx, py, pz,EÞ are completely equivalent concerning
their physical content.

No deterministic behavior
Both functions are not independent of each other, which is expressed by the Fourier
transforms (6.8) and (6.9). However, the quantities Ψ*ðx, y, z, tÞΨðx, y, z, tÞ and
Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ are more suitable to interpret the role of the variables
x, y, z, t and px, py, pz,E, and this is because these quantities fulfill certain natural con-
ditions (Section 6.1.8), which are obviously also valid at the macroscopic level.

Deterministic laws for the variables

x= xðτÞ, y= yðτÞ, z = zðτÞ, t = tðτÞ,
px = pxðτÞ, py = pyðτÞ, pz = pzðτÞ, E =EðτÞ (6:29)

cannot be formulated; trajectories are not defined. It is relatively easy to verify that
if eqs. (6.8) and (6.9) are valid simultaneously. The clock time τ is not concerned
and goes also here strictly from the past to the future; the time τ has primarily noth-
ing to do with the physically real objects.

In other words, there is no longer a physical law that tells us when and how
and where a “particle” moves. This behavior means that the variables x, y, z, t and
px, py, pz, E must behave “statistically.” There is no alternative. In other words, the
elements x, y, z, t and px, py, pz,E are statistical variables and we have to find a de-
scription for the corresponding probabilities.

6.1 Quantum states 303

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



What quantities are relevant here? We have outlined in Section 6.1.8 that the
functions Ψ*ðpx, py, pz,EÞΨðpx, py, pz ,EÞ and Ψ*ðx, y, z, tÞΨðx, y, z, tÞ are responsible
for the appearances (observations) in both spaces [ðp,EÞ space and ðr, tÞ space].
These quantities fulfill certain natural conditions. On the other hand, the variables
x, y, z, t and px, py, pz, E behave statistically.

In conclusion, for the description of physically real objects (systems) two points
are obviously in the center:
1. There is a statistical behavior of the variables x, y, z, t in ðr, tÞ space, and there is

a statistical behavior of the variables px, py, pz, E in ðp,EÞ space as well.
2. The description should be done in both spaces on the basis of the functions

Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ and Ψ*ðx, y, z, tÞΨðx, y, z, tÞ.

The statistical behavior refers to the variables x, y, z, t for which the wave function
Ψðx, y, z, tÞ is not zero. Furthermore, the statistical behavior also refers to the varia-
bles px, py, pz,E for which the wave function Ψðpx, py, pz,EÞ is not zero. However, sta-
tistical behavior means that there are frequency rates for each of the variables.
Frequency rates are represented by real numbers and the functions Ψðx, y, z, tÞ and
Ψðpx, py, pz,EÞ are not real functions in the mathematical sense but consist of a real
and an imaginary part.

We recognized in Section 6.1.8 that the functions Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ
and Ψ*ðx, y, z, tÞΨðx, y, z, tÞ fulfill relevant observational conditions, and statistical
frequency rates belong to the category of observational quantities. Moreover, the
functions Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ and Ψ*ðx, y, z, tÞΨðx, y, z, tÞ are real functions
in the mathematical sense. This is important in this connection.

6.1.13 Probability distributions

At clock time τ we have one value for each of the coordinates x, y, z and one value
for the system-specific time t:

τ : x, y, z, t (6:30)

At time τ we have also one value for each of the momentums px, py, pz and one
value for the energy E:

τ : px, py, pz,E (6:31)

Once again, all the variables behave statistically, that is, we can principally nothing
say about definite values x′, y′, z′, t′ and p′x, p′y, p′z,E′ at time τ'. However, due to
eqs. (6.8) and (6.9), the variables x, y, z, t of ðr, tÞ space are completely equivalent to
the variables px, py, pz of ðp,EÞ space.
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Thus, if there is a probability distribution for x, y, z, t there must also be a proba-
bility distribution for px, py, pz,E. In other words, at time τ we measure one of the
possible sets x, y, z, t of the x, y, z, t structure and, simultaneously, one of the possi-
ble sets px, py, pz,E of the px, py, pz,E structure. But how are the probability distribu-
tions in ðr, tÞ space and in ðp,EÞ space determined? What are the physical laws?
Here the functions Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ and Ψ*ðx, y, z, tÞΨðx, y, z, tÞ with
their suitable properties come into play.

If the functions Ψ*ðx, y, z, tÞΨðx, y, z, tÞ andΨ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ are prob-
ability densities for the determination of the variables, that is, for x, y, z, t and
px, py, pz, E, the following arguments should be valid: The sum (integral) over the
functions Ψ*ðx, y, z, tÞΨðx, y, z, tÞ expresses the peculiarity that one set x, y, z, t of the
possible x, y, z, t sets is given with “certainty,” which is reflected by the value Sr, t
defined by

ð∞
−∞

Ψ*ðx, y, z, tÞΨðx, y, z, tÞdxdydzdt = Sr, t (6:32)

This refers to the situation of ðr, tÞ space.
Exactly, the same arguments must hold for ðp,EÞ space: the sum (integral) over

the functions Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ expresses the peculiarity that one set
px, py, pz, E of the possible px, py, pz ,E sets is given with “certainty,” which is re-
flected by the value Sp, E defined by

ð∞
−∞

Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞdpxdpydpzdE = Sp,E (6:33)

At time τ there is one event in ðr, tÞ space and, simultaneously, there is one event in
ðp,EÞ space. This is in accordance with the reality-picture conception. Thus, we
must have

Sr, t = Sp,E (6:34)

If the functions Ψ*ðx, y, z, tÞΨðx, y, z, tÞ and Ψ*ðpx, py, pz, EÞΨðpx, py, pz, EÞ fulfill
eq. (6.34), we may state that these functions are probability densities.

In fact, we get with eqs. (6.8) and (6.9) the following relationship:

ð∞
−∞

Ψ*ðx, y, z, tÞΨðx, y, z, tÞ dxdydzdt =

ð∞
−∞

Ψ* ðpx, py, pz,EÞΨðpx, py, pz,EÞ dpxdpydpzdE
(6:35)
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Furthermore, if we set

ð∞
−∞

Ψ*ðx, y, z, tÞΨðx, y, z, tÞdxdydzdt = 1 (6:36)

we immediately get

ð∞
−∞

Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞdpxdpydpzdE = 1 (6:37)

The probability dWr, t of an event that occurs in the space–time region dxdydzdt of
ðr, tÞ space is given by

dWr, t = Ψ*ðx, y, z, tÞΨðx, y, z, tÞdxdydzdt (6:38)

On the other hand, the probability dWp,E of an event that occurs in the momentum–
energy region dpxdpydpzdE of ðp, EÞ space is given by

dWp,E = Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞdpxdpydpzdE (6:39)

From our considerations, in the preceding sections a statistical event in ðp, EÞ space
and a statistical event in ðr, tÞ space are described by the probability densities
Ψ*ðx, y, z, tÞΨðx, y, z, tÞ and Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ and occur simultaneously.

6.1.14 Connections

The functions Ψ*ðx, y, z, tÞΨðx, y, z, tÞ and Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ fulfill specific
properties and have therefore to be identified with probability densities for the vari-
ables x, y, z, t of (r,t) space and for the variables px, py, pz,E of ðp,EÞ space.

Within the frame of the projection principle theoretical picture given here,
physically real objects are never located in ðr, tÞ space. Thus, it is not possible to
interpret the quantity Ψ*ðx, y, z, tÞΨðx, y, z, tÞ as a probability distribution of finding
a physically real object in the intervals

x, x+dx

y, y+dy

z, z +dz

t, t +dt

(6:40)

This contradicts, of course, Born’s statistical interpretation of the wave function [12].
Clearly, in those cases, where Ψ*ðx, y, z, tÞΨðx, y, z, tÞ has sharp peaks, we can define
objects in ðr, tÞ space although the material object is not embedded here, but
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exclusively in ðp,EÞ space. However, such an object definition is based on Ψðx, y, z, tÞ
and is not used for the interpretation of Ψðx, y, z, tÞ as within Born’s statistical inter-
pretation of the wave function.

When there are no physically real objects in ðr, tÞ space, the following question
arises: of what is Ψ*ðx, y, z, tÞΨðx, y, z, tÞ the probability density? Of course, it is the
probability distribution for the variables x, y, z, t.

The measurement of the variables x, y, z, t is only possible in connection with
physically real objects and processes. However, within projection theory such ob-
jects and processes are embedded in (p, E) space, that is, real objects and physically
real processes are described by the variables px, py, pz,E.

Thus, in order to answer the above question (of what is Ψ*ðx, y, z, tÞΨðx, y, z, tÞ
the probability density?) we have to use eq. (6.8). Accordingly, Ψðx, y, z, tÞ is
determined at location x, y, z, t in space–time by all possible values px, py, pz and
E (−∞< px, py, pz, E <∞), which are given with the probability density Ψ*ðpx, py, pz,EÞ
Ψðpx, py, pz,EÞ. Therefore, Ψ*ðx, y, z, tÞΨðx, y, z, tÞ can only be interpreted in connection
with the variables px, py, pz and E. There is in fact no other way. We may analyze the
situation with respect to ðr, tÞ space and with respect to ðp,EÞ space. Both views are
equivalent with the frame of the reality-picture conception, which is based on eqs.
(6.8) and (6.9).

1. (r, t) space
“One of the possible values for px, py, pz and for E is present in the intervals x, x+dx;
y, y+dy; z, z + dz and t, t +dt with a probability, which is proportional to the proba-
bility density Ψ*ðx, y, z, tÞΨðx, y, z, tÞ.”

But also eq. (6.9), which is equivalent to eq. (6.8), can be read in a similar
way Then, Ψðpx, py, pz,EÞ is determined at location px, py, pz,E of ðp,EÞ space by
all possible values x, y, z and t ( −∞< x, y, z, t <∞) which are given with the
probability density Ψ*ðx, y, z, tÞΨðx, y, z, tÞ. In this way, the probability density
Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ in ðp,EÞ space is interpreted in terms of the varia-
bles x, y, z, t. This equivalent way, based on (6.9), is a direct consequence that
follows from the reality-picture conception. We get the following connection:

2. (p, t) space
“One of the possible values for x, y, z and for t is present in the momentum-energy
intervals px, px +dpx; py, py +dpy; pz, pz + dpz and E,E +dE with a probability, which
is proportional to the probability density Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ.”

These combined views in ðr, tÞ space and ðp,EÞ space confirm that there is one
x, y, z, t event at clock time τ and, simultaneously, one px, py, pz,E event. Both events
are directly based on the fundament eqs (6.8) and (6.9) and are also based on the
fact that both spaces, ðr, tÞ and ðp, EÞ− , are equivalent.

Human beings are caught in space and time and, therefore, measurements ex-
clusively take place in ðr, tÞ space. Only the momentums px, py, pz and the energy E,
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which are the variables of (fictitious) reality, are accessible to physically real effects
but not the space–time elements x, y, z, t. This situation defines a measurement,
which are exclusively done in ðr, tÞ space:

“The measurement of one of the possible values for px, py, pz and for E is done
in the space–time intervals x+ dx, y+dy, z + dz and t,t + dt with the probability den-
sity Ψ*ðx, y, z, tÞΨðx, y, z, tÞ.”

This in fact reflects the reality-picture conception. Reality [located in ðp, EÞ
space] is projected onto (r, t) space and the human being gets the picture of reality.
The following should be underlined: in reality, there are ðp,EÞ fluctuations and
there is an exchange of Δp,ΔE pieces (Section 6.1.6). There are also r, t fluctuations,
but there is no exchange of Δr,Δt pieces.

6.1.15 Detections

Assignments
The Fourier integral (6.8) can be read as follows: each single x, y, z, t state of ðr, tÞ
space is created through all px, py, pz,E states of ðp,EÞ space. This feature can be ex-
pressed by

Ψðx, y, z, tÞ ( fΨðpx, py, pz,EÞ, −∞< px, py, pz,E <∞g (6:41)

One x, y, z, t event in ðr, tÞ space takes place with a definite probability defined by
the probability density Ψ*ðx, y, z, tÞΨðx, y, z, tÞ. But there is simultaneously one of the
possible px, py, pz,E events in ðp,EÞ space that is realized with certainty. This state-
ment can be read from the Fourier transform (6.8).

On the other hand, the inverse Fourier integral (6.9) can be read in a similar
way: each single px, py, pz, E state of ðp,EÞ space is created through all x, y, z, t states
of ðr, tÞ space. In analogy to eq. (6.41), this feature is formulated by

Ψðpx, py, pz,EÞ ( fΨðx, y, z, tÞ, −∞< x, y, z, t <∞g (6:42)

The inverse case, based on eq. (6.9), is defined as follows: one px, py, pz,E event in
ðp,EÞ space takes place with a definite probability defined by the probability den-
sity Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ. But there is simultaneously one of the possible
x, y, z, t events that is realized with certainty in ðr, tÞ space.

These combined views in ðr, tÞ space and ðp,EÞ space underline that there is “one”
x, y, z, t event and, simultaneously, “one” px, py, pz, E event. Both events are directly
based on the fundament eqs (6.8) and (6.9) [schemes (6.41) and (6.42)] and are essen-
tially based on the fact that both spaces, ðr, tÞ space and ðp, EÞ space, are equivalent.

In conclusion, there is an ensemble of x, y, z, t probabilities and there is simulta-
neously an ensemble of px, py, pz,E probabilities. A detector for the registration of
quantum states must be adapted and constructed with respect to such a situation.

308 Chapter 6 Fictitious realities

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



Simultaneous registrations
At clock time τ, all physically real objects (systems) exist in ðr, tÞ space and, simul-
taneously in ðp,EÞ space. These objects are characterized in ðr, tÞ space by the wave
function Ψðx, y, z, tÞ and the probability density Ψ*ðx, y, z, tÞΨðx, y, z, tÞ. In ðp,EÞ space
they are described by the corresponding quantities, expressed by Ψðpx, py, pz,EÞ and
Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ.

In other words, the quantum states exist in ðr, tÞ space and simultaneously in
ðp,EÞ space. For the detection of these quantum states, we need measuring instru-
ments with specific properties. We need detectors, which also exist simultaneously
in ðr, tÞ space and ðp,EÞ space. Both detector versions are connected through a
Fourier transform, as in the case of the physically real objects (systems).

The detectors must have specific properties: They must have the ability to detect
in ðr, tÞ space all quantum states x, y, z, t of the system under investigation for
which the probability density Ψ*ðx, y, z, tÞΨðx, y, z, tÞ is not zero. They must also
have, simultaneously, the ability to detect in ðp,EÞ space all quantum states
px, py, pz, E of the same physically real system for which the probability density
Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ is not zero.

How such detectors can be constructed is at first an open question, but they
must fulfill the properties just quoted. These properties are dictated by the basic
principles of the projection principle.

At clock time τ, the detector measures in ðr, tÞ space one of the x, y, z, t states with
a certain probability, which is expressed by the probability density Ψ*ðx, y, z, tÞ
Ψðx, y, z, tÞ, and the detector measures, simultaneously, one of the possible px, py, pz,E
states also with a certain probability, which is proportional to the probability density
Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ.

Conclusion
Human beings are caught in space and time and do the measurements exclusively
in ðr, tÞ space. In ðr, tÞ space, the detector indicates at the space–time position
x, y, z, t changes of its geometrical structure caused by px, py, pz and E in ðp, EÞ
space. The geometrical structure changes are the result of an interaction of the de-
tector with the object in ðp, EÞ space, which comes into existence through an ex-
change of momentum and energy Δp and ΔE. The entire scenario is projected onto
ðr, tÞ space by means of a Fourier transform.

6.2 Dialogue with nature

How can we connect the wave functions Ψðx, y, z, tÞ and Ψðpx, py, pz,EÞ, analyzed in
Section 6.1, with what we defined as basic reality γ and its pulled part α? The enti-
ties γ and α have been introduced and discussed in Chapters 4 and 5. In particular,
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for human beings the species-dependent part α is relevant. Only the quantity α re-
flect that what is accessible for human beings with their sensory apparatus and the
developed measuring instruments. Human beings know only a little about the tools
of evolution, which pull the relevant part α from γ.

6.2.1 Caught in space and time

In order to be able to answer the above question with respect to the relation be-
tween the functions Ψðx, y, z, tÞ and Ψðpx, py, pz ,EÞ and the basic entities γ and α, we
have to recourse to the very basics of the projection principle. However, we have to
underline already here that this connection, which we want to express by

Ψðx, y, z, tÞ,Ψðpx, py, pz, EÞ $ γ, α. (6:43)

can in principle only be explained in a qualitative way. Relation (6.43) reflects a
“dialogue with nature.” Let us discuss the situation in this section.

What does the notion “nature” mean within projection theory? Nature is what a
human being experiences without individual conceptions. These are the most direct
impressions about the world outside. Within the projection theory, these direct im-
pressions are expressed through the picture of physically real objects, which are lo-
cated in basic reality γ (see in particular Chapters 4 and 5). Then the picture itself can
be defined as nature. The picture is unconsciously created by the human being’s
mind. Why unconsciously? What does it mean?

All what we experience and do on the basis of our five senses and what is regis-
tered by measuring instruments are events in space and time and are exclusively
represented in the picture. That is, the picture of reality (nature) is exclusively a
pattern represented in space and time. Human beings are caught in space and time.

Human beings have the impression that everything is embedded in space and
time, but this is a fallacy as we have outlined in the earlier chapters. Nevertheless, the
actions and also the thinking with respect to physically real entities are in fact re-
stricted to space and time. This justifies to use the notion “nature” for the picture of
reality.

6.2.2 The unconscious way

But how come all these impressions into existence and why unconsciously? As we
have stated several times, space and time do not belong to the class of physically
real objects. Thus, space and time are exclusively entities of the picture and do
not belong to basic reality γ and of course also the information α. Once again, α is
pulled from γ with the tools of evolution and is transferred to the human being’s mind.
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γ and α are located outside space and time. More details are given in Chapters 4
and 5.

The following is here essential: since human beings are caught in space and
time, human beings have no direct access to γ and α, and this is because γ and α are
located outside space and time. Thus, the theoretical description of γ and α requires
representations “without space and time.” For the mathematical description of γ and
α “without space and time,” we therefore need other characteristic variables, but we
do not know them and even do not know a way to find them, which is because
human beings are caught in space and time. Such variables simply do not exist.

The steps from basic reality to the picture cannot be described theoretically
and, therefore, we cannot understand the steps from γ to the space–time picture.
We know that all these steps exist within the frame of the projection principle, that
is, we know the steps from γ to the space–time picture but not the analytical
details.

The way from α, which is the human-relevant part of γ, to the picture is done
through the human being’s mind but, as we outlined, this way is theoretically not
accessible. However, the real world goes this way. Both points are only in accor-
dance with each other if the mind processes “unconsciously.” In other words, we
recognize nature through a space–time picture. The picture itself is an unconscious
creation of the human being’s mind. The situation is summarized in the following
scheme:

α �!
mind

ðunconscious transitonÞ
picture in space and time (6:44)

Scheme (6.44) reflects an important feature, which we would like to discuss in the
next section.

6.2.3 The automatic execution of information

We know that γ exists but we cannot express its features with the means of theoreti-
cal physics. The features of the entity γ can only be formulated in terms of a picture
in space and time. However, from the picture it is not directly possible to draw con-
clusions on the objects in basic reality γ.

The intuition of human beings is not sensitive to physically real entities without
the presence of space and time. Thus, a human being cannot develop conceptions
(ideas) for what is outside space and time. However, without ideas no plans for con-
scious actions are possible.

From all that follows that the functionalities of γ and α can merely be expressed
within a “qualitative frame.” The detailed functionality of the tools of evolution
is unknown as well. The mind processes the physically real information α but it
can only do that in an “unconscious” way because a conscious way would need a
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certain kind of thinking that is usually based on an information, which is given, in
the case of physically real facts, in analytical form.

A conscious processing of α has to be excluded. Such a conscious processing
would take place in the human being’s mind, and we would need a theoretical con-
ception for the creation of space and time in the mind; space and time are needed
for the representation of the physically real facts in the picture of reality.

The reason why the transition from the entities γ and α to the picture is per-
formed in an unconscious way is the fact that a human is principally not be able to
analyze the situation. We simply do not know the structures (details) of γ and α;
therefore, we cannot understand the transition from the entities γ and α to the picture
of reality. Therefore, that what we do not understand cannot be theoretically de-
scribed. In other words, the situation is not analyzable for human beings. We have in
particular no theoretical conception for the creation of space and time within the
mind; we do not know the mechanism how space and time come into existence.

However, the transition exists, that is, the real world actually goes this way.
The real world is not caught in space and time. The conscious way is obviously ex-
cluded on principle. This situation obviously reflects a principle. But it does allow
to do that in an unconscious way. The automatic execution is more reliable and is
not dependent on individual intentions. Thus, we may state that the mind has the
ability to act in an unconscious way.

For an optimal living, the members of a species need the same preconditions
that are required for all. Then, human beings are able to relate their actions optimal
to each other. Optimal actions are obviously necessary for an effective living and,
in particular, for survival, at least in the early phase of evolution. The same precon-
ditions, that is, in this case the same impression of the physically real world before
the eyes, are an essential point. This is guaranteed through an automatic (uncon-
scious) execution.

In Chapter 1, we discussed this topic in connection with members of another
species. We recognized that the picture of reality of a turkey is obviously quite dif-
ferent from that of a human being. This situation led to a disaster.

6.2.4 The conscious way

We recognize the world outside as a space–time picture before our eyes, which
comes into existence in an “unconscious way.” All human beings equally experience
the physically real objects around us in this unconscious way. Such space–time pic-
tures are the basis for actions. However, we merely recognize the objects and their
relative distances to each other, but not their properties and features. What physical
laws are behind the space–time structures of these pictures? Why are they not re-
vealed by the picture? Such kind of statements are not directly possible on the basis
of the observed picture alone. It is not directly possible to draw any conclusion on
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the objects in basic reality γ. The “unconscious” way is not open for such kind of
analysis. We have to go the “conscious” way with adequate methods. How is such a
conscious way organized?

We are caught in space and time. Therefore, the starting point for the “con-
scious way” must be given through the elements of space and time. Before we ana-
lyze the situation, let us still summarize the main items on which the conscious
(intellectual) way is based.

Summary of the main items
Space and time have to be considered as the basis of physics. However, the coordi-
nates and the time elements are not accessible to measurements. Space and time
have not the ability to interact, also not with the sensory apparatus of human
beings. Thus, space and time are not observable, but we experience them. Space
and time do not exist in physically real form in the world outside and, simulta-
neously, in the picture as entities that are not physically real. The evolution would
not have chosen such space–time elements independently from each other, but
with exactly the same features. This is in fact a rather artificial conception and has
to be excluded.

Thus, space and time cannot be considered as physically real entities like mat-
ter. This must have consequences: in the physically real world outside there can be
no entities that are not physically real. This means there can be no space in the
world outside and also no time.

The projection principle incorporates this feature. We have a reality (the world
outside) without space and time, but the reality is projected onto space and time.
Since human beings are caught in space and time, they are not able to describe the
material reality outside. We simply do not know the variables that we need for the
formulation of the physical laws in its most basic form. Furthermore, it is not imag-
inable to perform experiments outside of space and time. This means that we are
not able to experience and to describe what we call “basic reality.” The details are
simply not accessible to human beings

On the other hand, we experience the picture of reality, that is, the projection
of reality onto space and time. That is, we know that there is a physically real world
outside and we also know that there must be a way, a procedure, to go from basic
reality to the picture. But this way remains hidden, and the entire procedure from
reality to the picture can only be described “qualitatively” in an unconscious way.

We analyzed the situation in Chapter 4 and argued quite generally that the in-
formation about the physically real objects is pulled from basic reality γ by the tools
of evolution and is transferred to the observer’s mind, which we called α. The enti-
ties γ and α do not exist in mathematical form but in the form of raw data, which
are processed by the mind, and this procedure leads to a picture in space and time,
where space and time themselves are creations of the mind (in accordance with the

6.2 Dialogue with nature 313

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



view of Immanuel Kant). Since we are not able to formulate all that by means of
mathematical tools, the procedure reflects a strict “qualitative view” and is achieved
in an unconscious way.

The pictures of reality come into existence without knowing how they come
into existence. We do not know the creation laws. Therefore, we cannot directly
read the properties of physically real systems from the space–time picture. They are
located in basic reality, but are represented in the space–time picture. We have
principally no idea (possibility) how the information about the systems, and also
the human being’s specific part α is expressed in the real world outside.

6.2.5 Fictitious realities and basic reality

We cannot describe the basic information α and a projection of the physically real
properties onto space and time is therefore not possible in a conscious way, and
this is because a conscious formulation for α is not possible. We have therefore in-
troduce the so-called fictitious realities having the feature to be ascertainable math-
ematically and can be projected onto space and time.

Let us briefly underline what we have stated in Section 6.1. The actual physi-
cally real world is embedded in “basic reality,” which is however not directly ac-
cessible to human beings. Therefore, a human being needs what we named
“fictitious realty.” Fictitious realities do not say what actually “is” in basic reality,
but “as if” it were so.

Development of physical realities and the dialogue with nature
Only via fictitious realities, a human being is able to find out what the “uncon-
sciously” created space–time picture (nature) contains with respect to the physi-
cally real situation in the world outside? There is basically only one possibility: the
human being develops “consciously” a theoretical conception (a fictitious reality)
for the analysis of the unconsciously produced space–time picture. It is the aim to
reproduce the observed space–time pictures, which we called nature, by means of
theoretical space–time pictures. Both versions of the picture are then compared,
and the conception, on which the theoretical picture is based, reflects the physics
of the observed picture. It is a “dialogue with nature,” so to speak.

This way (dialogue with nature) is throughout applied in traditional physics
[5]. Also in traditional physics, there is basically only one possibility: the human
being creates a physical conception of the system under investigation (or the
world outside) by thinking and this gives rise to questions, that is, questions that
are put to nature itself: that is to say the human being carries out specific experi-
ments, and the deflection of the pointer on the measuring device is the answer to
our questions. If the theory describes the experiments sufficiently well, we may
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conclude that the elements of this theoretical conception reflect the properties of
the system or even the structure of the world outside.

Exactly the same is done within projection theory. The only difference here is
the notion “nature.” It is defined more specifically within the frame of the projec-
tion principle.

The general principle
What is the general principle? The way is to develop first fictitious realities on the
basis of the general principles of the space–time elements x, y, z, t. These are the
basic variables on which human beings are adapted. The elements r= ðx, y, zÞ, t
form the so-called ðr, tÞ space.

Like the information α, fictitious reality is assumed to be able to create the physi-
cally real objects in basic reality. The situation in connection with α and fictitious re-
ality is shown in Figure 6.2. In the next step, the structure of fictitious reality has to
be formulated mathematically in order to make a statement about the information α,
which reflects the system (object) under investigation. This is the conscious way; the
transition from α to the observed space–time picture is the unconscious way and re-
flect what we defined above as nature.

α

Observed picture
in space and time

Fictitious reality

Space and time

MindMind

UNCONSCIOUS WAY CONSCIOUS WAY

Figure 6.2: A human being needs physical information in order to learn something about the world
outside. Here the species-dependent entity α is relevant, which is located in the mind of the human
being. The transition of physically real information from basic reality to the mind is mastered
through the tools of evolution. The entity α is “unconsciously” processed within the mind of the
observing human being. In this way, a picture in space and time is unconsciously produced,
whereby space and time are produced unconsciously as well and belong to the mind-processing
procedure. As we outlined several times, the physically real information α may not contain space
and time. Since human beings are caught in space and time, it is therefore not possible to
describe α. Thus, we have to recourse to another way for the understanding of the unconsciously
produced space–time picture. This is the “conscious” way. The starting point is here the
space–time itself, and the elements of space and time are used to create fictitious realities,
which describe the physically real world in close connection to α.
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The variables of fictitious reality
In order to understand the relationships in the observed space–time picture, we
need a mathematical formulation of the raw data α, but this is not possible in a di-
rect way. As we have outlined earlier and in Figure 6.2, this is only possible on the
basis of fictitious realities. The variables, which belong to a fictitious reality, are the
momentum p= ðpx, py, pzÞ and the energy E. Human beings are caught in space and
time and, therefore, the variables x, y, z, t are the starting point for the construction
of the variables for fictitious reality, that is, for px, py, pz and E.

Already in Newton’s mechanics, the momentum px, py, pz and the energy E are
essential quantities for the characterization of physically real objects. We would like
to assume that also within the frame of the projection principle, the quantities
px, py, pz and E reflect adequately the properties of physically real objects (systems).
We particularly assume that such a description of physically real objects is close to
the corresponding characterization through the basic information α. This is of course
an analogy consideration. Since α reflects physically real features, also the definition
for the mathematical expression must reflect physically real features. We have of
course criteria to check that; here the “dialogue with nature” is seminal.

Direct comparisons: Possibilities for checking
For the understanding of the structures in the space–time pictures, we need mathe-
matical formulations for the adequate description of the systems and the processes,
which are represented through the picture. The mathematical descriptions, devel-
oped by physicists, contain specific principles that, in the opinion of the physicist,
actually take place.

The mathematical formulation is necessary to base the considerations on a real-
ity, which has however to be seen as a “fictitious realty” since the actual reality
(basic reality) remains hidden. That is, the fictitious reality creates also a picture of
reality in space and time [ðr, tÞ space]. The structures within this “theoretical”
space–time picture, indicated here by x, y, z, τ½ �theory, are then compared with the
“observed” space–time picture x, y, z, τ½ �observation, produced in an unconscious way
discussed earlier. If the structures within both pictures are close together, that is, if

x, y, z, τ½ �observation = x, y, z, τ½ �theory (6:45)

we may conclude that the model for the description of basic reality, expressed within
the frame of a fictitious reality, is characteristic for the system under investigation.

Since we are caught in space and time, the starting point for the mathematical de-
scription of what we called “fictitious reality” is space and time. Using the elements
x, y, z, t, the variables, on which fictitious reality is based, have to be constructed. As
we already stated, these variables are given by the momentum p= ðpx, py, pzÞ and the
energy E, that is, fictitious reality is characterized by ðp,EÞ space. In fact, px, py, pz,E
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and E are introduced through space and time; the unit of momentum is g× length=
time the unit of energy is g× length2=time2.

The physical properties of the system are expressed by the wave function
Ψðpx, py, pz,EÞ. This information is projected onto ðr, tÞ space and we obtain the
wave function Ψðx, y, z, tÞ. The function Ψðpx, py, pz,EÞ describes (fictitious) reality
and Ψðx, y, z, tÞ its picture. Ψðpx, py, pz,EÞ corresponds to α and is a substitute for α:

α  Ψðpx, py, pz,EÞ (6:46)

On the other hand, the wave function Ψðx, y, z, tÞ describes the theoretical picture
x, y, z, t = τ½ �theory. The situation is illustrated in Figure 6.3.

We face the unconscious way, that is, the transition from basic reality γ to the
observed space–time picture, with the conscious way, which is based on theoret-
ical considerations in connection with the wave functions Ψðpx, py, pz,EÞ and
Ψðx, y, z, tÞ.

The entire conception, developed in Section 6.1, contains the projection prin-
ciple in analytical form. The principles behind this conception can also be formu-
lated as follows: on the basis of space and time, that is, on the elements x, y, z, t,
we have found a new set of variables [p,E with p= ðpx, py, pzÞ] for the description
of the features of fictitious reality, and fictitious reality is a substitute for the raw

[(x, y, z, τ)  picture]OBS [(x, y, z, τ)  picture]TH Ψ(x, y, z, t)

Ψ(px, py, pz, E ) px, py, pz, E

x, y, z, t

γ

α

↓

UNCONSCIOUS WAY CONSCIOUS WAY

mind mind mind↓ ↑↓

←

⇔ ⇐ ←

Figure 6.3: The situation in connection with fictitious realities (Figure 6.2) is described in more
detail. The unconscious creation of the observed space–time structure, expressed by
ðx, y, z, τÞ picture½ �OBS, is explained by the consciously created theoretical space–time structure of
the physically real system under investigation; it is indicated by ðx, y, z, τÞ picture½ �TH. This
consciously created picture is constructed by means of a fictitious reality described by the wave
function Ψðpx ,py ,pz, EÞ in ðp, EÞ space. The information is projected onto ðr, tÞ space and we obtain
the function Ψðx, y, z, tÞ through a Fourier transform. Ψðx, y, z, tÞ directly leads to the theoretical
picture of reality expressed as ðx, y, z, τÞ picture½ �TH. If the observed picture is close to the
theoretical picture, the model for Ψðpx ,py ,pz, EÞ can be considered as realistic and describes the
physically real information α adequately. The starting point for this development is the conscious
construction of the variables px ,py ,pz , E for the description of fictitious reality through the set
x, y, z, t of space and time to which human beings are adapted.

6.2 Dialogue with nature 317

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



information α. In other words, within the conscious way we used in Section 6.1 as
a starting point of our consideration the space–time elements x, y, z, t for the “con-
scious” formulation of the variables px, py, pz, E, which allow to express the proper-
ties of fictitious reality. We have

px, py, pz,E �
conscious action

of the mind x, y, z, t (6:47)

In contrast to eq. (6.44), scheme (6.47) reflects a conscious action of the human
being’s mind.

6.3 Operators

The “picture of reality” is connected to “reality.” We experience the world in ðr, tÞ
space and exclusively perform our measurements in ðr, tÞ space. In other words,
due to the connection between the “picture of reality” and “reality,” we are able to
observe the properties of the world in ðr, tÞ space. This mutual dependence of the
variables r, t,p and E can be expressed by the relation hðr, t,p,EÞ=0.

However, due to the equivalence of ðr, tÞ space and ðp,EÞ space, it makes only
sense to express the properties of physically real objects in one of the both spaces,
either we work in ðr, tÞ space or in ðp,EÞ space. Then, due to hðr, t,p,EÞ=0, we have
to know how the variables px, py, pz,E are expressed in ðr, tÞ space and, on the other
hand, if we would like to work in ðp,EÞ space we have to know how the variables
x, y, z, t are expressed in ðp,EÞ space.

6.3.1 The variables are not always simple numbers

It is not possible to give definite values for the coordinates x, y, z and the time t if
px, py, pz, E take definite values. This is due to the structure of the Fourier transform.
And, on the other hand, it is not possible to give definite values for px, py, pz and E
if the coordinates x, y, z and the time t take definite values. For example, for the de-
termination of Ψðx, y, z, tÞ for definite values x, y, z and t, say x1, y1, z1 and t1, we need
all possible values for px, py, pz and E, in principle from −∞ to ∞. This is a property
of the Fourier transformation (6.8).

Thus, in the analysis of quantum phenomena, given within projection theory,
the variables px, py, pz and E, expressed in ðr, tÞ space, cannot be simple numbers.
On the other hand, the variables x, y, z and t, expressed in ðp,EÞ space, can also not
be simple numbers.

But how can we express the variables px, py, pz and E in ðr, tÞ space and, on the
other hand, x, y, z and t in (p, E) space? In order to answer this question, we have to
apply eq. (6.8). Let us consider the following identities:
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− i�h
∂

∂x
Ψðx, y, z, tÞ= 1

ð2π �hÞ2 ×ð∞
−∞

pxΨðpx, py, pz,EÞ exp
i
�h

pxx+ pyy+ pzz −Et
� �� �

dpxdpydpz dE

(6:48)

− i�h
∂

∂y
Ψðx, y, z, tÞ= 1

ð2π �hÞ2 ×ð∞
−∞

pyΨðpx, py, pz,EÞ exp
i
�h

pxx+ pyy+ pzz −Et
� �� �

dpxdpydpz dE

(6:49)

− i�h
∂

∂z
Ψðx, y, z, tÞ= 1

ð2π �hÞ2 ×ð∞
−∞

pzΨðpx, py, pz,EÞ exp
i
�h

pxx+ pyy+ pzz −Et
� �� �

dpxdpydpz dE

(6:50)

Interpretation of eqs. (6.48) – (6.50): any information given in ðr, tÞ space can be
completely transformed into ðp,EÞ space, and vice versa. Both information must be
physically equivalent. We have two representations of the same thing. Ψðpx, py, pz,EÞ
in eqs. (6.48) – (6.50)) is equivalent to Ψðx, y, z, tÞ, and vice versa [see eq. (6.9)]. Also,
− i�h∂=∂xΨðx, y, z, tÞ and pxΨðpx, py, pz,EÞ in eq. (6.48) must be equivalent. Thus, the
operators

p̂x = − i�h
∂

∂x
, p̂y = − i�h

∂

∂y
, p̂z = − i�h

∂

∂z
(6:51)

must be equivalent to the momentum px, py, pz, that is, the momentums take the
form of operators in ðr, tÞ space. We have the transitions

px ! − i�h
∂

∂x
, py ! − i�h

∂

∂y
, pz ! − i�h

∂

∂z
(6:52)

when we go from ðp,EÞ space to ðr, tÞ space.

6.3.2 The operator for the time coordinate

In the same way, we can find on the basis of eqs. (6.8) and (6.9) operators for E, r
and t. For example, with eq. (6.9) we have
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− i�h
∂

∂E
Ψðpx, py, pz,EÞ= 1

ð2π �hÞ2 ×ð∞
−∞

t Ψðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dxdydzdt

(6:53)

Thus, the operator

t̂ = − i�h
∂

∂E
(6:54)

must be equivalent to the system-specific time t, that is, the time t takes the form of
an operator in ðp,EÞ space. There is the transition

t ! − i�h
∂

∂E

when we go from ðr, tÞ space to ðp,EÞ space.
Furthermore, it is straightforward to show by means of eq. (6.9) that the coordi-

nates x, y, z take in ðp,EÞ space the following operator form:

x̂ = i�h
∂

∂px
, ŷ = i�h

∂

∂py
, ẑ = i�h

∂

∂pz
(6:55)

That is, we have the transitions

x! i�h
∂

∂px
, y! i�h

∂

∂py
, z! i�h

∂

∂pz
(6:56)

when we go from ðr, tÞ space to ðp,EÞ space.
Moreover, the energy takes in ðr, tÞ space and operator form as well. We get the

operator

Ê! i�h
∂

∂t
(6:57)

Here we have the transitions

E! i�h
∂

∂t
(6:58)

when we go from ðp,EÞ space to ðr, tÞ space.

6.3.3 Conclusion and summary

Within the frame of the projection principle we have the following situation: both
spaces, ðr, tÞ space, ðp,EÞ space, are equivalent concerning their information. Each
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physically real object contains in both spaces exactly the same physical informa-
tion. In particular, we have the following peculiarities:
1. In ðr, tÞ space, the coordinates x, y, z and the time t are numbers and the mo-

mentums and the energy are operators that are given in the form − i�h∂=∂x,
− i�h∂=∂y, − i�h∂=∂z, i�h∂=∂t.

2. In ðp,EÞ space, the coordinates and the time are expressed by the operators
i�h∂=∂px, i�h∂=∂py, i�h∂=∂pz, − i�h∂=∂E. The momentums px, py, pz and the energy E
are numbers.

There are two interesting points:
1. We have shown that either the coordinates or the momentums are numbers.

If the coordinates are numbers, the momentums must be operators in ðr, tÞ space. If
the momentums are numbers, the coordinates must be operators in ðp, EÞ space.

These rules can only be obtained in traditional quantum theory in connection
with Schrödinger’s equation, and this equation is an assumption and cannot be de-
rived in usual quantum theory; this point has been discussed in Ref. [12]. Therefore,
also the rules concerning numbers and operators have to be considered as assumed
within the traditional view of quantum theory. The source of these rules is unknown
within usual quantum theory and become therefore postulates within this view.

In contrast to projection theory (physical reality is projected onto space–time),
within conventional quantum theory (physical reality is embedded in space–time)
we cannot recognize what physical reality hide behind these laws.

2. The time coordinate is not always a simple number within projection theory, but
can also be an operator ð− i�h ∂ ∂EÞ= ; this is of fundamental importance as we already
discussed in the preceding chapters. Within traditional quantum theory, the time is al-
ways a simple external parameter and is exclusively given by the clock time τ.

The laws, which we have found in this section, are general in character and do
not reflect specific properties of physically real objects (systems).

6.4 Operator equations

Let us start with the well-known classical equation for a system (particle) in an ex-
ternal field Uðx, y, zÞ:

E =
p2x + p2y + p2z

2m0
+Uðx, y, zÞ (6:59)

where m0 is the mass of the object, px, py, pz are the components of the momentum
and E is its energy. Here the particle is still point-like and it is embedded in space.
The effect of �h (see Section 6.1) is that we have no longer “one” space, but “two”
coexisting spaces [ðp,EÞ space and ðr, tÞ space] representing reality and its picture.
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Both spaces are equivalent and we may describe the physical object (system) in
ðp,EÞ space but in ðr, tÞ space as well. Using eq. (6.59) and the rules derived in
Section 6.3, we can formulate the corresponding quantum-mechanical equations
for Ψðpx, py, pz,EÞ and Ψðx, y, z, tÞ.

The operators, which we derived for the variables x, y, z, t and px, py, pz,E, are
generally valid. In this section and in Section 6.6 we will formulate operator equa-
tions that refer to specific objects and systems, respectively. First, let us give the
following general remark concerning the notion “equivalency”.

6.4.1 Equivalencies

In the derivation of these equations we have to notice the following: the function f
of a variable, say x, becomes in those cases, where the variable becomes an opera-
tor i�h ∂ ∂px= (Section 6.3), a function of this operator, that is, we have the following
equivalency:

f ðxÞΨðx, y, z, tÞ $ f i�h
∂

∂px

� �
Ψðpx, py, pz,EÞ, (6:60)

where rule (6.55) has been used.
Equation (6.60) can easily be verified. Expanding the function f ðxÞ in a Taylor

series, we have

f ðxÞ =
X∞
n = 0

anxn. (6:61)

With eq. (6.9) we obtain immediately

in�hnan
∂n

∂pnx
Ψðpx, py, pz,EÞ= 1

ð2π �hÞ2 ×ð∞
−∞

anxnΨðx, y, z, tÞ exp −
i
�h
ðp · r−EtÞ

� �
dxdydzdt

(6:62)

and we recognize that the nth term of eq. (6.61) takes in ðp,EÞ space the form

in�hnan
∂n

∂pnx
, (6:63)

and it is equivalent to

anxn. (6:64)

322 Chapter 6 Fictitious realities

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



This argumentation is valid for all terms in eq. (6.61), and we obtain

f i�h
∂

∂px

� �
Ψðpx, py, pz,EÞ= 1

ð2π �hÞ2 ×ð∞
−∞

f ðxÞΨðx, y, z, tÞ exp −
i
�h
ðp · r− EtÞ

� �
dxdydzdt

(6:65)

That is, we get the equivalency given by eq. (6.60).

6.4.2 Space-specific formulations

In order to formulate the equations for the wave functions Ψðpx, py, pz, EÞ and
Ψðx, y, z, tÞ, we have to consider the situations in the two spaces.

(p, t) space

Only the function Uðx, y, zÞ in eq. (6.59) has to be transformed since the variable
r = ðx, y, zÞ does not belong to ðp,EÞ space. In analogy to eq. (6.65) we have the
equivalency

Uðx, y, zÞ $ U i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz

� �
(6:66)

That is, Uðx, y, zÞ is given in (p, E) space by U i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz

� �

(r, t) space

The quantities E and ðp2x + p2y + p2zÞ=2m0 in eq. (6.59) belong to ðp,EÞ space, and we
have to use the corresponding relations in ðr, tÞ space [see also eqs. (6.52) and
(6.57)]:

EΨðpx, py, pz,EÞ $ i�h
∂

∂t
Ψðx, y, z, tÞ (6:67)

p2x + p2y + p2z
2m0

Ψðpx, py, pz, EÞ $ −
�h2

2m0
ΔΨðx, y, z, tÞ (6:68)

Then, we can formulate the following quantum-mechanical equations for the deter-
mination of Ψðpx, py, pz,EÞ and Ψðx, y, z, tÞ. For the classical system, characterized
by (6.59), we can formulate the following quantum-mechanical equivalency by
means of (6.8)

Ψðx, y, z, tÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE
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as follows

i�h
∂

∂t
+ �h2

2m0
Δ−Uðx, y, zÞ

( )
Ψðx, y, z, tÞ = 1

ð2π�hÞ2 ×

ð∞
−∞

E −
p2x + p2y + p2z

2m0
−U i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz

� �( )
× (6:69)

Ψðpx, py, pz, EÞ exp i
�h
ðp · r−EtÞ

� �
dpxdpydpzdE

Equation (6.69) leads to

i�h
∂

∂t
+ �h2

2m0
Δ−Uðx, y, zÞ

( )
Ψðx, y, z, tÞ= f ðx, y, z, tÞ (6:70)

and

E −
p2x + p2y + p2z

2m0
−U i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz

� �( )
×

Ψðpx, py, pz, EÞ= f ðpx, py, pz,EÞ
(6:71)

with

f ðx, y, z, tÞ= 1

ð2π�hÞ2
ð∞
−∞

E −
p2x + p2y + p2z

2m0
−U i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz

� �( )
× (6:72)

Ψðpx, py, pz,EÞ exp i
�h
ðp · r−EtÞ

� �
dpxdpydpzdE

and

f ðx, y, z, tÞ= 1

ð2π�hÞ2
ð∞
−∞

f ðpx, py, pz,EÞ exp i
�h
ðp · r−EtÞ

� �
dpxdpydpzdE (6:73)

The classical potential Uðx, y, zÞ is unknown but the function f ðx, y, z, tÞ as well.
Therefore, we want to combine the functions Uðx, y, zÞ and f ðx, y, z, tÞ to one term,
which we want to name Vðx, y, z, tÞ.

This re-formulation leads to the final quantum-mechanical equation of the clas-
sical case (6.69):

i�h
∂

∂t
Ψðx, y, z, tÞ= −

�h2

2m0
ΔΨðx, y, z, tÞ+Vðx, y, z, tÞΨðx, y, z, tÞ (6:74)

Equation (6.74) is a formulation given for ðr, tÞ space, where
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Vðx, y, z, tÞ=Uðx, y, zÞ+ gðx, y, z, tÞ (6:75)

with

gðx, y, z, tÞ= f ðx, y, z, tÞ
Ψðx, y, z, tÞ (6:76)

Vðx, y, z, tÞ should be considered as a generalized interaction potential. In the quan-
tum-mechanical case we have no longer the classical static potential Uðx, y, zÞ but
the time-dependent potential Vðx, y, z, tÞ, which is now four-dimensional.

In other words, we obtain from the classical stationary case (6.59) a nonstation-
ary quantum-mechanical equation [eq. (6.74)].

Using the procedure applied earlier, Vðx, y, z, tÞ takes in ðp,EÞ space the form

V i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, − i�h

∂

∂E

� �
(6:77)

resulting from the equivalence [using eq. (6.9)]

V i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, − i�h

∂

∂E

� �
Ψðpx, py, pz,EÞ

= 1

ð2π �hÞ2
ð∞
−∞

Vðx, y, z, tÞΨðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dtdxdydz

(6:78)

Note that the time t takes in ðp,EÞ space the form − i�h ∂ ∂E= [see eq. (6.54)]. Using
the equivalencies (6.68) and (6.78), the quantum-mechanical case of eq. (6.59) is
given in ðp,EÞ space by

EΨðpx, py, pz,EÞ=
p2x + p2y + p2z

2m0
Ψðpx, py, pz,EÞ+

V i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, − i�h

∂

∂E

� �
Ψðpx, py, pz,EÞ

(6:79)

with [see eq. (6.71)]

V i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, − i�h

∂

∂E

� �
Ψðpx, py, pz,EÞ

=U i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz

� �
Ψðpx, py, pz,EÞ + f ðpx, py, pz,EÞ

(6:80)

Equation (6.79) is completely equivalent to eq. (6.74): Ψðx, y, z, tÞ is determined by
eq. (6.74) and Ψðpx, py, pz,EÞ by eq. (6.79), and both solutions [Ψðx, y, z, tÞ and
Ψðpx, py, pz,EÞ] are connected by eqs. (6.8) and (6.9), respectively.
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6.4.3 Comparison with Schrödinger’s equation

Equation (6.79) does not exist in usual quantum theory and this is because the opera-
tor �i�h ∂=∂E for the time coordinate does not exist in traditional quantum theory.
Since eqs. (6.79) and (6.74) are completely equivalent, also eq. (6.74) cannot exist in
traditional quantum theory. If we know, for example Ψðpx, py, pz,EÞ, we can deter-
mine Ψðx, y, z, tÞ without explicitly to use eq. (6.74); Ψðpx, py, pz,EÞ and Ψðx, y, z, tÞ are
connected to each other by a Fourier transform [see eqs. (6.8) and (6.9)].

The time t is system specific in character. The time within traditional quantum
theory is exclusively given by the clock time τ which we use in everyday life. The
system-specific time t is not defined in traditional quantum theory. That is, the time
used in traditional quantum theory must be identified with τ t = τð Þ, and when we
use Vðx, y, z, tÞ=Uðx, y, zÞ we obtain in the case of eq. (6.59) Schrödinger’s equation
of traditional quantum theory:

i�h
∂

∂τ
Ψðx, y, z, τÞ= −

�h2

2m0
ΔΨðx, y, z, τÞ+Uðx, y, zÞΨðx, y, z, τÞ (6:81)

The system-specific time t does not appear in eq. (6.81). Instead of eq. (6.74) (projec-
tion theory] we get Schrödinger’s equation of usual quantum theory. Both equations
are based on eq. (6.59). Concerning Schrödinger’s equations, more details are given
in Ref. [12].

6.5 Time operator

For the realistic treatment of nanosystems we need a quantum aspect of time,
which is not known in traditional quantum theory. Self-organizing processes belong
to the heart of nanoscience and such processes have to be based on a quantum-
theoretical background. Self-organizing processes are transitions of quantum states
within a certain time interval. The realistic description of time sequences is relevant
here and it influences the process itself and the outcome as well. In other words,
the notion “time” is an essential factor.

6.5.1 Time in traditional quantum theory

As we underlined in Chapter 1, the physics of time is underdeveloped in traditional
quantum theory. This is a serious problem. Here we have merely an external time,
which is strictly classical in character. It is the clock time τ that we often used in
the earlier chapters. No other type of time is known here. A quantum aspect of time
is missing in traditional quantum theory. That is, the phenomenon time appears in
usual quantum theory only in restricted form.
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Erwin Schrödinger tried to find a quantum operator for the time, but without
success; he tried to construct such an operator within the given frame of traditional
quantum theory itself, that is, without expanding the basic frame, but this is obvi-
ously inescapable.

A system-specific quantum aspect of time can be developed within the frame of
the projection principle. The system-specific time is given in ðr, tÞ space by a real num-
ber but in ðp,EÞ space as operator of the form − i�h ∂ ∂E= . This operator − i�h ∂ ∂E= re-
flects the time coordinate in general form and it is valid for each kind of physically real
object and system, respectively. In this section, we formulate a system-specific time op-
erator, which reflects the quantum properties of the system under investigation.

Such kind of formulation is in fact needed when we want to treat nanosystems
in a realistic way. However, not only nanosystems are concerned, but the problem
with time is a general problem in physics.

6.5.2 Uncertainties with respect to the variables

We have statistical fluctuations in both spaces: ðr, tÞ space and ðp,EÞ space. It is
easy to recognize that there are uncertainties with respect to all variables x, y, z, t
and px, py, pz,E. These uncertainties are expressed through the following relations
(e.g., see Ref. [12]):

δpxδx≥
�h
2

δpyδy≥
�h
2

δpzδz ≥
�h
2

δEδt ≥
�h
2

(6:82)

In connection with these uncertainty relations, the appearance of δEδt ≥ �h=2 is re-
markable: the energy E and the system-specific time t are inherently uncertain
within projection theory. This is in fact a general requirement, but this is not ful-
filled in traditional quantum theory.

In fact, such an equation does not exist in the usual form of quantum theory.
Since time is still a classical parameter within usual quantum theory, there is no
uncertainty relation of type δEδt ≥ �h=2 in traditional quantum theory. However,
here we have the energy–time relation of the form

ΔEΔτ≥ �h
2

(6:83)
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But the quantities ΔE and Δτ are differences and they have nothing to do with un-
certainties. Relation (6.83) is a quasiclassical equation. The value of such an equa-
tion is, however, questionable. In Mario Bunge’s opinion, the energy–time relation
ΔEΔτ≥ �h=2 “is a total stranger to quantum theory.” We will still discuss this point
in Chapter 7.

If the uncertainties of the variables of ðr, tÞ space become zero [5], that is, if

δx! 0, δy! 0, δz! 0, δt ! 0 (6:84)

the reality-picture conception requires that also the variables of ðp,EÞ space become
zero:

∂px ! 0, ∂py ! 0, ∂pz ! 0, ∂E! 0 (6:85)

Then, instead of the wave functions Ψðx, y, z, tÞ and Ψðpx, py, pz, EÞ, which are con-
nected through relations (6.8) and (6.99, at each clock time τ there are definite val-
ues for the variables x, y, z, t and px, py, pz,E and there are no fluctuations:

τ: x, y, z, t;

px, py, pz,E
(6:86)

In other words, there are no probability densities Ψ*ðx, y, z, tÞΨðx, y, z, tÞ and
Ψ*ðpx, py, pz,EÞΨðpx, py, pz,EÞ effective. In other words, the variables x, y, z, t and
px, py, pz, E behave classically, that is, without any uncertainty.

However, also in this classical case the reality-picture conception must be
valid. This means that the variables must be connected and this is reflected through
relations of the form

t = t ðx, y, z, px, py, pz,EÞ (6:87)

and also in the form of

E = Eðx, y, z, t, px, py, pzÞ (6:88)

Both relations, eqs. (6.87) and (6.88), can be used as a starting point for quan-
tum-theoretical formulations. We would like to derive first the quantum laws for
eq. (6.87), which reflects the time representation of the problem.
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6.5.3 Time representation

With the basic eq. (6.9), we immediately obtain

− i�h
∂

∂E

� �
Ψðpx, py, pz,EÞ=

1

ð2π �hÞ2
ð∞
−∞

t Ψðx; y; z; tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dxdydzdt

(6:89)

The inverse transformation leads to

tΨðx, y, z, tÞ=
1

ð2π �hÞ2
ð∞
−∞

− i�h
∂

∂E

� �
Ψðpx, py, pz,EÞ exp i

p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

(6:90)

Furthermore, in order to get a quantum-mechanical formulation for the quantity
t ðx, y, z, px, py, pz,EÞ [see eq. (6.87)] in ðr, tÞ space, we have to apply the operator
rules derived in Section 6.3. Then instead of t ðx, y, z, px, py, pz,EÞ we get an operator,
which we want to indicate by Ĉ, and Ĉ is the time operator. We have the transition

t ðx, y, z, px, py, pz,EÞ ! Ĉ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
(6:91)

With (6.8) we get

Ĉ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
Ψðx, y, z, tÞ= 1

ð2π�hÞ2 ×ð∞
−∞

Ĉðx, y, z, px, py, pz, EÞ Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

(6:92)

Here the procedure used in Section 6.4 has been applied piecewise; we may of
course also use the so-called rational functions.

On the other hand, when we apply the inverse Fourier transform (6.9), we get
the following relation:

Ĉ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
Ψðpx, py, pz,EÞ = 1

ð2π�hÞ2 ×

ð∞
−∞

Ĉ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
Ψ ðx, y, z, tÞ ×

exp − i
p
�h
· r− E

�h
t

� �� �
dtdxdydz

(6:93)
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From this formulation, we get with transformation (6.8) the expression, which we
need for the further treatment

Ĉ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
Ψ ðx, y, z, tÞ = 1

ð2π�hÞ2 ×

ð∞
−∞

Ĉ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
Ψ ðpx, py, pz, EÞ ×

exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

(6:94)

Combining eq. (6.90) with eq. (6.94), we obtain a formula that is suitable to formu-
late basic equations in both spaces

t − Ĉ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �� �
Ψ ðx, y, z, tÞ = 1

ð2π�hÞ2 ×

ð∞
−∞

− i�h
∂

∂E
− Ĉ i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz, E

� �� �
Ψ ðpx, py, pz,EÞ ×

exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

(6:95)

Then, the solution of eq. (6.95) is straightforward and allows to formulate two equa-
tions within the frame of the “time representation,” one for ðr, tÞ space and another
for ðp,EÞ space.

Time representation for ðr, tÞ space:

Ĉ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
Ψðx, y, z, tÞ= tΨðx, y, z, tÞ (6:96)

Time representation for ðp,EÞ space:

− i�h
∂

∂E
Ψðpx, py, pz,EÞ=

Ĉ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
Ψðpx, py, pz,EÞ

(6:97)

The time operator Ĉ describes the physically real object in time representation. Ĉ has
to be developed, for example, in ðr, tÞ space in terms of quantum-theoretical princi-
ples. Then the wave function Ψðx, y, z, tÞ can be calculated on the basis of eq. (6.96).
The function Ψðx, y, z, tÞ has then to be inserted into eq. (6.9) and we obtain the wave
functionΨðpx, py, pz,EÞ.

On the other hand, Ĉ can also be developed in ðp, EÞ space, as an equivalent
procedure so to speak. Then the quantum-theoretical principles, which have also
here to be applied, can probably not easily transferred from ðr, tÞ space to ðp,EÞ
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space. On the basis of Ĉ, developed in ðp,EÞ space, the wave function can be found
as a solution of eq. (6.97). In any case, both eqs. (6.96) and (6.97) are equally rele-
vant in the calculation of system-specific properties in time representation.

6.5.4 Alternative way

In principle, we can start from t = t ðx, y, z, px, py, pz,EÞ, that is, from relation (6.87).
In Section 6.5.3, we also started from this expression but we used it in the most gen-
eral form and did not express the quantum laws (6.96) and (6.97) on the basis on an
analytical (mathematical) relation for t = t ðx, y, z, px, py, pz,EÞ.

No doubt, this way leads to clear statements concerning the formulation of sys-
tem-specific quantum states. Nevertheless, we may go an alternative way: we can
develop an analytical expression for t = t ðx, y, z, px, py, pz,EÞ on the basis of physical
principles, which are compatible with this expression in which the variables are
given in classical form.

What kind of physical principles are adequate in this case? The variables in
connection with t = t ðx, y, z, px, py, pz,EÞ behave classically (Section 6.5.2), but the
functional representation of the form t ðx, y, z, px, py, pz,EÞ, that is, the mathematical
connection between the variables x, y, z, px, py, pz,E has to be chosen with respect to
principles that are usually used in classical physics.

What is the procedure in the transition from the classical to the quantum state?
We need “conclusive criteria” for the determination of a mathematical expression
for t ðx, y, z, px, py, pz,EÞ. Let us briefly discuss the background of that.

The necessary and the sufficient condition
The transition from the classical, nonstatistical variables x, y, z, px, py, pz,E to the
corresponding quantum operators (e.g., from − i�h∂=∂E to E) is the “necessary” con-
dition when we want to determine the quantum properties of physically real ob-
jects. But this is not “sufficient.” We simply need more than that. Conditions (6.84)
and (6.85) do not reflect the physical laws after which the objects behave, that is,
they do not dictate the organizational form of the variables.

Conditions (6.84) and (6.85) merely change the character of the variables. Clearly,
the classical variables x, y, z, px, py, pz,E behave in accordance with eqs. (6.84) and
(6.85), but this does not yet lead to the “physical behavior” of the variables
x, y, z, px, py, pz,E, and this is expressed through the mathematical structure of the
function t x, y, z, px, py, pz,E

� �
.

For the mathematical representation of the term t ðx, y, z, px, py, pz,EÞ we need
“conclusive criteria” that are expressible in terms of the nonfluctuating, classical
elements x, y, z, px, py, pz,E. If this is fulfilled, we may name this mathematical ex-
pression “classical.” These conclusive criteria are, for example, expressed by the
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effect of inertia, the principle of least action and the principle of causality. These
criteria are often adapted to what we experience in everyday life.

Without these classical criteria, an analytical (mathematical) expression in
terms of the classical variables cannot be formulated. We would like to assume
that such a classical mathematical expression for the function t ðx, y, z, px, py, pz,EÞ
exists. Then instead of the general connection form t ðx, y, z, px, py, pz,EÞ we get a
mathematical expression that we want to indicate by the classical term (formula)
f ðx, y, z, px, py, pz,EÞclassical, that is, we have the transition

t ðx, y, z, px, py, pz, EÞ ! f ðx, y, z, px, py, pz,EÞclassical (6:98)

This means that the classical behavior is reflected by the variables but also through
what we called “conclusive criteria.”

For the alternate transformation of the variables and the operators, the basic eqs
(6.8) and (6.9) have to be applied. Then the function f becomes an operator f̂ : f ! f̂ .
The variables of f̂ are operators, depending on the applied space. However, the func-
tional structure remains in its classical form and, therefore, we have f̂ = f̂classical.

We need conclusive classical criteria when we want to express the general form
t ðx, y, z, px, py, pz,EÞ mathematically. This step is indicated through relation (6.98).
These classical criteria must be expressible as a function of the nonfluctuating ele-
ments x, y, z, px, py, pz,E. This does, however, not mean that quantum properties of
physical objects are characterized by these classical laws alone and that the quan-
tum aspect comes merely into existence through the exchange of the classical varia-
bles by operators. We need more than that.

The quantum object is not specified on these conclusive classical criteria alone,
but extensions with respect to the quantum behavior are necessary. We need more
than the conclusive classical criteria when we go from the classical state to the
quantum aspect of the properties.

Further steps in the treatment
Using the rules given earlier and in Section 6.4, the following identity is obtained:

f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

Ψðx, y, z, tÞ = 1

ð2π�hÞ2 ×

ð∞
−∞

f̂ px, py, pz,E, i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz

� �
classical

×

Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

(6:99)
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The inverse formulation of the problem is compatible with relation (6.99):

f̂ px, py, pz,E, i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz

� �
classical

Ψðpx, py, pz,EÞ = 1

ð2π�hÞ2 ×

ð∞
−∞

f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

×

Ψðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dxdydzdt

(6:100)

With the existence of eqs. (6.99) and (6.100), the classical behavior of the variables
x, y, z, px, py, pz,E is eliminated through the appearance of the quantum operators.
However, the conclusive criteria, the other part of the classical description, remain
classical in character.

Combining eqs. (6.90) and (6.99), we obtain, in analogy to relation (6.95), the
expression

t − f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

� �
Ψðx, y, z, tÞ =

1

ð2π�hÞ2
ð∞
−∞

− i�h
∂

∂E
− f̂ i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
classical

� �
×

Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

(6:101)

The solution of eq. (6.101) is also here straightforward and allows to formulate two
equations within the frame of the “time representation,” one for ðr, tÞ space and an-
other for ðp,EÞ space. However, we merely get quasiclassical representations in the
following two forms:

Time representation for ðr, tÞ space (quasiclassical case):

f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

Ψðx, y, z, tÞ=

tΨðx, y, z, tÞ
(6:102)

Time representation for ðp,EÞ space (quasiclassical case):

− i�h
∂

∂E
Ψðpx, py, pz,EÞ=

f̂ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
classical

Ψðpx, py, pz,EÞ
(6:103)

If the quasiclassical expression
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t − f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

� �
Ψðx, y, z, tÞ (6:104)

in eq. (6.101) does not fulfill completely the quantum aspect of the problem under
investigation, we may extend this expression via eq. (6.101). The integral of eq. (6.101)
can be written as

gðx, y, z, tÞ= 1

ð2π�hÞ2 ×Ð∞
−∞

− i�h
∂

∂E

� �
− f̂ i�h

∂

∂px
; i�h

∂

∂py
; i�h

∂

∂pz
; px; py; pz;E

� �
classical

� �
×

Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpxdpydpzdE

(6:105)

Then, we get

t − f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

� �
Ψðx, y, z, tÞ

− gðx, y, z, tÞ=0

(6:106)

Or in reformulated form

tΨðx, y, z, tÞ−

f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
quantum

Ψðx, y, z, tÞ=0
(6:107)

with

f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
quantum

Ψðx, y, z, tÞ=

f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

Ψðx, y, z, tÞ − gðx, y, z, tÞ
(6:108)

The operator

f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
quantum

which appears in eq. (6.107) has to be identified with the operator

Ĉ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �

see eq. (6.94).
On the other hand, we may use the inverse transformation of eq. (6.101) to com-

plete the discussion. The inverse transformation of eq. (6.101) is given by
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− i�h
∂

∂E
− f̂ i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
classical

� �
Ψðpx, py, pz,EÞ

= 1

ð2π�hÞ2
ð∞
−∞

t − f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

� �
×

Ψðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dxdydzdt

(6:109)

If the quasiclassical expression

− i�h
∂

∂E
− f̂ i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
classical

� �
Ψðpx, py, pz, EÞ (6:110)

in eq. (6.109) does not fulfill completely the quantum aspect of the problem
under investigation, we may extend this expression via eq. (6.109). Then, the in-
tegral of eq. (6.109) can be written as

gðpx, py, pz,EÞ=
1

ð2π�hÞ2
ð∞
−∞

t − f̂ x, y, z, − i�h
∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z
, i�h ∂

∂t

� �
classical

� �
×

Ψðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dxdydzdt

(6:111)

Then, we get

− i�h
∂

∂E
− f̂ i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
classical

� �
Ψðpx, py, pz,EÞ

− gðpx, py, pz,EÞ=0

(6:112)

Or in reformulated form:

− i�h
∂

∂E
Ψðpx, py, pz,EÞ−

f̂ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
quantum

Ψðpx, py, pz,EÞ=0
(6:113)

with

f̂ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
quantum

Ψðpx, py, pz,EÞ=

f̂ x, y, z, − i�h
∂

∂x
, i�h ∂

∂y
, i�h ∂

∂z
, i�h ∂

∂t

� �
classical

Ψðpx, py, pz,EÞ

− gðpx, py, pz,EÞ

(6:114)
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Using eqs. (6.105) and (6.111) we immediately recognize that the functions gðx, y, z, tÞ
and gðpx, py, pz, EÞ are connected by a Fourier transform:

gðpx, py, pz, EÞ= 1

ð2π�hÞ2
ð∞
−∞

gðx, y, z, tÞ exp − i
p
�h
· r− E

�h
t

� �� �
dtdxdydz (6:115)

Also gðx, y, z, tÞ and gðpx, py, pz,EÞ are system specific and reflect quantum-mechanical
properties, which complement the classical states introduced and discussed earlier.

Comparison
The following should still be underlined: the operator

f̂ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �
quantum

which appears in eq. (6.113) has to be identified with the operator

Ĉ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz,E

� �

(see eq. (6.93)).

6.5.5 Energy representation

In analogy to what we developed in connection with the “time representation” of
quantum phenomena, expressed by eqs. (6.96) and (6.97), we get equivalent equa-
tions in “energy representation.” Also in this case the equations can be formulated
within ðr, tÞ space as well as in ðp,EÞ space. That is, also here we have two equiva-
lent equations, which can equally be used for the determination of the wave func-
tions Ψðx, y, z, tÞ and Ψðpx, py, pz,EÞ.

On the footing of what we deduced in connection with time representation, it is
straightforward to show that for ðr, tÞ space and ðp,EÞ space the relations take the
form

i�h
∂

∂t
∂Ψðx, y, z, tÞ= Ĥ x, y, z, t, − i�h

∂

∂x
, − i�h

∂

∂y
, − i�h

∂

∂z

� �
Ψðx, y, z, tÞ (6:116)

and

Ĥ i�h
∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, px, py, pz, − i�h

∂

∂E

� �
Ψðpx, py, pz,EÞ=

EΨðpx, py, pz, EÞ
(6:117)
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We already know from Section 6.4 that the energy operator (Hamiltonian) Ĥ takes
in ðr, tÞ space the form

Ĥ = −
�h2

2m0
Δ+Vðx, y, z, tÞ (6:118)

The four-dimensional interaction potential Vðx, y, z, tÞ is at clock time effective in the
past, present and future with respect to system-specific time t. In usual quantum the-
ory, such kind of interaction potential is not defined. Instead of the general interac-
tion Vðx, y, z, tÞ, we have here a restricted form of interaction denoted by Uðx, y, zÞ
(Section 6.4), which is adapted to the experiences of human beings in everyday life.
However, the physically real world is obviously more than that.

On the other hand, the operator Ĥ takes in ðp,EÞ space the structure

Ĥ =
p2x + p2y + p2z

2m0
+V i�h

∂

∂px
, i�h ∂

∂py
, i�h ∂

∂pz
, − i�h

∂

∂E

� �
(6:119)

In this case, the interaction potential V becomes an abstract operator.
Again, the operator Ĥ is the energy operator, which is called “Hamiltonian” in

the literature, in which traditional quantum theory is treated.
There is a certain similarity of eqs. (6.116) and (6.117) with Schrödinger’s equa-

tions of traditional quantum theory. But this is only a formal impression. Fact is,
however, that within Schrödinger’s theory the system-specific time t is not defined
and also not the operator for the time coordinate − i�h∂=∂E. More details concerning
Schrödinger’s equations are given in Section 6.7.

6.5.6 Discussion

Physically real objects can equally be treated in time representation (Section 6.5.3
and Section 6.5.4) as well as in energy representation. Moreover, the treatment can
be done in ðr, tÞ space and in ðp,EÞ space and leads also here to equivalent informa-
tion about the object under investigation. We have discussed two procedures: (1) the
direct transition to the time operator and the energy operator and (2) the use of classi-
cal expressions in the transition to the quantum aspect.

1. The direct way
For the time representation and the energy representation, we started from
t = t ðx, y, z, px, py, pz,EÞ and E =E ðx, y, z, t, px, py, pzÞ [eqs. (6.87) and (6.88)], which re-
flect general classical relationships. The time operator Ĉ and the energy operator Ĥ
can be formulated directly on the footing of operators for the coordinates and the
time (e.g., the variable t is replaced by the operator − i�h∂=∂E). The system-specific
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operators Ĉ and Ĥ are then modeled in terms of suitable quantum conceptions. We
get two equivalent schemes:

t ðx, y, z, px, py, pz,EÞ ! Ĉ

"
quantum conception

(6:120)

and
E ðx, y, z, t, px, py, pzÞ ! Ĥ

"
quantum conception

(6:121)

Scheme (6.120) refers to Section 6.5.2 and scheme (6.121) to Section 6.5.5. Here the
quantum conceptions need not be based on classical laws.

2. The start with classical arguments

Also here we start from the general classical relationships t = t ðx, y, z, px, py, pz,EÞ and
E = E ðx, y, z, t, px, py, pzÞ. We only want to discuss the time representation. There are
altogether three steps in the development. An overview is given by scheme (6.122).

First, we formulate the physical problems in terms of conclusive classical crite-
ria and these classical criteria must be expressible in terms of the nonfluctuating
elements x, y, z, px, py, pz,E. Then, we get an analytical (mathematical) expression
for t ðx, y, z, px, py, pz,EÞ, which is still classical in character. We want to indicate this
mathematical expression by f ðx, y, z, px, py, pz,EÞclassical.

The next step is to replace the classical variables in fclassical by operators (e.g., the
variable t is replaced by the operator − i�h∂=∂E), which depends on the space for
which the problem is treated, that is, we have to distinguish between ðr, tÞ space and
ðp,EÞ space. That is, instead of fclassical we have now an operator f̂classical, which is
however still classical. The reason is obvious: the analytical form of fclassical is based
on classical criteria, but the replacement of the classical variables through operators
does not change the functionality of the analytical expression and this means that
the analytical expression itself still contains the classical criteria without quantum
supplement. This quantum aspect can be introduced through the function g, which is
expressible in ðr, tÞ space as well as in ðp,EÞ space. We finally obtain the quantum
operator for the time that we indicated by f̂quantum, and f̂quantum has to be identified
with time operator Ĉ. The entire scenario is summarized in scheme (6.122):

tðx, y, z, px, py, pz, EÞ ! fclassical ! f̂ classical ! f̂ quantum $ Ĉ

" "
operators g

ðt! − i�h∂=∂E, etc.Þ

(6:122)
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This development (the start with classical arguments) demonstrates that the classi-
cal physical conceptions as starting point are not revealing. The direct quantum
treatment of the problem (The direct way) should be seminal for the quantum de-
scription in terms of the time operator.

Remark
The operators for the coordinates and so on in Ĉ can be replaced by the classical
variables and, in this way, we get an analytical expression but it is in part classical
because the variables are classical. However, the mathematical formula itself con-
tains the quantum-theoretical conception. Then, we have fquantum, which is not an
operator, but

fquantum ≠ fclassical (6:123)

Whereas the function fclassical contains merely the classic criteria, the function fquantum
contains the quantum-theoretical conception. With fquantum we have the relation

t = t ðx, y, z, px, py, pz,EÞquantum (6:124)

and also the relation

E = E ðx, y, z, px, py, pz, tÞquantum (6:125)

Using eq. (6.125), we get the energy operator Ĥ, that is, the quantum phenomenon
is formulated with respect to the energy representation.

6.6 Classical behavior of the time

The quantum-theoretical treatment of a physically real object is done also within
the projection theory by means of a wave function, which appears however here in
an extended form since the system-specific time t has to be considered. Thus, we
have for the wave function the form Ψðx, y, z, tÞ, and Ψ*ðx, y, z, tÞ is the correspond-
ing complex conjugate function. First, we discuss the system-specific time and after
that the simultaneous consideration of space and time.

6.6.1 System-specific time

Statistical behavior
The variables x, y, z, t are given at each time τ with a certain probability, which is
proportional to the probability density Ψ*ðx, y, z, tÞΨðx, y, z, tÞ. We consider here the
situation for constant values of the coordinates, which are indicated in this case by
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xc, yc, zc. The probability density is assumed to be zero for t < ta and t > tb with ta ≠∞

and tb ≠∞.
At a definite clock time τ, the system-specific time t is observed with a certain

probability, which is proportional to the probability density

Ψ*ðxc, yc, zc, tÞΨðxc, yc, zc, tÞ≠0

ta ≤ t ≤ tb
(6:126)

Then, we obtain the sequences

t1, t2, . . . , ti, . . . (6:127)

and

τ1, τ2, . . . , τi, . . . (6:128)

The τ values increase continuously on the scale with real numbers:

τ1 < τ2 < . . . < τi < . . . (6:129)

The time t does not have property (6.129) but it varies statistically.
When the observation takes place within the range 2ε around τ, that is, at τ± ε

not only “one” τ value is defined at τ± ε, but the entire τ block within the range 2ε
is effective. There are as many τ values within the interval 2ε as there are real num-
bers in 2ε, and there is an infinite number of them in 2ε. On the other hand, at each
time τ there is a certain probability for the appearance of the variable t within the
range between ta and tb, in which the probability density exists [see eq. (6.126)].
That is, there is also an infinite number of t values between ta and tb that belong to
the τ values in 2ε. We obtain

τ! ∞ in 2ε
+

t !∞ in ðtb − taÞ
(6:130)

What is the condition for ε? The interval 2ε≠0 contains an infinite number of τ val-
ues, but this interval can be arbitrarily small. The value for ε may even be close to
zero and contains also for this case an infinite number of τ values (real numbers).
That is, if we group the t interval between ta and tb into segments of width 2εt and if
we choose for the number of the segments the value kt, the width 2εt is given by

2εt =
tb − ta
kt

(6:131)

The value kt is assumed to be finite (kt ≠∞). Because the interval ðtb − taÞ was assumed
to be finite, the segment 2εt is different from zero.
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Since the number of t states within ðtb − taÞ is infinity, the number of t states
within 2εt must also be infinite as well (∞=kt =∞ for k ≠∞). Then we have in anal-
ogy to in (6.130) the following situation:

t! ∞ in ðtb − taÞ
+

t!∞ in 2εt

(6:132)

Whereas the interval 2ε refers to the τ scale, the interval 2εt belongs to the t scale.
The quantities ε and εt are independent of each other, but εt must have the same
properties as ε: the interval 2εt ≠0 contains an infinite number of t values, but it
can be arbitrarily small. The value for εt may even be close to zero and contains
also for this case an infinite number of t values (real numbers).

The number of the 2εt segments is kt and this number can be chosen arbi-
trarily large but different from infinity. The width 2εt decreases with increasing kt.
For a sufficiently small interval 2εt, we get (almost) the complete information
Ψ*ðrc, tÞΨðrc, tÞ, rc = ðxc, yc, zcÞ with any precision.

In conclusion, within the interval 2εt there must be an infinite number of t values.
The number of 2εt segments within the range ðtb − taÞ is kt = ðtb − taÞ=2εt [eq. (6.131)]
and we have kt ≠∞. Since the number of t states within ðtb − taÞ is infinity, the number
of t states within 2εt must be infinite as well (∞=kt =∞ for k ≠∞). Within the range
ðtb − taÞ, the number of 2εt segments is kt with kt ≠∞ and each of these kt intervals
contains an infinite number of t values, whereby the 2εt interval can be arbitrarily
small but must be different from zero.

Block behavior
The use of τ± ε instead of τ means that none of the τ values within the 2ε interval is
soluble. In other words, the observation period of 2ε cannot be shortened. Then the
observer records all what is within the segment 2ε, but he/she cannot resolve the
details. He/she records all at once. The segment cannot be subdivided into parts.

In 2ε there is an infinite number of t states, but the human observer cannot re-
solve them but he/she experiences all at once in the form of “one block” defined
through the segment of width 2ε. This block is expressed by the mean value �t,
which is generated by all the time values within 2ε. All the τ values within the 2ε
interval are defined as “one” block. This τ block acts as unified whole, and gener-
ates the mean value �t. This is the conception.

The system, described by t states, is observed and these states are related to the
clock time τ [see eqs. (6.127) and (6.128)]. Relation here means that the system and
the human observer interact with each other. This situation effectuates that the τ
block overlaps with the t scale and correlates the clock time (values τ) with the t
states. The overlap interval is of course also 2ε.

6.6 Classical behavior of the time 341

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



The τ block is for the observation of the world outside. In particular, it selects
space structures. This is the task of the τ block, no less no more. The τ block can
only transfer its own properties on the t scale during the process of recognition. The
τ block is made for the observation of the physically real environment of the human
observer. It has no other tasks. The τ block itself does not invent additional proper-
ties during the observation process. The properties of the τ block are fully trans-
ferred to the t scale of the physically real objects and are not more detailed than the
properties of the τ block itself. From that the following points are relevant:
1. The overlap of the τ block with the t scale is not larger and not smaller than 2ε

and defines also a block on the t scale of width 2εt = 2ε. It is a t block.
2. The τ block can only resolve details of the t scale in the form of a block that is

identical with the properties of the τ block, that is, the τ block acts on the t
block as a unified whole and “sees” the t values within the 2ε interval all at
once. This situation is expressed through the mean value �t generated by all the
t values within the segment 2εt = 2ε.

The τ block is only able to recognize the t values in 2ε as a block and it cannot dis-
solve single t values. That is, the unified whole (the τ block) “sees” the t values
within the 2ε interval all at once, as a unified whole so to speak; the block does not
“see” single t values. In other words, the τ block records the infinite number of t
values within the 2ε interval all at once and defines “one” value that expresses the
mean value �t, which belongs to the 2ε interval. Thus, we have a t block as well. This
t block has also the width 2ε and comes into existence through the overlap with the
τ block. Thus, the 2εt width introduced earlier is identical with the 2ε width:

ε= εt (6:133)

The mean value �t is dependent on the position t at which the 2ε interval is just posi-
tioned. In other words, �t defines the mean value of t with respect to the 2ε interval
around t and of course around τ.

This entire t block with 2εt defines a mean value �t. The value for εt can be an
infinitesimal small time interval; ε can be arbitrarily small but must be different
from zero. Because the quantity ε can in principle be arbitrarily small, τ and τ± ε
are practically undistinguishable: τ± ε ffi τ with ε ffi 0.

The sequence of the mean values
The clock time τ itself moves in steps of 2ε from small to large values. Also in this
case relation (6.129) is valid. Note that this is an empirical fact. For two values τi
and τi+ 1 we have τi < τi+ 1 with the boundary condition

τi + ε= τi+ 1 − ε, ε≠0 (6:134)

That is, the entire τ block moves in steps of 2ε and the number of mean values �t in
the range tb − ta remains finite and is given by kt. In the case of ε=0, there are no
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mean values �t definable and the number of t values is infinite in the range tb − ta.
Thus, we have

ti, i= 1, 2, . . . ,∞, ðtb − taÞ (6:135)

�ti, i= 1, 2, . . . , kt, ðtb − taÞ (6:136)

Concerning the mean value �t, this entity has to be interpreted as the classical time
that we want to denote by t cl. This point will still be discussed further.

The elementary steps
The order is to observe at clock time τ one t value with a definite probability that is
proportional to Ψ*ðrc, tÞΨ*ðrc, tÞ with rc = ðxc, yc, zcÞ. This situation is expressed by
eqs. (6.126) and (6.127). In other words, each value within 2ε of τ± ε corresponds to
one observational event with respect to t. The number of events within the interval
2ε of τ± ε is infinity. This infinite number is distributed over the entire t range,
which is existent between ta and tb, which corresponds to the probability density
Ψ*ðrc, tÞΨðrc, tÞ. An infinite number of τ values in the range 2ε corresponds to an
infinite number of t values in the range tb–ta.

The τ block moves on the t scale and there is an overlap with the system-specific
time, which is defined between ta and tb [eq. (6.126)]. The movement of the τ block is
in steps of 2ε, but could in principle move continuously.

This block behavior has nothing to do with a quantization but is simply a ras-
ter, which can be chosen arbitrarily and has to be different from zero. The 2ε raster
can be introduced for theoretical reasons, but can also come into existence by reso-
lutions within the frame of observations.

6.6.2 Classical time

The values for the complete t spectrum show quantum aspect at each time τ
and ε = 0. Then the system behaves statistically and the probability density
Ψ*ðrc, tÞΨðrc, tÞ is fully effective.

On the other hand, the system behaves classically if we admit ε ≠ 0 for arbitrary
values ε. Why? In this case, the probability densities Ψ*ðrc, tÞΨðrc, tÞ are eliminated
and are no longer effective, that is, we have no longer a quantum characteristic. At
time τ± ε all the kt states for�t are simultaneously occupied with “certainty.” The quan-
tum time t changes its character and we obtain a classical time tcl. That is, the classical
time tcl is identical with the mean time�t:

t! tcl =�t (6:137)

If the quantity ε remains sufficiently small, we obtain �t ffi t and t ffi τ. The differen-
ces between �t and t are illustrated in Figure 6.4.
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As we have remarked, there are τ blocks and t blocks and they have the same
interval 2ε. Each t block, all having the width ε= εt [see eq. (6.133)], contains at
each time τ± ε an infinite number of t states. At time τ± ε the number of t blocks is
kt and this is valid for each time τ± ε. All t blocks exist simultaneously, also at each
time τ ± ε. This follows directly from eqs. (6.130) and (6.132).

On the other hand, in the case of ε=0 there exists at clock time τ only one t
state. However, the complete information of the system with respect to the classical
time tcl =�t is given at τ± ε in the form of mean values: We have kt mean values
�ti, i= 1, 2, . . . , kt , ðtb − taÞ, which exist simultaneously, but only that at time τ± ε is
perceivable. This situation means that there are no longer probability densities,
that is, the system behaves classical.

Remark
The classical value for the system-specific time, expressed by eq. (6.136), defines
the classical behavior for ε≠0. The wave function is in this case defined but it is
not effective. The object “behaves” classically.
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Figure 6.4: On the transition from quantum states to classical behavior within projection theory.
The quantum time t is observed at clock time τ with a certain probability, which is proportional to
the probability density Ψ*ðrc, tÞΨ ðrc, tÞ with rc = ðxc, yc, zcÞ. We obtain for the clock times
τ1, τ2, . . .the system-specific times t1, t2, . . .. The function Ψ*ðrc , tÞΨ*ðrc, tÞ is zero for t < ta and for
t > tb. On the other hand, when we admit a time interval ε around each τ, we get τ blocks as well as
t blocks for ε≠0. The clock time τ ± ε moves in steps of 2ε along the t scale, that is, the whole τ
block moves and overlaps the t scale. The block behavior effectuates that only “one” value for the
time is observable for each t block, and this is given by the mean time �t with respect to the t
interval 2ε. In the figure we have �ti at τi and �ti + 1 at τi + 1 with τi + 1 − τi = 2ε and �ti + 1 −�ti = 2ε. This
moving τ block only recognizes the t values in 2ε≠0 as a block and not single t values. The τ block
records the infinite number of t values within the 2ε interval all at once and defines “one” value,
which expresses the mean value �t, which belongs to the t values within the 2ε interval. In this way,
there is a perception of mean values �t at τ in the interval ðtb − taÞ: �ti , i = 1,2, . . . , kt . Also the mean
values �t are given in steps of 2ε. The selected interval 2ε at the t scale is 2εt and is identical with
2ε. In the case of ε=0 we have, in accordance with eq. (6.135), single quantum values
ti = 1, 2, . . . ,∞.
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On the other hand, the classical relation E =Eðp, r, tÞ is defined without wave
function. The system “is” classical and a wave function is not involved and does
not appear. This point has been discussed in Section 6.5. That is, relation
E = Eðp, r, tÞ is formulated without wave function: E = Eðp, r, tÞ exists because it can
successfully be used in the description of physically real systems, that is, it is used
for the formulation of observable events. This situation belongs to the matter–mind
realm and reflects the projection principle in pure culture.

The starting point for the formulation of Schrödinger’s equations is Newton’s
classical relation, which can be expressed in short form by E =Eðp, rÞ. This corre-
sponds to the classical relation E =Eðp, r, tÞ of projection theory without the system-
specific time t. Similarly, a classical theory can possibly be formulated on the basis
of E = Eðp, r, tÞ.

6.6.3 The two cases

In principle, we have to distinguish between two cases: the quantum-theoretical
description and the classical treatment.

Case 1: The quantum-theoretical description
Once again, in the quantum case we observe at each time τ “one” value for the sys-
tem-specific time t, which is given with a certain probability and the probability
density is relevant here. These are sequences t1, t2, . . . , ti, . . . and each of these val-
ues is related to a clock time: τ1, τ2, . . . , τi, . . ..

Case 2: The classical treatment
We have kt states at each τ ± ε, and all kt segments exist simultaneously at each τ ± ε.
The value for kt can be arbitrarily large, but different from infinity. Again, we have kt
segments of width 2ε within the interval between ta and ta. If 2ε is sufficiently small,
the number kt of simultaneous classical events can be large and represents an almost
continuous ensemble.

Each of the kt values exist at τ± ε with certainty, that is, the wave function ef-
fect, which characterizes quantum effects, is eliminated. This situation defines the
classical case within the frame of the projection principle.

Similarity to usual clocks
The mean values �ti, i= 1, 2, . . . , kt behave like a clock. The numbers on a usual clock
correspond here to the mean values �ti = tcl, which behave classical. All numbers on
the clock are defined simultaneously, and all values �ti, i= 1, 2, . . . , kt are defined si-
multaneously as well. Only one number of the clock is shown by the clock hand
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that is the clock time τ. The classical time structure in connection with a physically
real system behaves similarly: in this case, only one �ti of the mean values is per-
ceivable; it is �ti ffi τ.

The τ scale
There is no ensemble of τ values in analogy to the ensemble of t values at the t
scale. The value τ is not a state of an existing ensemble of τ states. Only the actual
value τ is existent but not values, which are smaller and larger than τ.

The reason is obvious. The wave function Ψðx, y, z, tÞ describes a physically real
object or process in basic reality; therefore, Ψðx, y, z, tÞ reflects properties of basic
reality. However, the wave function Ψðx, y, z, tÞ does not exist in this form in basic
reality, and this is because space and time, that is, x, y, z, t, are not elements of
basic reality.

In contrast to that, the time τ has no counterpart in basic reality; τ is an “inven-
tion” of the human being’s mind and serves as a selection entity and appears in
processing the basic reality information, which is given in compressed form in the
mind (see Chapters 4 and 5). The pulled information from basic reality through the
tools of evolution is treated and selected in terms of τ. Thus, there is no really exist-
ing τ ensemble installed in the mind, but the mind needs τ only then if there is ac-
tually something to process that comes from basic reality. The time τ serves for the
representation of physically real information, that is, it is used by the mind for the
representation of physical reality in proper form.

6.6.4 The transition from quantum states to classical behavior

The transition from quantum behavior to classical states is accomplished through
the introduction of an interval 2ε with ε≠0. So, instead of τ ε=0ð Þ we have τ± ε.

In the case of τ ε=0ð Þ the world behaves quantum-like: we have at each time τ
one value for the system-specific time t, which is given with a definite probability
that is expressed by Ψ*ðrc, tÞΨðrc, tÞ for constant values xc, yc, zc. There is an infinite
number of quantum states with respect to t within the range between ta and tb,
where the probability density Ψ*ðrc, tÞΨðrc, tÞ is not zero:

ti, i= 1, 2, . . . ,∞ (6:138)

On the other hand, in the case of ε≠0 we have τ± ε and, in accordance with the
statements given above, we obtain kt mean values �t:

�ti, i= 1, 2, . . . , kt (6:139)

These mean values are identical with the classical time, which is outlined in
Section 6.6.2.
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There are two blocks with respect to time, the τ block and the t block. Both
have a width of 2ε. The τ block moves in steps of 2ε along the t scale; the �t value
also proceeds in steps of 2ε whereby all kt �ti values exist simultaneously.

In practical cases of everyday life we always work with τ± ε (ε≠0), where ε≠0
reflects the observation resolution. Thus, we always perceive the physically real
world outside as classical entity and, in analogy to eq. (6.12), we have

ti ! ti cl =�t (6:140)

This is in fact the behavior, which we experience in everyday life. For each resolu-
tion ε≠0, we perceive a classical world.

In Figure 6.4, the entire scenario in connection with the transition from quan-
tum to classical behavior is summarized.

6.6.5 Quantum behavior of the reference time

Where does the τ block come from? Clearly, also the reference time τ must be based
on quantum effects. Such a quantum treatment with respect to τ has been done in
Ref. [81]. Then, the clock itself would be a “quantum clock” and would show a
quantum reference time, which we denote here by the Greek letter κ.

The value κ has, as usual, a probability character and the probability density
Ψ*ðκÞΨðκÞ is in the center [81]. This quantum clock shows, for example, the value κ′
and, simultaneously, the system under investigation takes the system-specific time
t′ for which the probability density is given by Ψ*ðrc, t′ÞΨðrc, t′Þ.

The reference time τ used so far is then a mean value, defined by the variable κ
which is given in the range for which the probability density Ψ*ðκÞΨðκÞ is not zero:
Ψ*ðκÞΨðκÞ≠0. This package Ψ*ðκÞΨðκÞ≠0 moves in a strict direction from the past
to the future and the mean value τ takes successively the values

τ1, τ2, τ3, . . . , τi, . . . (6:141)

with

τ1 < τ2 < τ3 < . . . < τi < . . . (6:142)

as we already outlined in Chapter 1 [eqs. (1.44) and (1.45)].
The τ block itself with a width of 2ε is defined by “one” time value, which is the

mean value �κ of κ. The κ values in the interval 2ε are distributed over the complete
range of Ψ*ðκÞΨðκÞ≠0. We exactly had the same effect with respect to the system-
specific time t (see Section 6.6.4). Then, we get

τ= �κ (6:143)

Again, the τ block proceeds in steps of 2ε on the t scale.
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6.7 Classical behavior of space and time

6.7.1 Statistical behavior in four dimensions

In Section 6.6.1, the system-specific time t has been treated for the constant space
coordinates xc, yc, zc. In this case, we have for the probability density the function
Ψ*ðrc, tÞΨðrc, tÞ with rc = ðxc, yc, zcÞ. In general, the space variables x, y, z are not con-
stant and behave statistically as well, like the system-specific time t.

One value of the four x, y, z, t is given at clock time τ with a definite probability
that is proportional to the probability density Ψ*ðr, tÞΨðr, tÞ with r= ðx, y, zÞ. The
probability density is assumed to be zero for

x< xa, y< ya, z < za, t < ta (6:144)
and

x> xa, y> ya, z > za, t > ta, t > tb (6:145)

with

xa ≠ −∞, ya ≠ −∞, za ≠ −∞, ta ≠ −∞ (6:146)

and

xb ≠∞, yb ≠∞, zb ≠∞, tb ≠∞ (6:147)

In other words, we consider the physically real objects and the entire world as finite
entities. With eqs. (6.144) – (6.147) we have

Ψ*ðx, y, z, tÞΨðx, y, z, tÞ≠0
xa ≤ x≤ xb, ya ≤ y≤ yb, za ≤ z ≤ zb, ta ≤ t ≤ tb

(6:148)

This is exactly the situation given by eq. (6.126) with respect to time, which is here
extended to space and time.

Daily life situations
In daily life, we do not observe definite values x, y, z, t at clock time τ as probability
distribution, which is given by the probability density Ψ*ðr, tÞΨðr, tÞ. Instead, a
human being observes at τ the entire space structure of his/her environment, that
is, all the details of the environment are given at the same clock time τ. Everything
at once so to speak.

How is this situation described within the frame of the projection principle?
The answer is relatively simple. In order to show that, we have to work with the ε
effect (Section 6.1).
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The ε effect in four dimensions
In the case of τ± ε the situation with respect to x, y, z, t is different from the case
described through eq. (6.130). This is an extended form of what we have treated in
connection with the time t treated in Section 6.6.1.

There is an infinite number of τ values within the interval 2ε. Thus, we have an
infinite number for each of the variables x, y, z, t for which the probability densities
Ψ*ðr, tÞΨðr, tÞ are cognizant. They are existent through an infinite number of proba-
bility densities Ψ*ðr, tÞΨðr, tÞ in the intervals

xb − xa, yb − ya, zb − za, tb − ta (6:149)

That is, the infinite number of τ values within the interval 2ε creates an infinite
number for each of the variables x, y, z, t, which are distributed over the entire
space-time range for which the probability density is not zero [see eq. (6.148)].
Thus, instead of eq. (6.130) we have

τ!∞ in 2ε
+

x, y, z, t! ∞ in ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ, ðtb − taÞ
(6:150)

What is the condition for ε in this case? The interval 2ε≠0 contains an infinite num-
ber of τ values, but it can be arbitrarily small. The value for ε may even be close to
zero and contains, nevertheless, also for this case an infinite number of τ values
(real numbers).

The number of states
In the next step in our analysis, we want to consider the small space–time segments

εx, εy, εz, εt (6:151)

These segments refer to the variables x, y, z, t. Each variable is enclosed by intervals
of widths 2εx, 2εy, 2εz. In other words, in addition to time t we also treat the space
coordinates x, y, z in terms of the space segments εx, εy, εz. Also the εx, εy, εz, εt raster
can be introduced for theoretical reasons, but can also come into existence through
resolutions within the frame of observations.

As an example, let us choose the set xi, yi, zi, ti We have intervals around
xi, yi, zi, ti that are given by

xi ± εx, yi ± εy, zi ± εz, ti ± εt (6:152)

Each space variable xi, yi, zi, ti is enclosed by the intervals 2εx, 2εy, 2εz, 2εt. We as-
sume that the quantities εx, εy, εz, εt are not zero:

εx ≠0, εy ≠0, εz ≠0, εt ≠0 (6:153)
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If we choose the number of intervals within the four intervals as free parameters,
then the four segments εx, εy, εz, εt are given by

ðxb − xaÞ=kx = 2εx
ðyb − yaÞ=ky = 2εy
ðzb − zaÞ=kz = 2εz
ðtb − taÞ=kt = 2εt

(6:154)

With eqs. (6.146), (6.147) and (6.150) we obtain

kx ≠∞, ky ≠∞, kz ≠∞, kt ≠∞ (6:155)

As in the case of t (Section 6.6.1), the number of x, y, z, t states within the total range
is infinity. Thus, the number of states within each of the intervals 2εx, 2εy, 2εz, 2εt
must be infinite as well (we have ∞=k =∞ for k ≠∞, see also Section 6.6.1). Thus,
instead of eq. (6.132) we have

τ± ε:
x, y, z, t !∞ inðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ, ðtb − taÞ

+
x, y, z, t! ∞ in 2εx, 2εy, 2εz, 2εt

(6:156)

What are the conditions for the segments εx, εy, εz, εt? Each of the four segments
contains an infinite number of x, y, z, t values. This property is independent on the
magnitude of the segments εx, εy, εz, εt; they can be arbitrarily small. The values for
εx, εy, εz, εt may even be close to zero and contain also for this case an infinite num-
ber of values (real numbers).

6.7.2 Classical states

If we define mean values in connection with the values within εx, εy, εz, εt, we get
mean values �x, �y,�z,�t for the x, y, z, t points that are enclosed by the segments
εx, εy, εz, εt. These mean values are given at each time τ± ε with “certainty.” That is,
there is no longer a probability distribution because all these x, y, z, t points exist simul-
taneously at time τ± ε. That is, the wave function is eliminated, as in the case of the
system-specific time (Section 6.6.1). There are no longer quantum characteristics, and
this situation defines the classical case. The mean values τ± ε express the coordinates
and the time in classical form, which we want to denote by xcl, ycl, zcl, tcl and we have

�x= xcl,�y= ycl,�z = zcl,�t = tcl (6:157)
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The case at τ± ε together with the segments εx, εy, εz, εt always leads to classical be-
havior. This property is independent on the magnitude of the segments ε, εx, εy, εz, εt.
They can be arbitrarily small. The values for ε, εx, εy, εz, εt may even be close to zero.

6.7.3 Block behavior with respect to time and space distributions

In connection with the segment εt we have an infinite number of t values: ti, i= 1, 2,
. . . ,∞ within 2εt. For each ti, a wave function Ψðx, y, z, tiÞ, i= 1, 2, . . . ,∞ is defined.
Thus, within the segment 2εt there is an infinite number of values for the system-
specific time and an infinite number of space distributions (probability densities):

2εt ! ti, Ψ*ðx, y, z, tiÞΨðx, y, z, tiÞ
i= 1, 2, . . . ,∞

(6:158)

In Section 6.6.1, we formulated some principal remarks concerning the block behav-
ior. Let us apply these principles also to the four-dimensional case given in connec-
tion with eq. (6.157).

Let us denote the wave function at constant ti by Ψiðx, y, zÞ, i.e., we use instead
of Ψðx, y, z, tiÞ the notation Ψiðx, y, zÞ:

Ψðxi, yi, zi, tiÞ ! Ψiðx, y, zÞ (6:159)

In the following, we will analyze the block-behavior with respect to the system-spe-
cific time and with respect to the probability density.

Mean properties
The use of τ± ε instead of τ means that there is no τ value within the 2ε interval is
soluble. The observational period of 2ε cannot be shortened. Then the observer re-
cords all what is within the segment 2ε, but he/she cannot resolve the details. He
records all at once. This is the task of the τ block. This situation is described for the
time t in Section 6.6.1, but not for the four-dimensional case.

All the τ values within the 2ε interval are defined as “one” block. This 2ε
block acts as unified whole. The 2ε block overlaps with the t scale and generates
a mean value �t and a mean value for the probability density �Ψ*ðx, y, zÞ�Ψðx, y, zÞ.
These mean values refer to the t block on the t scale, which has the width of
2εt = 2ε (Section 6.6.1).

This is the conception. In other words, in 2εt there is an infinite number of 2εt
states and an infinite number of probability densities [see eq. (6.158)], but the
human observer cannot resolve them. However, he/she experiences all at once in
the form of “blocks” defined through a segment of width 2εt = 2ε.

In the four-dimensional case, there are two blocks: one block is expressed by
the mean value �t, which is generated on the basis of all t within 2εt, and the second
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block is expressed by the mean probability density �Ψ*
i ðx, y, zÞ�Ψiðx, y, zÞ, which is

generated on the basis of all Ψiðx, y, zÞ, also located within 2εt.
Again, in 2εt there is an infinite number of t states and an infinite number of

probability densities [eq. (6.158)]. But the human observer experiences “all at once”
in the form of “blocks” within the segment 2εt, and there are two blocks, which are
expressed by the mean values �t and �Ψ*

i ðx, y, zÞ�Ψiðx, y, zÞ.
The τ block is only able to recognize the ti values and the Ψ*ðx, y, z, tiÞ

Ψðx, y, z, tiÞ functions, localized in 2ε, as blocks and it cannot dissolve single ti
values and also not single probability densities Ψ*ðx, y, z, tiÞΨðx, y, z, tiÞ. That is,
the unified whole (the τ block) “sees” the ti values and the Ψ*ðx, y, z, tiÞΨðx, y, z, tiÞ
distributions all at once as mean properties. These mean properties refer to the
2εt interval, which the τ block overlaps. The τ block does not “see” single t val-
ues and single Ψ*ðx, y, z, tiÞΨðx, y, z, tiÞ distributions. The τ block acts as a unified
whole, so to speak.

Distributions in space
For all t states between τi − ε and τi + ε we get an infinite number of x, y, z distribu-
tions with

Ψ*
i ðx, y, zÞΨiðx, y, zÞ (6:160)

with

xa ≤ x≤ xb, ya ≤ y≤ yb, za ≤ z ≤ zb (6:161)

The block behavior effectuates the following situation: instead of an infinite num-
ber of t values we get “one” mean time value �t and, furthermore, instead of an infi-
nite number of �Ψ*ðx, y, zÞ�Ψðx, y, zÞ distributions we get “one” mean distribution
function �Ψ*ðx, y, zÞ�Ψðx, y, zÞ:

τi ± ε:
�ti

�Ψ*
i ðx, y, zÞ�Ψiðx, y, zÞ, xa ≤ x≤ xb, ya ≤ y≤ yb, za ≤ z ≤ zb

( )
(6:162)

We have one �t value for each segment 2εt and we have one probability density
�Ψ*ðx, y, zÞ�Ψðx, y, zÞ for each segment 2εt.

However, there is still a certain probability for the values x, y, z that exist in the
ranges xa ≤ x≤ xb, ya ≤ y≤ yb and za ≤ z ≤ zb, which is described by the mean proba-
bility density �Ψ*ðx, y, zÞ�Ψðx, y, zÞ. The situation is represented in Figure 6.5 and once
again in clearly arranged form in Figure 6.6.

The �t states outside the segment 2εt are quantum mechanical in character. This
is the case for ta ≤ t < taτ i and tbτi < t ≤ tb, whereby taτ i is the lower limit of the seg-
ment 2εt and tbτ i is its upper point (see also Figure 6.5).
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The τ block moves from small to large τ values, which corresponds to our
clocks. The next step with respect to τ± ε is within the segment given by the limits
τi+ 1 − ε and τi+ 1 + ε. Here we have the mean value �ti+ 1 and the mean function
�Ψ*
i+ 1ðx, y, zÞ�Ψi+ 1ðx, y, zÞ.

6.7.4 Block behavior in space and time

The use of τ± ε instead of τ means that none of the τ values within the 2ε interval is
soluble. Then, the observer records all what is within the segment 2ε, but he/she can-
not resolve the details. He records all at once. The segment cannot be subdivided into
parts. In other words, the observational period of 2ε cannot be shortened.

So far, we have studied the block behavior with respect to time t and in connec-
tion with distribution functions. For each 2εt interval, there is a mean value �t for the
time and a mean probability density �Ψ*ðx, y, zÞ�Ψðx, y, zÞ for the x, y, z values. The

t

τ ± ε :

τ ± ε2ε

Ψi (x, y.z), i = 1,2,...,kt 

τm : tm, m = 1,2,..., ∞ 

Ψ i (x, y.z)∗

Ψ i Ψi 
x, y, z

ta tb

∗

ti

τi – εt

τi 

τi + εt

tbτitaτi
−

τi → ti τi → ti

ti,

Figure 6.5: On transition from quantum states to classical behavior within the projection theory.
The variables x, y, z, t of physically real objects (systems), which belong to the human observer’s
environment, are observed at clock time τ with a certain probability. On the other hand, when we
admit a time interval ε around each τ, we get τ blocks as well as t blocks, having the widths ε and
εt with εt = ε. The clock time τ ± ε moves in steps of 2ε along the t scale, that is, the whole τ block
moves and overlaps the t scale, but could in principle move continuously. The block behavior
effectuates that only “one” value for the time and “one” function for the probability distribution is
observable for each t block, and these are given by the mean value �t and the mean function
�Ψ*ðrÞ�ΨðrÞ with respect to the t interval 2εt . In the figure, we have �ti and �Ψ*

i ðrÞ�ΨiðrÞ at τi ± ε. This
moving τ block only recognizes the ti values and the functions Ψ*ðr, tiÞΨðr, tiÞ in 2ε≠0 as a block
and not in the form of single entities. In this way, we get the mean values �t and �Ψ*ðrÞ�ΨðrÞ, which
belong to a 2εt interval. There is a perception process of mean values in the interval ðtb − taÞ, but
only for various times τ ± ε.and the respective intervals 2εt . Outside the interval 2εt the τ block is
not effective and there are strict quantum states: τm ! tm. This is the case for ta ≤ t < taτi and
tbτi < t ≤ tb, whereby taτi is the lower limit of the segment 2εt and tbτi is its upper point. In the case
of ε=0 we have single quantum states xm, ym, zm, tm, m= 1, 2, . . . ,∞, within the entire range ðtb − taÞ.
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variables x, y, z still behave like quantum entities. However, the time exists in this
case not as a quantum variable.

The impact of the τ lock on the coordinates x, y, z
In the observations of daily life, we have a macroscopic world before our eyes. In this
situation, not only the time behaves macroscopically, but the x, y, z values as well.

How can we go from the quantum states for the coordinates to x, y, z values that
are macroscopic in character? Besides the block property τ± ε we introduce in addi-
tion the segments εx, εy, εz for the x, y, z variables.

As in the case of ε and εt, the εx, εy, εz raster can be introduced for theoretical
reasons, but can also come into existence by resolutions within the frame of
observations.

The τ block is by definition in the τ± ε state. The τ block is for the “observa-
tion” of physically real objects and systems, respectively. The block behavior itself
is also applied on the space variables x, y, z, that is, it acts as a unified whole on the
x, y, z variables as well. In other words, the τ block not only acts on the time t but
also on the coordinates x, y, z.

Formulation in accordance with experiences in daily life
The following has to be considered: human beings experience their environment
(trees, houses, etc.) at clock time τ, that is, all the objects in the large space around us

t

quantum states quantum states

x, y, z

ti

t < τi – 2ε : t > τi + 2ε :

τi ± ε

−

Ψi (x, y, z)Ψ i (x, y, z)∗

Figure 6.6: Due to the action of the τ block, we have mean values �t for the time and for the
probability densities �Ψ*ðx, y, zÞ�Ψðx, y, zÞ. That is, there are mean probability distributions for the
variables x, y, z. That is, the variables x, y, z still behave like a quantum quantity. The time exists in
this case not as a quantum element but is here a classical entity. At τi ± ε there is a mean value �ti
for the time and a mean function �Ψ*ðx, y, zÞ�Ψðx, y, zÞ. 2εt . Outside the interval 2εt the τ block is not
effective and there are strict quantum states.
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are recorded simultaneously at time τ (τ± ε). We have defined the coordinates x, y, z of
the space through the ranges xa ≤ x≤ xb, ya ≤ y≤ yb, za ≤ z ≤ zb [see eq. (6.154)]. The
space, experienced in daily life, can be described in this way.

Let us treat the coordinates x, y, z on the basis of the x, y, z scales of the mean
probability density �Ψ*ðx, y, zÞ�Ψðx, y, zÞ. This is bidden because the block behavior
for the time t has already been considered in �Ψ*ðx, y, zÞ�Ψðx, y, zÞ.

Treatment
These x, y, z scales of the mean probability density are subdivided into intervals of
widths 2εx, 2εy, 2εz. As we have outlined in Section 6.7.1, we get kx intervals with 2εx
on the x scale and ky intervals with 2εy on the y scale, and the number of intervals
with 2εz on the z scale is kz. However, we have only one interval of width 2εt for the
time t when the system is in the state τ± ε.

Within each of these intervals 2εx, 2εy, 2εz, there is an infinite number of states.
But the block behavior effectuates that only one value per interval is recognizable,
that is, we get for each interval one value, which is the mean value.

At each time τi ± ε we get a set of mean values for the coordinates:

�x1, i, �x2, i, . . . , �xkx , i
�y1, i,�y2, i, . . . , �yky , i
�z1, i,�z2, i, . . . ,�zkz , i

(6:163)

In addition, there is the mean time �t at τi ± ε. All these mean values, expressed by
eq. (6.163) and �t, exist at τi ± ε simultaneously and, furthermore, they exist with
certainty.

Also here, all the τ values within the 2ε interval are defined as “one” block. This
τ block acts as a unified whole. The τ block overlaps with the t scale and generates a
mean value �t and a mean value for the probability density �Ψ*ðx, y, zÞ�Ψðx, y, zÞ. This
mean value and the mean function refer to the t block on the t scale, which has the
width of 2εt = 2ε. But, due to 2εx, 2εy, 2εz, there is an additional block effect with re-
spect to the coordinates x, y, z that is treated in connection with �Ψ*ðx, y, zÞ�Ψðx, y, zÞ.

The τ block also acts as a unified whole on the space variables x, y, z and not only
on the time t. Again, there are kx intervals on the x scale and ky intervals on the y
scale, and the number of intervals on the z scale is kz. However, for the time t only one
interval 2εt = 2ε exists at τ± ε on which the τ block acts simultaneously.

All mean values exist simultaneously and with certainty
The τ block acts at τ± ε and is effective within the range τ− ε and τ+ ε. During this
time segment, the τ block acts “simultaneously” on all the k intervals with
k = kx ky kz and generates all the possible mean values for the coordinates. This en-
semble of mean values exists simultaneously. This is due to property (6.156).
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The mean values for the space coordinates, defined by eq. (6.163), and the
mean value �t for the time exist at τ± ε with “certainty” and “simultaneously.” This
is compatible with everyday life experiences.

Again, the x, y, z scales are subdivided into intervals of the widths 2εx, 2εy, 2εz
leading to k intervals for the coordinates x, y, z, but there is one interval for the sys-
tem-specific tscale. Within each interval of these segments, there is an infinite num-
ber of values.

It is characteristic for the behavior of the τ block that it can “see” at τ± ε for
each interval only “one” characteristic value. This characteristic value is the mean
value, that is, the τ block records the infinite number of coordinates “all at once”
and generates in this way a mean value. There are k= kx ky kz intervals for the coor-
dinates (Section 6.7.1) and one for the time. Therefore, there are k mean values for
the coordinates and one mean value for the time. All mean values are generated
simultaneously and exist with certainty.

6.7.5 Classifications

The reference time τ± ε moves in steps of 2ε from small to large values and selects
space structures. A human being can only recognize one space structure at time
τ± ε and this space structure varies with increasing τ± ε:

τ1 ± ε, τ2 ± ε, . . . , τi ± ε, . . .
τ1 < τ2 < . . . < τi < . . .

(6:164)

For times smaller or larger than τ± ε, the physically real world is not perceivable
for human beings, but it exists.

At τ± ε the τ block is effective and generates mean values x, y, z, t for the coordi-
nates and the time, which have to be interpreted as classical quantities. For times
smaller and larger than τ± ε, the τ block is not effective, and the physically real
systems of the environment behave quantum mechanically.

Step i
For example, in the case of τi ± ε the world is perceivable but not for τn ± ε with
n= 1, 2, . . . , i− 1 and n= i+ 1, i+ 2, . . . , kt, although the world exists simultaneously
also for these times. We have three regions:

Region 1
We have a probability distribution for the variables x, y, z, t within the ranges
xa ≤ xm ≤ xb, ya ≤ ym ≤ yb, za ≤ zm ≤ zb and ta ≤ tm < taτi , whereby the time taτi is lower
limit of the τ block of width 2ε, that is, taτi is given by taτi = τi − ε. We have
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xm, ym, zm, tm  Ψ*ðxm, ym, zm, tmÞΨðxm, ym, zm, tmÞ
m= 1, 2, . . . ,∞
xa ≤ xm ≤ xb, ya ≤ ym ≤ yb, za ≤ zm ≤ zb, ta ≤ tm < taτi

(6:165)

In these ranges, the object or the entire environment is a strict quantum system.
The τ block is not effective, that is, no observation takes place. The τ block is for
the observation of the physically real world, and human beings observe the world
exclusively at τi ± ε.

Region 2
The τ block is effective within the interval 2ε= ðτi + εÞ− ðτi − εÞ, and the human
being observes mean values, which are classical in character. The following scheme
is valid:

τi ± ε

+

ti, Ψ *ðx, y, zÞi Ψðx, y, zÞi
�x1, i, �x2, i, . . . , �x kx , i

�y1, i, �y2, i, . . . , �yky , i
�z1, i,�z2, i, , . . . , �zkz , i

8>><
>>:

(6:166)

ti ( ti � ε, t1 + ε
x m, i ( xm, i − εx, xm, i + εx
y m, i ( ym, i − εy, ym, i + εy
z m, i ( zm, i − εz, zm, i + εz
m= − 1, 2, . . ., kx, ky, kz

The observation process leads to a complete set of mean space values and one mean
value for the system-specific time.

Region 3
As in the case of region 1, we have probability distribution for the variables x, y, z, t
within the ranges xa ≤ xm ≤ xb, ya ≤ ym ≤ yb, za ≤ zm ≤ zb and tbτi < tm ≤ tb, whereby the
time tbτi is the upper limit of the τ block of width 2ε, that is, tbτi is tbτi = τi + ε. We have

xm, ym, zm, tm  Ψ*ðxm, ym, zm, tmÞΨðxm, ym, zm, tmÞ
m= 1, 2, . . . ,∞
xa ≤ xm ≤ xb, ya ≤ ym ≤ yb, za ≤ zm ≤ zb, tbτi < tm ≤ tb

(6:167)

In these ranges, the physically real entities are strict quantum systems. The τ block
is not effective, that is, no observation takes place. Again, the τ block is for the
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observation of the physically real world, and human beings observe the world ex-
clusively at τi ± ε.

Step i + 1
When we go a step further, from τi ± ε to τi+ 1 ± ε with τi+ 1 ± ε> τi ± ε, exactly the
same laws are valid. Instead of eqs. (6.165), (6.166) and (6.167), the following rela-
tions are relevant:

Region 1
xm, ym, zm, tm  Ψ*ðxm, ym, zm, tmÞΨðxm, ym, zm, tmÞ
m= 1, 2, . . . ,∞
xa ≤ xm ≤ xb, ya ≤ ym ≤ yb, za ≤ zm ≤ zb, ta ≤ tm < taτi+ 1

(6:168)

The time taτi+ 1 is a lower limit of the τ block of width 2ε, that is, taτi+ 1 is given by
taτi+ 1 = τi+ 1 − εt (εt = ε).

Region 2
τi+ 1 ± ε

+

ti+ 1, Ψ *ðx, y, zÞi+ 1 Ψðx, y, zÞi+ 1

�x1, i+ 1, �x2, i+ 1, . . . , �x kx , i+ 1

�y1, i+ 1,�y2, i+ 1, . . . , �yky , i+ 1

�z1, i+ 1,�z2, i+ 1, . . . ,�zkz , i+ 1

8>><
>>:

(6:169)

ti+ 1 ( ti+ 1 � ε, ti+ 1 + ε
x m, i+ 1 ( xm, i+ 1 − εx, xm, i+ 1 + εx
y m, i+ 1 ( ym, i+ 1 − εy, ym, i+ 1 + εy
z m, i+ 1 ( zm, i+ 1 − εz, zm, i+ 1 + εz
m= 1, 2, . . ., kx, ky, kz

Region 3
xm, ym, zm, tm  Ψ*ðxm, ym, zm, tmÞΨðxm, ym, zm, tmÞ
m= 1, 2, . . . ,∞
xa ≤ xm ≤ xb, ya ≤ ym ≤ yb, za ≤ zm ≤ zb, tbτi + 1 < tm ≤ tb

(6:170)

The time tbτi+ 1
is the upper limit of the τ block of width 2ε, that is, tbτi+ 1

is
tbτi+ 1

= τi+ 1 + εt (εt = ε).
The situations in connection with step i is illustrated in Figure 6.7 (a) and with

respect to step i+ 1 in Figure 6.7 (b).
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Figure 6.7: The τ block is for the observation of physically real systems. There are three regions. The τ
block is not effective within two regions (regions 1 and 3); the system behaves here strictly quantum
mechanically. These situations are described by eqs. (6.165) and (6.167) in the case of (a) and by eqs.
(6.168) and (6.170) in the case of (b). In region 2 the τ block is effective and we get macroscopic states
in the form of mean values. This is described by eq. (6.166) in (a) and by eq. (6.37) in (b).
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6.8 Observational features

In everyday life, human beings observe the environment in the form of trees,
houses, cars and so on. These are objects that are not observed in their quantum
states but appear in macroscopic form before our eyes. From our statements in
Section 6.7 directly follows that these macroscopic states are based on quantum
states and become real when the τ block is effective. All objects before us appear
simultaneously and this is described through the application of the τ block. That is,
the macroscopic appearance comes into existence by observations. In this section,
we want to deepen this view.

6.8.1 Block behavior in four dimensions: Overview

The use of τ± ε instead of τ means that no τ value within the 2ε interval can be
dissolved. All the τ values within the 2ε interval are only defined as “one” block.
This τ block acts as a unified whole consisting of an infinite number of τ values,
which the 2ε interval contains.

The following points are essential in the case of the four-dimensional
space–time. A brief summary is given:
1. We remarked earlier that an infinite number of τ values within the interval 2ε

creates an infinite number for each of the variables x, y, z, t, which are distributed
over the entire space–time range for which the probability density exists [see
eq. (6.138)]:

τ− values

in 2ε
#
∞

8>>>><
>>>>:

9>>>>=
>>>>;
)

x, y, z, t − values

in ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ, ðtb − taÞ
#
∞

8>>>><
>>>>:

9>>>>=
>>>>;

(6:171)

The ranges with respect to τ and x, y, z, t are equally occupied by an infinite
number of states.

2. Since the number of x, y, z, t states within the total range is infinity, also the
number of states within each of the subintervals 2εx, 2εy, 2εz, 2εt must be infinity
as well; we have ∞=k=∞ for k ≠∞.

3. If the interval 2εx, 2εy, 2εz, 2εt are sufficiently small, the information about the
system is (almost) complete, that is, the Ψ*ðr, tÞΨðr, tÞ distribution is closely
packed with any precision; here all four dimensions x, y, z, t are concerned.
Each of the intervals (the numbers are given by kx, ky, kz, kt) contains an infinite
number of x, y, z, t states where the widths 2εx, 2εy, 2εz, 2εt may be arbitrary but
different from zero.
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4. The system is observed at time τ± ε ffi τ, but the entire x, y, z, t range is recorded
at τ± ε ffi τ. This corresponds to what we observe in everyday life: we experi-
ence the entire space structure [ðx, y, zÞ structure] of the environment at clock
time τ (τ± ε ffi τ), which is identical with the mean time �t and the classical time
tcl, respectively. Thus, we have

τ± ε ffi τ:
t ffi tcl =�t ffi τ
all x, y, zwithin ðxb − xaÞ, ðyb − yaÞ, ðzb − zÞ

(6:172)

As we already remarked in Section 6.6.1, the τ block overlaps with the t scale and the
overlap interval is 2εt and is of course identical with 2ε. The τ block is only able to
recognize the t values in the interval 2εt as a block and does not see any single t value
within 2εt. That is, the block defines a unified whole. Thus, the τ block records the infi-
nite number of t values within the 2εt interval “all at once” and defines “one” value
which expresses the mean value�t, which belongs to the t values within the 2εt interval.
Thus, we have a t block as well, together with the complete x, y, z structure as quoted
in eq. (6.148). There are no selections with respect to space; we have therefore no refer-
ence space entities λx, λy, λz (see Chapter 5) for the selection of x, y, z coordinates.

6.8.2 Objects and parts of the wave function

If the environment (physically real world) is representable as a unified whole, the
wave function is expressible through the variables r, t with r= ðx, y, zÞ and we have
Ψðr, tÞ. The behavior of such kind of wave function has been investigated in
Sections 6.7.1–6.7.5.

Partitions
We would like to assume that the wave function Ψðr, tÞ is separated into N parts,
and each part is symbolized together with its r, t ranges by rj, tj, where j marks one
of the N parts. Then, we have

r1, t1, r2, t2, . . . , rN , tN (6:173)

and we formally get

Ψðr, tÞ ! Ψðr1, t1, r2, t2, . . . , rN , tNÞ
! Ψ1ðr, tÞ,Ψ2ðr, tÞ, . . . ,ΨNðr, tÞ

(6:174)

We have approximated the whole, expressed by Ψðr, tÞ by N objects, which interact
with each other.
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We admit again the segments 2εx, 2εy, 2εz, 2εt for each of these N parts. The τ—
block acts on all parts Ψjðr, tÞ, j= 1, 2, . . . ,N, simultaneously.

We have again three regions for each partition: two regions with quantum be-
havior (regions 1 and 3 in Figure 6.7) and one region in which the τ block acts
(region 2 in Figure 6.7).

In region 2 we therefore deal with observations; the observation of all N parts
takes place simultaneously and defined with certainty at each time τ± ε ffi τ. Thus,
instead of probability distributions for the variables x, y, z, t, the mean values �x, �y,�z,�t
for all N parts are observed. The mean values themselves are defined in steps of
2εx, 2εy, 2εz, 2εt in the course of time.

6.8.3 The various steps

The τ—block acts at τ1 ± ε, τ2 ± ε, . . ., τi ± ε, . . .. Due to ε, the clock-time moves in
steps of 2ε, i.e., we for example τ2 ± ε− τ2 ± ε= 2ε. (In principle, the clock time could
also move continuously.) Since there is a selection with respect to the time, at each
clock-time τi ± ε, there is one value for the mean time, but there are many mean val-
ues for the coordinates, which are different for different parts.

For example, at clock-time τi ± ε, there are the following allocations for the vari-
ous parts of Ψðr, tÞ:

Part 1
�x1, 1, i, �x1, 2, i, . . . , �x1, kx1 , i
�y1, 1, i, �y1, 2, i, . . . ,�y1, ky1 , i
�z1, 1, i,�z1, 2, i, . . . , �z1, kz1, i
ti

g Ψ1, iðr, tiÞ (6:175)

Part 2
�x2, 1, i, �x2, 2, i, . . . , �x2, kx1 , i
�y2, 1, i,�y2, 2, i, . . . ,�y2, ky1 , i
�z2, 1, i,�z2, 2, i, . . . , �z2, kz1, ....i
ti

..

.

g Ψ2, iðr, tiÞ (6:176)

Part N
�xN, 1, i, �xN, 2, i, . . . , �xN, kx1 , i
�yN, 1, i,�yN, 2, i, . . . ,�yN, ky1 , i
�zN, 1, i,�zN, 2, i, . . . , �zN, kz1 , i
ti

g ΨN, iðr, tiÞ (6:177)
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At clock time τi ± ε the complete information is given for each of the N parts in terms
of mean values �x,�y,�z,�t for the coordinates x, y, z and the system-specific time t. For
example, the mean value �x1, 1, i for the x coordinate refers to part 1 at time τi ± ε and,
furthermore, it refers to the first segment of the distribution within part 1. The total
number of x, y, z segments within part 1 and at time τi ± ε is k1, i = kx, 1, iky, 1, ikz, 1, i.

At time τi ± ε for all N parts, the mean value for the time is �ti. As we know, the
coordinates of the system are exclusively given in the form of mean values, which
are however not given as a continuous sequence of values, but in steps of
2εx, 2εy, 2εz. For example, the values �xN, 1, i, �xN, 2, i, �yN, 1, i,�yN, 2, i and �zN, 1, i,�zN, 2, i are
neighbors and their difference is

�xN, 2, i − �xN, 1, i = 2εx
�yN, 2, i − �yN, 1, i = 2εy
�zN, 2, i −�zN, 1, i = 2εz

(6:178)

Exactly, the same scheme holds when we go a step further in time, that is, from
τi ± ε to τi+ 1 ± ε. Then the information for the N parts of the wave function Ψðr, tÞ we
have the following allocations:

Part 1
�x1, 1, i+ 11, �x1, 2, i+ 1, . . . , �x1, kx1 , i+ 1

�y1, 1, i+ 1,�y1, 2, i+ 1, . . . ,�y1, ky1 , i+ 1

�z1, 1, i+ 1,�z1, 2, i+ 1, . . . ,�z1, kz1 , i+ 1

�ti+ 1

9>>>>=
>>>>;
Ψ1, i+ 1ðr,�ti+ 1Þ (6:179)

Part 2
�x2, 1, i+ 1, �x2, 2, i+ 1, . . . , �x2, kx1 , i+ 1

�y2, 1, i+ 1,�y2, 2, i+ 1, . . . ,�y2, ky1 , i+ 1

�z2, 1, i+ 1,�z2, 2, i+ 1, . . . ,�z2, kz1 , i+ 1

�z1, 2, i+ 1, . . . ,�z1, kz1 , i+ 1

�ti+ 1

9>>>>>>>=
>>>>>>>;
Ψ2, i+ 1ðr,�tiÞ

..

.

(6:180)

Part N
�xN, 1, i+ 1, �xN, 2, i+ 1, . . . , �xN, kx1 , i+ 1

�yN, 1, i+ 1,�yN, 2, i+ 1, . . . ,�yN, ky1 , i+ 1

�zN, 1, i+ 1,�zN, 2, i+ 1, . . . ,�zN, kz1 , i+ 1

�ti+ 1

9>>>>=
>>>>;
ΨN, i+ 1ðr,�tiÞ (6:181)
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In conclusion, the macroscopic information with respect to a physically real system
is given in terms of mean values.

Objects
Again, all that is valid for all the separate subsystems Ψ1ðr, tÞ, Ψ2ðr, tÞ, . . . ,ΨNðr, tÞ of
the wave function Ψðr, tÞ [see in particular eq. (6.174)]. There are kx, ky, kz, kt segments
[] and, due to the action of the τ block, the following are the mean values:

�x1, �x2, . . . , �xkx
�y1, �y2, . . . , �yky
�z1,�z2, . . . ,�zkz
�t1,�t2, . . . , −�tkt

(6:182)

All these values exist simultaneously with “certainty,” that is, there are no probability
distributions for them. The wave function is eliminated through the admission of the
segments 2εx, 2εy, 2εz, 2εt. In other words, the mean values are classical entities that we
want to denote by xcl, ycl, zcl, tcl instead of �x,�y,�z,�t. Then, instead of eq. (6.182) we obtain

xcl 1, xcl 2, . . . , xcl kx
ycl 1, ycl 2, . . . , ycl ky
zcl 1, zcl 2, . . . , zcl kz
tcl 1, tcl 2, . . . , tcl kt

(6:183)

In this case, the wave functions Ψ1ðr, tÞ,Ψ2ðr, tÞ, . . . ,ΨNðr, tÞ have to be replaced
through other characteristic functions Eðr, tÞ, Fðr, tÞ, . . . ,Gðr, tÞ:

Ψ1ðr, tÞ ! Eðr, tÞ
Ψ2ðr, tÞ ! Fðr, tÞ
..
.

ΨNðr, tÞ ! Gðr, tÞ

(6:184)

Each of the functions Eðr, tÞ, Fðr, tÞ,Gðr, tÞ can be interpreted as “objects,” which are
in general different from each other. Their particular meaning is explained in some-
what more detail in Figures 6.8 and 6.9.
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x ,y ,z

t

quantum states
(region 1)

Macroscopic states
(region 2)

E(r, t) ← Ψ1(r,t)

F(r, t) ← Ψ2(r,t)

xi, yi, zi, ti

t < τi − 2ε :

τi ± ε

τ ± ε

quantum states
(region 3)

t < τi − 2ε :

Figure 6.8: The wave function Ψðr, tÞ is separated into two parts Ψ1ðr, tÞ and Ψ2ðr, tÞ that are
interpreted as two objects. In regions 1 and 3, the τ block is not effective and there are strict
quantum-mechanical states. In region 2, the τ block creates macroscopic states expressed through
mean values. All these values exist simultaneously and with certainty. The components Ψ1ðr, tÞ and
Ψ2ðr, tÞ have to be replaced by classical functions Eðr, tÞ and Fðr, tÞ that describe the characteristics
of the macroscopic state. The objects Eðr, tÞ and F ðr, tÞ have a segment structure. The wave function
Ψðr, tÞ varies in the course of time τ ± ε. Thus, also the objects change their shape simultaneously
together with their relative four-dimensional position.

τ ε±

x,y,z

t

quantum states
t < τi − 2ε : t > τi − 2ε :

quantum states

Macroscopic state

E (r,ti )

F (r,ti)

τi , ti

Figure 6.9: The objects Eðr, tÞ and F ðr, tÞ in Figure 6.8 have a segment structure, but human beings
perceive them as “one” entity. In this way, we perceive macroscopic objects such as trees and
houses. The segment structures Eðr, tÞ and Fðr, tÞ in Figure 6.8 are replaced by geometrical objects.
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6.8.4 Example

In Figure 6.8 we discuss a specific example. Here the wave function Ψðr, tÞ is subdi-
vided into two parts and objects, respectively. Ψðr, tÞ is separated into two parts
Ψ1ðr, tÞ and Ψ2ðr, tÞ.

At τi ± ε, the τ block acts in region 2 and creates macroscopic states expressed
through mean values �xi,�yi,�zi,�ti, which have to be classified as classical in character.
The wave function is eliminated. The components Ψ1ðr, tÞ and Ψ2ðr, tÞ have to be re-
placed by classical functions Eðr, tÞ and Fðr, tÞ that describe the characteristics of the
macroscopic state of the physically real system. All these values exist simultaneously
and with certainty. In regions 1 and 3, the τ block is not effective and there are strict
quantum-mechanical states. In the figure, two parts of Ψðr, tÞ are shown in the mac-
roscopic approximation Eðr, tÞ and Fðr, tÞ and can be interpreted as objects. The num-
ber of segments concerning Eðr, tÞ is five and concerning Fðr, tÞ it is three. Each
segment i contains one set �xi,�yi,�zi,�ti. The steps between the mean values �x, �y,�z are
2εx, 2εy, 2εz. It is a representation for τi ± ε. The mean value for the time is here τi ± ε.

The wave function Ψðr, tÞ varies in the course of time τ± ε. Thus, also the objects
change their shape simultaneously together with their relative four-dimensional
position.

The objects Eðr, tÞ and Fðr, tÞ have a segment structure and, concerning the values
�xi,�yi,�zi,�ti, they are equivalent and exist simultaneously, that is the probability effect
due to the wave functions Ψ1ðr, tÞ and Ψ2ðr, tÞ is eliminated. Nevertheless, the func-
tions Eðr, tÞ and Fðr, tÞ are not only an ensemble of mean values, but they reflect the
properties of the objects as well. These properties in the macroscopic state reflect quan-
tum-mechanical features in the macroscopic approximation and are generated through
the transitions Ψ1ðr, tÞ ! Eðr, tÞ and Ψ2ðr, tÞ ! Fðr, tÞ [eq. (6.184)].

The objects Eðr, tÞ and Fðr, tÞ in Figure 6.8 have a segment structure, but human
beings perceive them as “one” entity. In this way, we perceive macroscopic objects
such as trees and houses. The segment structures Eðr, tÞ and Eðr, tÞ in Figure 6.8 are
replaced in Figure 6.9 by geometrical objects. The coordinates, describing the
shape of the geometrical structures, are experienced as continuous ensemble con-
sisting at time τ of the coordinates x, y, z. In general, the macroscopic states are
characterized through the following equivalencies:

�x! xcl ! x

�y! ycl ! y

�z! zcl ! z
�t ! tcl ! τ

(6:185)

The coordinates x, y, z describe the macroscopic body and they have in this case
nothing to do with quantum states.
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6.8.5 General statements

The functions Eðr, tÞ, Fðr, tÞ, . . . ,Gðr, tÞ are distributions for the description of the in-
ternal properties of the various objects. That is, the quantum-theoretical wave func-
tions are reflected in the classical distributions of properties, which define the
objects in everyday life. Again, all the objects, expressed by the functions
Eðr, tÞ, Fðr, tÞ, . . . ,Gðr, tÞ, exist at τ± ε with certainty. These objects can be trees,
house, cars and other objects, which are observed in everyday life in the macro-
scopic case. In Figure 6.9, the objects Eðr, tÞ and Fðr, tÞ are represented by geometri-
cal symbols.

The macroscopic state of the world moves through the sea of quantum states.
The τ block moves of course and not the world. The τ block is for the observation of
the world outside and it transforms the sea of quantum states into our usual space
impressions, which we have at clock time τ before us. Clearly, these impressions
are macroscopic in character.

This macroscopic world contains objects as trees, house, cars, and so on, and
they appear simultaneously and with certainty. As we recognized in Section 6.7, the
transition from the quantum states to the macroscopic states just generates cer-
tainty and simultaneousness.

At time τ, the quantum states are distributed over the entire x, y, z, t range that
are defined by the physically real object under investigation. The τ block effectuates
the transition to macroscopic properties and it selects space structures at certain t
states. We observe the t state, which is just given by the clock time τ (τ± ε). There is
no selection with respect to space, that is, we observe successively the complete
macroscopic x, y, z − distribution of the systems under observation at t = τ.

6.8.6 Nanosystems

From the point of view of the realistic projection principle, the structure and the
behavior of nanosystems have to be developed on the basis of the principles out-
lined in the last sections. When we enter the realm of nanoscience, we penetrate
actually deeper into the details of nature and, therefore, more sophisticated de-
scription elements have to be applied.

6.9 Selection of space structures

In Sections 6.7 and 6.8, the τ block acts on the quantum states and selects inces-
santly x, y, z structures in the course of time τ. The block behavior is the focus in the
preceding sections. In this section, we discuss the selection process without apply-
ing the τ block.
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What mechanism is responsible for the selection of the wave function Ψðx, y, z, τÞ
from the information Ψðx, y, z, tÞ? Ψðx, y, z, tÞ is completely given at each time τ± ε
within the interval ta ≤ t ≤ tb, where Ψðx, y, z, tÞ is not zero. The wave function
Ψðx, y, z, tÞ is existent at each time τ± ε, but we know that only the x, y, z structure at
time τ is experienced in the case of usual observations. Thus, the part Ψðx, y, z, τÞ is in
the foreground, which has to be selected from the complete information Ψðx, y, z, tÞ.
What mechanism is responsible for this selection process? In this section, we discuss
this point. This situation has already been discussed in Section 5.13 without using the
wave function.

6.9.1 The entire information

The system-specific time t is a quantum time and we have the following situation: at
time τ only one possible t is realized with a certain probability. However, if we consider
an infinitesimal time interval Δτ= ε, an infinite number of t values are occupied, that
is, the whole history (the complete past and future) of the system described within the
range Δt is existent given within the infinitesimal time interval Δτ= ε, where Δt reflects
the lifetime of the system under investigation. The complete probability distribution
Ψ*ðr, tÞΨðr, tÞ is given within the infinitesimal time interval Δτ= ε

This is the case for any τi ±Δτ, that is, the expression Ψ*ðr, tÞΨðr, tÞ is indepen-
dent of τ; it is stationary with respect to time τ. Thus, we state the following: despite
the statistical fluctuations, the whole of time structure of the physically real system,
that is, its past, present and future, is laid out frozen before a human observer. This
effect is also reflected in the raw information α (Section 5.13).

In other words, there is no direct connection between τ and the system-specific
time t. Therefore, for the understanding of the selection process we have to con-
struct a connection between τ and the system-specific time t because the existence
of τ is a matter of fact. This connection between the reference time τ and the sys-
tem-specific time t will be constructed in the next section.

Let us state once again that the time τ has primarily nothing to do with physi-
cally real systems, but only plays the role of a reference time and is realized by our
clocks which we use in everyday life.

6.9.2 Caught in space and time reference time and selection processes

Principal remarks
So far, there seems to be no connection between the clock time τ and the system-
specific time t. Despite the statistical fluctuations, at τ (or more precisely at τ ± ε)
the whole of time t, that is, the past, present and future, is laid out frozen before us:
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Ψ*ðx, y, z, tÞΨðx, y, z, tÞ
−∞< x, y, z <∞, −∞< t <∞

(6:186)

That is, at time τ ± ε the entire information is given all at once. This is valid for all
times τ. In other words, the reference time τ is not correlated to specific t values. From
this point of view, it would give no sense to introduce τ within the projection theory.

Such types of processes [defined by eq. (6.186)] could not create what we call
“time feeling.” The system-specific time t of the system under investigation jumps
statistically between the various t values without giving time a certain direction;
past, present and future cannot be defined through the system.

However, we know that the entire information (6.186) is not observed at clock time
τ± ε. Instead, we always observe only a certain space structure of reality at time τ± ε:

Ψ*ðx, y, z, t0ÞΨðx, y, z, t0Þ
−∞< x, y, z <∞

(6:187)

for t0 = τ. A usual photography represents at a certain time τ= t0 such a configura-
tion in space,

Why does nature work in this way? There is obviously a selection processes from
Ψ*ðr, tÞΨðr, tÞ to Ψ*ðr, t0ÞΨðr, t0Þ with r= ðx, y, zÞ [see eqs. (6.186) and (6.187)]? Why
does nature choose such selection processes? The answer is given by the princi-
ples of evolution. There is an important basic principle in connection with evolu-
tion: “As little outside world as possible.” Such a principle guarantees optimal
chances for survival. No doubt, this principle is clearly reflected in the transition
from Ψ*ðr, tÞΨðr, tÞ to Ψ*ðr, t0ÞΨðr, t0Þ and reflects a certain kind of selection. The
occurrence of the reference time τ is obviously one of the features for that.

6.9.3 Introduction of the reference system

How does nature organize the selection process? How comes the transition from the
situation defined by eq. (6.186) to that given by eq. (6.187) into existence? This can-
not be due to an internal transformation within the system alone, that is, without
the influence of an external impact. Besides the physically real system, only the ob-
server’s function appears within the frame of the observation of the system.
Therefore, the transition from Ψ*ðr, tÞΨðr, tÞ to Ψ*ðr, t0ÞΨðr, t0Þ must be due to an
interplay between the system, described by Ψðr, tÞ, and the observer’s influence. So
far, the observer’s function has been characterized only by one parameter: it is the
reference time τ that is measured by our clocks in everyday life. Clearly, only one
parameter (τ) is possibly not sufficient for the description of the interplay between
the system and the observer’s characteristics. How can we characterize the observa-
tion process more realistically?
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For this purpose, let us define a reference system that is produced inside the ob-
serving human being. Furthermore, let us formally describe the reference system by
the wave function Ψref ðtÞ and the probability distribution Ψ*

ref ðtÞΨref ðtÞ, respectively.
Clearly, also the time t in Ψref ðtÞ reflects a system-specific quantity. For simplicity,
we would like to assume that the reference system is not dependent on any position
r= ðx, y, zÞ. There is in fact no section process with respect to the coordinates x, y, z.

Within the frame of the projection principle, the source for the wave function
Ψref ðtÞ are energy fluctuations in reality [ðp,EÞ space] leading to an energy-dependent
wave function Ψref ðEÞ and a probability density Ψ*

ref ðEÞΨref ðEÞ. Ψref ðEÞ and Ψref ðtÞ
are connected also here by a Fourier transform as follows (see also Ref. [12]):

ψref ðEÞ=
1

ð2π�hÞ1=2
ð∞
−∞

ψref ðtÞ exp i
E
�h
t

� �
dt (6:188)

This means that we have at clock time τ two probability distributions, Ψ*
ref ðtÞΨref ðtÞ

and Ψ*ðx, y, z, tÞΨðx, y, z, tÞ: one for the description of the system-specific time of the
reference system and the other for the description of the time structure of the system
under investigation.

We may summarize that the reference system, described by Ψref ðtÞ, has essen-
tially two tasks:
1. to describe the nature of the reference time τ more specifically, and
2. to select Ψ*ðx, y, z, t0ÞΨðx, y, z, t0Þ from Ψ*ðx, y, z, tÞΨðx, y, z, tÞ [see eqs. (6.187)

and (6.188)].

We will recognize that both items are interconnected since selection is not possible
without the existence of a systematically varying reference time. First, let us discuss the
feature of the reference time in more detail. After that we have we will discuss the selec-
tion process.

6.9.4 Structure of reference time

The reference time τ runs monotonically from the past to the future. However, this
time feeling must also be due to a process (inside the observer) and therefore be-
longs also to the class of system-specific times.

However, this process might differ considerably from those treated within the
frame of traditional quantum theory. The reason is simple: within projection theory,
the equation for the determination of Ψ*ðx, y, z, tÞΨðx, y, z, tÞ [eq. (6.74)] is more gen-
eral than Schrödinger’s equation of traditional quantum theory because the function
Vðx, y, z, tÞ is more general; it contains the system-specific time t, which is not known
in usual quantum theory where the classical potential UðrÞ is used (Section 6.4). In
principle, Vðx, y, z, tÞ could even have an imaginary part. The appearance of the
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function Vðx, y, z, tÞ is a logical consequence when we work within the frame of the
projection principle (see also Section 6.1).

The distribution Ψ*
ref ðtÞΨref ðtÞ has been introduced in the last section. It de-

scribes the probability of finding a certain value t for the reference system in the in-
terval Δt around t is given. The probability is given by Ψ*

ref ðtÞΨref ðtÞΔt. In other
words, the system-specific reference time t becomes uncertain, and this is because
Ψ*

ref ðtÞΨref ðtÞ has a certain width Δτ. Thus, the reference time runs no longer strictly
from the past to the future as is suggested by our clocks used in everyday life.
However, we have to assume that the probability distribution Ψ*

ref ðtÞΨref ðtÞ for the
reference time should be a relatively sharp function and, furthermore, because the
time of our clocks τ runs monotonically from the past to the future, also the distribu-
tion Ψ*

ref ðtÞΨref ðtÞmust run monotonically from the past to the future and we have

Ψ*
ref ðtÞΨref ðtÞ ! Ψ*

ref ðτ− tÞΨref ðτ− tÞ (6:189)

We never measure the time τ but the quantum time t, and t is uncertain due to
Ψ*

ref ðτ− tÞΨref ðτ− tÞ. However, because the distribution Ψ*
ref ðτ− tÞΨref ðτ− tÞ can be

assumed to be a relatively sharp function, the system-specific reference time t
should be close to τ. Due to the existence of τ, the whole curve Ψ*

ref ðτ− tÞΨref ðτ− tÞ
moves strictly from the past to the future, but the values t for the reference time
fluctuate around τ.

A simple example from macroscopic realm illustrates that. For example, a mov-
ing car, having the velocity v, represents a strict sequence of configurations
Aðr− vτÞ, that is, we have for τ the strict sequence τ1 < τ2 . . .. But this example is
based on macroscopic observations. Therefore, in general, we have to admit a cer-
tain small width Δτ for Ψ*

ref ðτ− tÞΨref ðτ− tÞ.
We have outlined earlier that the source for the existence of the wave function

Ψref ðtÞ are energy fluctuations in reality, that is, within (p, E) space, and these fluctu-
ations lead to Ψref ðEÞ and Ψ*

ref ðEÞΨref ðEÞ, respectively. Ψref ðEÞ and Ψref ðtÞ are con-
nected by the Fourier transform (6.188). However, the law for the energy fluctuations
Ψ*

ref ðEÞΨref ðEÞ does not change when the function Ψref ðtÞ is shifted by τ. With

ϕref ðEÞ=
1

ð2π �hÞ1=2
ð∞
−∞

Ψref ðτ− tÞ exp − i
E
�h
t

� �
dt (6:190)

ϕref ðEÞ=Ψref ðEÞ exp − i
E
�h
τ

� �
(6:191)

we obtain

ϕ*
ref ðEÞϕref ðEÞ=Ψ*

ref ðEÞΨref ðEÞ (6:192)

That is, the expression Ψ*
ref ðEÞΨref ðEÞ is independent on τ. We have outlined in

Ref. [81] that Ψ*
ref ðEÞΨref ðEÞ is the relevant function.
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In summary, at time τ we have for the description of the reference time a proba-
bility distribution of the form Ψ*

ref ðτ− tÞΨref ðτ− tÞ. In principle, also the parameter τ
could behave statistically: in this case, the whole curve Ψ*

ref ðτ− tÞΨref ðτ− tÞ would
jump statistically without any systematic sequence for τ. However, this would lead to
problems with respect to observations and we do not want to consider this case here.

Here, we want to assume that τ is the time of our clocks and therefore runs system-
atically and monotonically from the past to the future. However, at the quantum level,
this time τ is not directly observable; we only observe t which is inherently uncertain,
and this uncertainty is described by Ψ*

ref ðτ− tÞΨref ðτ− tÞ. We assume here that
Ψ*

ref ðτ− tÞΨref ðτ− tÞ is a relatively sharp function, and t should be close to τ. Due to
the clock time τ the entire curve Ψ*

ref ðτ− tÞΨref ðτ− tÞ moves strictly from the past to
the future and, simultaneously, the values t for the reference quantum time fluctuate
around τ.

6.9.5 Selections

Convolution integral
We have outlined in Section 6.9.3 that the function Ψref ðtÞ for the reference system
should also be responsible for selection processes with respect to the system-specific
time for the system. In fact, the transition from Ψ*ðx, y, z, tÞΨðx, y, z, tÞ to Ψ*ðx, y, z, t0Þ
Ψðx, y, z, t0Þ can be explained with Ψref ðtÞ. In other words, the interplay between the
two systems (the reference system described by [Ψref ðtÞ,Ψref ðEÞ] and, on the other
hand, the system under investigation, described by the functions [Ψðx, y, z, tÞ,
Ψðx, y, z,EÞ] should lead to the necessary selection process. This process obviously
filters out the specific space–time configuration Ψ*ðx, y, z, t0ÞΨðx, y, z, t0Þ from the en-
tire information Ψ*ðx, y, z, tÞΨðx, y, z, tÞ.

How can we describe this selection process theoretically? The system under in-
vestigation is described in ðp,EÞ space by Ψðx, y, z,EÞ or in this case within the inter-
mediate ðr,EÞ space by Ψðx, y, z,EÞ. From Ψðpx, py, pz,EÞ we get the function
Ψðx, y, z,EÞ.

Through a Fourier transform (Section 6.1.3):

Ψðr,EÞ= 1

ð2π �hÞ3=2
ð∞
−∞

Ψðpx, py, pz,EÞ exp i
p
�h
· r

h in o
dpx dpy dp,

r= ðx, y, zÞ
(6:193)

We have two processes, one with respect to the reference system, described by
Ψref ðEÞ, and another characterized by Ψðr,EÞ. Both processes are independent of
each other and this feature can be formulated in the form
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ΨOðr,E,E′Þ=Ψref ðEÞΨðr,E′Þ (6:194)

However, in this case, the reference system would be decoupled from the physically
real system. The coupling can, however, be introduced if we assume that the ener-
gies E and E′ are strictly correlated at each time τ:

τ: E, E′= E (6:195)

Then, both systems are no longer independent of each other and can therefore be
formulated in the form of

ΨOðr,EÞ=Ψref ðEÞΨðr,EÞ (6:196)

Equation (6.196) leads to the effect of observation through the registration of
ΨOðr,EÞ and Ψ*

Oðr,EÞΨOðr,EÞ, respectively. The direct observations take place in
ðr, tÞ space. In other words, how is the information ΨOðr,EÞ transformed into ðr, tÞ
space, where our observations take place and where the selection (filtering) process
from Ψ*ðr, tÞΨðr, tÞ to Ψ*ðr, tOÞΨðr, tOÞ becomes evident?

Using the Fourier transform for ΨOðr, EÞ

ΨOðr,EÞ=
ð∞
−∞

ΨCONðr, τÞ exp i
E
�h
τ

� �
dτ

ð2π �hÞ1=2
(6:197)

or its inverse transformation

ΨOðr, τÞ=
ð∞
−∞

ΨCONðr,EÞ exp − i
E
�h
τ

� �
dE

ð2π �hÞ1=2
(6:198)

with
ΨCONðr, τÞ≡ΨOðr, τÞ (6:199)

We assume that the function ΨOðr, τÞ, which describes the coupled states between
the physically real system and the human observer, is not zero for τ values between
τa and τb:

ΨOðr, τÞ≠0, τa ≤ τ≤ τb (6:200)

From eq. (6.197) we immediately get a convolution integral of the following form:

ΨCONðr, τÞ=
ð∞
−∞

Ψref ðτ− tÞΨðr, tÞ− dt

ð2π �hÞ1=2
(6:201)

Using eqs. (6.196) and (6.201) we directly obtain the coupled term described by
eq. (6.196):ΨOðr,EÞ=Ψref ðEÞΨðr,EÞ.
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Proof
With

exp i
E
�h
τ

� �
= exp i

E
�h
ðτ− tÞ

� �
exp i

E
�h
t

� �
(6:202)

and using eqs. (6.197) and (6.201) we obtain the expression

Ψoðr,EÞ=
ð∞
−∞

ð∞
−∞

Ψref ðτ− tÞΨðr, tÞ exp i
E
�h
τ

� �
dt

ð2π�hÞ1=2
dτ

ð2π�hÞ1=2
(6:203)

With the substitution z = τ− t we immediately get eq. (6.196):

Ψoðr,EÞ=
ð∞
−∞

Ψref ðzÞ exp i
E
�h
z

� �
dz

ð2π �hÞ1=2
( )

×

ð∞
−∞

Ψðr, tÞ exp i
E
�h
t

� �
dt

ð2π �hÞ1=2
( )

=Ψref ðEÞΨðr,EÞ ð6:204Þ
The existence of relation (6.201) is equivalent to correlations with respect to the en-
ergies, expressed by eq. (6.196).

Model for the reference system
If we assume that the function Ψref ðτ− tÞ in eq. (6.201) is very sharp, we may
describe it by a delta function:

Ψref ðτ− tÞ=Cδðτ− tÞ (6:205)

where C is a constant. The width Δt of the quantum-mechanical function Ψref ðτ− tÞ
should principally not be zero but it can take any value with Δt ≠ 0. Thus, we can
use the delta function with any degree of accuracy.

Using eq. (6.205) we immediately get with eq. (6.201)

ΨCONðr, τÞ= C

ð2π�hÞ1=2
Ψðr, τÞ (6:206)

and the wave function ΨOðr,EÞ is expressed with eq. (6.197) as follows:

Ψoðr,EÞ= C
2π�h

ð∞
−∞

Ψðr, τÞ exp i
E
�h
τ

� �
dτ (6:207)

In other words, from all configurations,Ψðr, tÞ, the configuration Ψðr, τÞ for time t = τ is
filtered out, that is, it is selected. In particular, eq. (6.206) directly follows from the re-
quired filtering process, that is, the required transition from Ψ*ðr, tÞΨðr, tÞ to Ψ*ðr, t0Þ
Ψðr, t0Þ [eqs. (6.186) and (6.187)] is described by the above analysis, where t0 = τ.
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6.9.6 Occupations

The sensory apparatus orders the physically real effects with respect to space and
time. But the senses do not record the complete x, y, z, t events, but only the x, y, z, t
structure at clock time τ, that is, we have

t = τ (6:208)

The sensory apparatus selects and this tendency is in accordance with what we ac-
tually experience in daily life.

In the case of a certain τ interval ε, we have exactly the same situation. Like the
τ events, distributed within ε, also the x, y, z, t events are distributed; we would like
to assume that they are distributed within a definite t interval denoted by Δt. Here
Δt is different from the total time range ðtb − taÞ of the x, y, z, t states of the physically
real system. The intervals ε and Δt must not be identical and also their positions on
the identical time scales may be different from each other. But we want to assume
that the intervals are identical and superposable:

ε=Δt (6:209)

Such an allocation can be made without leaving the selection condition (6.208).
This feature is valid for each time τ and, therefore also for t. These correlation ef-
fects between τ and t are necessary; otherwise, there would be no connection be-
tween the physically real system and the human observer.

Correlated behavior
The reference time τ moves continuously from the past to the future and, therefore,
also the interval ε moves continuously from the past to the future. When we consider
eq. (6.209), we get for the values τ1, τ2, . . . , τn, . . . and t the following conditions:

τ1 ≤ τ≤ τ1 + ε
t1 ≤ t ≤ t1 +Δt

( )

τ2 ≤ τ≤ τ2 + ε
t2 ≤ t ≤ t2 +Δt

( )

..

.

τn ≤ τ≤ τn + ε
tn ≤ t ≤ tn +Δt

( )

..

.

(6:210)
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The values τ2, . . . , τn, . . . are the next real numbers after τ1 + ε, . . . , τn− 1 + ε, . . ., and
the values t2, . . . , tn, . . . are the next real numbers after t1 +Δt , . . . , tn− 1 +Δt , . . ..

There is an essential difference between the clock time τ and the quantum time
t: whereas τ moves within ε strictly from the past to the future, the t values within
Δt are statistically occupied. That is, τ moves within ε from the past to the future
and Δt moves simultaneously to τ, but the t − values within Δt behave statistically.

Occupations
At each time τ, defined through the intervals in eq. (6.209), there is a certain proba-
bility for the appearance of the variables x, y, z, t within the range where the proba-
bility density Ψ*ðx, y, z, tÞΨðx, y, z, tÞ is not zero. All values x, y, z, t of the entire range
are concerned. In general, the range of is −∞< x, y, z, t <∞. These are quantum
states that are occupied at a sharp value for the reference time τ. Clearly, this situa-
tion is independent of the parameter τ. Thus, we have for each time τ exactly the
same information about the system under investigation:

τ:
Ψ*ðxi, yi, zi, tiÞΨðxi, yi, zi, tiÞ
xi, yi, zi, ti ! i= 1, 2, . . . ,∞ in ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ, ðtb − taÞ

(6:211)

At each time τ, “one” of the four-dimensional x, y, z, t points exists, and there is an
infinite number of possibilities. The intervals ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ and
ðtb − taÞ define again the ranges with respect to the four-dimensional space–time
(Section 6.1).

Number of events
There is an infinite number of τ values within each of the interval given in eq. (6.209).
Thus, we have an infinite number for each of the variables x, y, z, t within the range
ðxb − xaÞ, ðyb − yaÞ, ðyb − yaÞ, ðtb − taÞ. Then, there is an infinite number of probability
densities Ψ*ðx, y, z, tÞΨðx, y, z, tÞ as well.
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That is, the infinite number of τ values within each of the intervals defined by
eq. (6.209) create an infinite number for the variables x, y, z, t and an infinite num-
ber of probability densities, which are distributed over the entire space–time range
ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ, ðtb − taÞ for which the probability density is not zero [see
eq. (6.148)]. Thus, instead of eq. (6.130) we have

τ!∞ in τm ≤ τ≤ τm + 1, m= 1, 2, . . .
+

x, y, z, t !∞, Ψ*ðx, y, z, tÞΨðx, y, z, tÞ !∞

in ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ, ðtb − taÞ

(6:212)

As we have already outlined in Sections 6.1 and 6.6, the number of x, y, z, t states
within the total range is infinity and, furthermore, we have also outlined in both sec-
tions that the number of states within the interval Δt must be infinite as well (we have
∞=k=∞ for k ≠∞, see also Section 6.6.1). Thus, in analogy to eq. (6.132), we have

τ! in τm ≤ τ≤ τm + 1, m= 1, 2, . . .
+

x, y, z, t!∞ in ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ, ðtb − taÞ
+

x, y, z, t! ∞ inΔt and ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ

(6:213)

That is, each slice defined through Δt , ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ contains an infi-
nite number of events.

Furthermore, each x, y, z, t point of the slice, having an infinitesimal four-
dimensional interval around this point, exists with certainty because there is also an
infinite number of x, y, z, t states within this four-dimensional interval, which is arbi-
trarily small but different from zero. More details are discussed in the sections before.

Observation of physically real environment
In conclusion, scheme (6.81) reflects the following situation: We observe (measure)
with certainty a definite space structure, expressed by the probability densities
Ψ*ðri, tiÞΨðri, tiÞ with ri = ðxi, yi, ziÞ, in the form of an infinite number of events,
which are quantum mechanical in character and refer to the slice, having the pa-
rameters Δt, ðxb − xaÞ,ðyb − yaÞ, ðzb − zaÞ:

Ψ*ðxi, yi, zi, tiÞΨðxi, yi, zi, tiÞ≠0

xa ≤ xi ≤ xb, ya ≤ yi ≤ yb, za ≤ zi ≤ zb
ti inΔt

(6:214)
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Such situations describe what we actually experience in an unconscious way within
our everyday life.

There is a correlated behavior of τ and t that is formulated by scheme (6.210).
Whereas the clock time τ moves within the interval ε strictly from the past to the
future, the time t behaves statistically within the time interval Δt.

The information about the complete system exists as a constant entity for each
interval ε with τi ≤ τ≤ τi + ε, i= 1, 2, . . . and it remains constant during the τ motion.
That is, the physically real system exists constantly but, in the course of time τ, a
certain information is selected, from Δt to Δt, so to speak. Only those x, y, z, t events
are selected, which belong to the τ interval ε and which belongs simultaneously to
the t interval Δt, that is, the system-specific time values t occupy a time interval Δt,
which is superposable with ε: Δt = ε. This is reflected by scheme (6.210), which
underlines that the two types of time, that is, t and τ, are strictly correlated.

No doubt, the consequences of this behavior are drastic: the physically real sys-
tem is not always again created from τ to τ, but here a permanently existing system
is strobed in the course of time τ.

Conclusion
Let us underline that human beings perceive (observe) the slice, defined by the
space-time interval Δt, ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ and not the complete information,
which is given in the intervals ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ, ðtb − taÞ.

The slice is selected from the whole. This is illustrated in Figure 6.10. The slice
itself is recognizable through the interval ε around τ

The intervals Δt and ε are sufficiently small and may even be infinitesimal but
have to be different from zero. Then, the situation is in accordance with that what
we observe in daily life: At a certain clock time (approximately given by τ), the en-
tire space-structure with objects is perceived.

6.9.7 Processing in the mind

The wave function, describing fictitious reality in ðp,EÞ space, corresponds to the
basic information α (see Section 6.2). Both entities equally characterize a physically
real object. At this stage, space and time are not yet involved. The mind processes α
unconsciously, and the mind also processes the function Ψðpx, py, pz,EÞ, but con-
sciously. Space and time come into existence through the processing in the human
being’s mind and they offer the frame in which the entities α and Ψðpx, py, pz, EÞ are
represented.
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In the case of α the mind produces at time τ, shown by an external clock, a
space–time picture “without coordinates” in an unconscious way. It is an observa-
tion. The coordinates x, y, z at time τ are the elements of a “fictitious net” which the
human being puts intellectually over the observed image in front of him/her [5].

On the other hand, the treatment of the information Ψðpx, py, pz ,EÞ through the
mind is expressed by the Fourier transform (6.8) together with the selection process

t

t

Δt

xb – xa
yb – ya
zb – za

Δt

xb – xa
yb – ya
zb – za

t = τ2

t = τ1

x, y, z

x, y, z

Ψ* (x, y, z, t) Ψ (x, y, z, t)

Ψ* (x, y, z, t) Ψ (x, y, z, t)

Ψ* (x, y, z, τ1) Ψ (x, y, z, τ1)

Ψ* (x, y, z, τ2) Ψ (x, y, z, τ2)

τ

(a)

(b)

τ

Figure 6.10: Selection of a part Ψðr, τÞ of the total information of the physically real system Ψðr, tÞ
with r= ðx, y, zÞ. The selections of space structures at various clock times τ are represented in (a) for
τ1 and in (b) for τ2 in the form of probability densities: Ψ*ðr, τ1ÞΨðr, τ1Þ, Ψ*ðr, τ2ÞΨðr, τ2Þ. In general,
we have Ψ*ðr, τ1ÞΨðr, τ1Þ≠Ψ*ðr, τ2ÞΨðr, τ2Þ and this situation corresponds to what is observed in
daily life. The selected information consists of events within the slice Δt , ðxb − xaÞ, ðyb − yaÞ, ðzb − zaÞ
and only this part is perceived (observable) through human beings.
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t! τ that is analyzed in Section 6.9.5. We finally obtain a space–time structure
given by Ψðx, y, z, τÞ. That is, we have

Ψðx, y, z, tÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðpx, py, pz,EÞ exp i
p
�h
· r− E

�h
t

� �� �
dpx dpy dpz dE

#
Ψðx, y, z, τÞ

(6:215)

Note that space and time, that is, the elements x, y, z, t, come directly into existence by
the Fourier transform (6.8), and relation (6.215) reflects a conscious action of the mind.

As we remarked earlier, the information α is processed by the mind, and α char-
acterizes physically real entities. Therefore, the unconscious processing of α within
the mind has to be performed with mind elements that are sensitive to physically
real entities.

Therefore, also the selection process t! τ and others in connection with the
conscious processing through eq. (6.215) has to be performed with elements that
are sensitive to physically real entities. This element is given in Section 6.9.5 by
the function Ψref ðEÞ and Ψref ðtÞ, respectively. The situation is summarized in
Figure 6.11.

In Section 6.9.5 the wave function Ψðx, y, z,EÞ has been used, which is however
completely equivalent to Ψðpx, py, pz,EÞ. The wave functions Ψðx, y, z,EÞ and
Ψðx, y, z,EÞ are also here connected to a Fourier transform

Γ ↔ Fourier transform and Ψref (E)

α

↓
x,y,z,τ

Ψ(px,py,pz,E)

Ψ(x,y,z,τ)

↓Γ
Fourier transform
Ψref (E)

Unconsciously
generated picture

Consciously
generated picture

Figure 6.11: The transition from information α to the space–time picture, that is, to the x, y, z
structure at clock time τ, is an unconscious process in the mind whereby the corresponding mind
elements are sensitive to physically real objects. The transition itself is summarized in the figure
by the letter Γ. The conscious transition, that is, the processing from Ψðpx ,py ,pz , EÞ to Ψðx, y, z, τÞ,
is done by a Fourier transform and the necessary selection process t ! τ by the function Ψref ðEÞ.
The unconscious processes, characterized by Γ, and the conscious actions, expressed by the
Fourier transform and Ψref ðEÞ, correspond each other.

380 Chapter 6 Fictitious realities

 EBSCOhost - printed on 2/13/2023 5:36 PM via . All use subject to https://www.ebsco.com/terms-of-use



Ψðx, y, z,EÞ= 1

ð2π �hÞ2
ð∞
−∞

Ψðpx, py, pz,EÞ exp i
�h

p · r½ �
� �

dpx dpy dpz (6:216)

Thus, the two spaces, the (p, E) space and the (r, E) space, contain exactly the same
information.

6.10 Self-organizing processes

We underlined in the preceding chapters that self-organizing processes belong to
the heat of nanoscience (nanotechnology). In general, we have the following situa-
tion: we put a nanosystem into a specific environment and both entities, the system
and the environment, interact with each other and their states will be changed in
the course of clock time τ in a self-organizing way.

6.10.1 General definition

The initial state of the nanosystem is indicated by A and its final state by B. Then
the transition is characterized through

A!
τ
B (6:217)

The process started at time τA and is assumed to be finished after a certain time τB
until stationary states are reached. The nanosystem and the environment are in sta-
tionary states for τ≤ τA and τ≥ τB.

Such kind of processes have to be considered as “time sensitive.” Just this fea-
ture is the problem when we work within traditional quantum theory. Nanosystems
behave in most cases quantum mechanically but, as we underlined in the preceding
chapters, in traditional physics there does not exist a quantum aspect of time. The
time in traditional quantum theory is given by the external time τ, which behaves
classical and is shown by our clocks.

In contrast to this traditional view, within the frame of the projection principle
there is a quantum aspect of time and we have here a system-specific time t. All
these have been discussed in the preceding sections.

Let us discuss some characteristics of self-organizing processes within tradi-
tional physics, where we have no quantum time. Then we will treat the problem on
the basis of the more realistic projection theory, which is characterized through the
system-specific quantum time.
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6.10.2 Traditional physics

In most cases, nanosystems behave quantum mechanically and we have to apply
Schrödinger’s equations [12]. Schrödinger’s equation for the stationary case is given by

i�h
∂’ðx, y, z, τÞ

∂τ
= −

�h2

2m0
Δ’ðx, y, z, τÞ+Uðx, y, zÞ’ðx, y, z, τÞ (6:218)

On the other hand, for the nonstationary case we have

i�h
∂’ðx, y, z, τÞ

∂τ
= −

�h2

2m0
Δ’ðx, y, z, τÞ+Uðx, y, z, τÞ’ðx, y, z, τÞ (6:219)

Once again, stationary means that the potential V is not dependent on time τ and
we get eq. (6.218); if U is dependent on U we deal with the nonstationary case
and eq. (6.219) is valid.

In the transition A!
τ
B (eq. (6.217)), the initial state A and the final state B are

expressed by the following stationary equations [see in particular eq. (6.218)]:

i�h
∂’Aðx, y, z, τÞ

∂τ
= −

�h2

2m0
Δ’Aðx, y, z, τÞ+UAðx, y, zÞ’Aðx, y, z, τÞ (6:220)

and

i�h
∂’Bðx, y, z, τÞ

∂τ
= −

�h2

2m0
Δ’Bðx, y, z, τÞ+UBðx, y, zÞ’Bðx, y, z, τÞ (6:221)

On the other hand, for the transition from A to B, Schrödinger’s nonstationary equa-
tion holds (see eq. (6.219):

i�h
∂’ABðx, y, z, τÞ

∂τ
= −

�h2

2m0
Δ’ABðx, y, z, τÞ+UABðx, y, z, τÞ’ABðx, y, z, τÞ (6:222)

Here we use the τ- dependent potential UABðx, y, z, τÞ, but not in connection with
eqs. (6.220) and (6.221). The Schrödinger theory has been discussed and ana-
lyzed in Ref. [12]. An example for a self-organizing process in traditional physics
is shown in Figure 6.12 (a).

Remark
For example, in the case of the one-dimensional harmonic oscillator, the potential
U is given by 1=2mx2ω2

0 =UðxÞ; m is the mass and ω0 the frequency of the oscillator.
The interaction of this oscillator with a specific environment can lead to the effect
that the frequency ω0 becomes τ dependent and we have ω0 =ω0 ðτÞ. Then, in re-
gion A the frequency is given by ωA =ω0 and is independent on τ; in region AB the
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frequency is τ dependent and we get ωABðτÞ; in region B the frequency is given by
ωB and is independent on τ.

The environment and the system (oscillator) influence each other and leads to
changes with respect to both the oscillator and the environment. The changes, that
is, the τ- dependent processes, take place during the transition in region AB.

6.10.3 Projection theory

Scanning information
In traditional quantum theory, the physically real systems exist at time τ and are
incessantly produced in the course of time τ, but they do not exist for times τ′< τ
and τ′ > τ. The view of projection theory is different. At time τ the physically real
system is not produced but selected from the entire information. This has of course
consequences for self-organizing processes. Let us repeat the main facts.

Despite the statistical fluctuations, at τ (or more precisely at τ± ε), the whole of
time t, that is, the past, present and future, is laid out frozen before us:

Ψ*ðx, y, z, tÞΨðx, y, z, tÞ
−∞< x, y, z <∞, −∞< t <∞

(6:223)

τ

t

τB

τA τB

(a)

(b)

Traditional
physics

Projection
principle

∗
ΨA,AB,B(x,y,z,t)ΨA,AB,B(x,y,z,t)

φ∗(x,y,z,τ)φ(x,y,z,τ)

A

A AB B

AB B

τ

Figure 6.12: Self-organizing process described within traditional physics (a) and within the frame
of the projection principle (b). For both views, the probability densities are shown. The boundary
conditions at time τA are assumed to be identical [see eq. (6.228)]. However, the curves differ from
each other. In particular, the final states, which is reached at τB, can differ considerably for both
approaches. The characteristic three regions A, AB and B are located at different positions on the
timescales. The scanning process is indicated in (b).
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That is, at time τ± ε the entire information is given all at once. This also means that
within the range defined by τA and τB, where the self-organizing process takes
place, the entire information of the wave function is given all of a piece.

The system-specific time t is defined within the range of the self-organizing pro-
cess by

−∞< τA ≤ t ≤ τB <∞ (6:224)

However, we know that the entire information (6.223) is not “observed” at clock
time τ± ε. Instead, we always observe only a certain space structure of reality at
time τ± ε:

Ψ*ðx, y, z, tCÞΨðx, y, z, tCÞ
−∞< x, y, z <∞

(6:225)

for tc = τ. A usual photography represents at a certain time τ= tc such a configura-
tion in space.

The curve Ψ*ðx, y, z, tÞΨðx, y, z, tÞ is scanned with respect to time t and we ob-
serve merely the part at clock time t : Ψ*ðx, y, z, τÞΨðx, y, z, τÞ. Scanning processes
also take place within the frame of self-organizing processes and this is indicated
in Figure 6.12b.

We may state quite generally that the information about the wave function
Ψðx, y, z, tÞ and the probability density Ψ*ðx, y, z, tÞΨðx, y, z, tÞ, respectively, exists
completely at τ ðτ± εÞ not as a static unit, but as a fluctuating quantum entity. The
fluctuations cannot be dissolved by human beings in daily life and are experienced
at time τ± ε as a compact block.

Comparison of the traditional view with the situation in projection theory
In the case of the traditional treatment of self-organizing processes, a piecewise treat-
ment of the three regions A, AB and B is demanded and possible. Here we need for
each region a specific equation, reflected by eqs. (6.220)–(6.222). The projection prin-
ciple does not allow such a procedure. Within this principle, the characteristics of
self-organizing processes are described by “one” relation, and this is expressed by

i�h
∂ΨA,AB,Bðx, y, z, tÞ

∂τ
=

−
�h2

2m0
ΔΨA,AB,Bðx, y, z, tÞ+VA,AB,Bðx, y, z, tÞΨA,AB,Bðx, y, z, tÞ

(6:226)

All three regions A, AB and B are treated all of a piece. The reason is obvious: at
clock time τ all quantum states t can be occupied that belong to region A;B or to
region AB. This property has been discussed in the earlier section.

Nevertheless, a human observer experiences the three regions A, AB and B as a
self-organizing process. He/she successively scans the curve
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Ψ*
A,AB,Bðx, y, z, tÞΨA,AB,Bðx, y, z, tÞ (6:227)

with respect to t and passes through this curve in the course of clock time τ strictly
from the past to the future, that is, from region A to region B over region AB. This
sequence is experienced as a self-organizing process. The scanning process is indi-
cated in Figure 6.12b.

The quantum-mechanical description of self-organizing processes in the tradi-
tional way has been excluded because the notion “time” here is not adequately
treated. There is no quantum time involved, as it should be within a proper treat-
ment of time-sensitive processes. Thus, the description of specific self-organizing
processes can be utterly wrong when traditional quantum theory is applied.

At time τA, we may choose for the probability densities for both approaches
(traditional view and projection principle) the same probability densities

’*ðx, y, z, τAÞ’ðx, y, z, τAÞ=Ψ*
A,AB,Bðx, y, z, τAÞΨA,AB,Bðx, y, z, τAÞ (6:228)

Since the potential VA,AB,Bðx, y, z, tÞ [eq. (6.226)] cannot be approximated by the po-
tentials UAðx, y, zÞ, UAðx, y, zÞ, UABðx, y, z, τÞ [eqs. (6.220), (6.221) and (6.222)], we have
for τ > τA

’*ðx, y, z, τÞ’ðx, y, z, τÞ≠Ψ*
A,AB,Bðx, y, z, τÞΨA,AB,Bðx, y, z, τÞ (6:229)

Thus, the description of the self-organizing process with the traditional tools has
only a little (or nothing) to do with the more realistic description within the frame
of the projection principle. Both views are illustrated in Figure 6.12.

The prediction of self-organizing processes through the traditional way [indi-
cated by eqs. (6.217)–(6.222)] is not realistic. Just in connection with nanosystems, a
careful treatment is necessary.

6.11 Summary and final remarks

Let us summarize and complement the ideas given in this chapter through the fol-
lowing brief comments:
1. Within the frame of the projection principle, there are two spaces, the ðr, tÞ

space and ðp,EÞ space, which are equivalent concerning their information.
Both spaces are connected to each other by a Fourier transform. That is, due to
�h, the variables r, t,p,E are arranged in a quite different way than in classical
mechanics, where �h is not defined.

The ðp,EÞ space reflects the physical reality (fictitious reality), and this re-
ality (i.e., its information content) is completely projected onto ðr, tÞ space. This
is consistent with the fact that we do not measure the elements x, y, z, t, but we
measure the quantities px, py, pz,E. Measurement means that an interaction
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process takes place and, on the other hand, interaction means an exchange of
energy and momentum.

We may treat a physically real unit on the basis of the variables px, py, pz
and E “as if” they were physically real entities, but they are entities of a ficti-
tious reality, which is projected onto space and time with x, y, z, t.

We have a (fictitious) reality, where the physically real processes are simu-
lated. This information is projected onto space and time and we get a picture of
this (fictitious) realty. This is the highest level, which human beings can take in
the concrete description of the world. This is a clear and realistic point of view and
we can distinguish between what is describable and observable and what not.

2. Within the frame of the projection principle, we have the following situation:
Both spaces, ðr, tÞ and ðp,EÞ, are equivalent concerning their information. Each
physically real object contains in both spaces exactly the same physical infor-
mation. In particular, we have the following peculiarities:
(a) In ðr, tÞ space the coordinates x, y, z and the time are numbers and the

momentums and the energy are operators that are given in the form
− i�h∂=∂x, − i�h∂=∂y, − i�h∂=∂z, i�h∂=∂t.

(b) In ðp, EÞ space, the coordinates and the time are expressed by the operators
i�h∂=∂px, i�h∂=∂py, − i�h∂=∂pz, − i�h∂=∂E. The momentums E and the energy
px, py, pz are numbers.

3. In projection theory we have a real uncertainty relation between the energy E
and the system-specific time t:

δEδt ≥
�h
2

Such an equation does not exist in the usual form of quantum theory. Since
time is still a classical parameter within usual quantum theory, there is no un-
certainty relation of type δEδt ≥ �h=2 in traditional quantum theory. However,
here we have an energy–time relation of the form

ΔEΔτ≥ �h
2

But the quantities ΔE and Δτ are differences and they have nothing to do with
uncertainties. Relation ΔEΔτ≥ �h=2 is a quasiclassical equation. The value of
such an equation is, however, questionable. In Mario Bunge’s opinion, the
energy–time relation ΔEΔτ≥ �h=2 “is a total stranger to quantum theory.”

4. Physically real objects can equally be treated in time representation as well as
in energy representation. Moreover, the treatment can be done in ðr, tÞ space
and/or in ðp,EÞ space and leads also here to equivalent information about the
object under investigation. We have discussed two procedures: (1) the direct
transition to the time operator and the energy operator, respectively; (2) the use
of classical expressions in the transition to the quantum aspect.
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For the time representation and the energy representation we started from
t = t ðx, y, z, px, py, pz,EÞ and E =E ðx, y, z, t, px, py, pzÞ, which reflect general classi-
cal relationships. The time operator Ĉ and the energy operator Ĥ can be formu-
lated directly on the footing of operators for the coordinates and the time (e.g.,
the variable t is replaced by the operator − i�h∂=∂E). The system-specific opera-
tors Ĉ and Ĥ are then modeled in terms of suitable quantum conceptions.

We have four-dimensional interaction potentials of the form Vðx, y, z, tÞ, which are
at clock time τ effective in the past, present and future with respect to system-
specific time t. In usual quantum theory, such kind of interaction potential is not
defined. Instead of the general interaction Vðx, y, z, tÞ, we have here a restricted
form of interaction denoted by Uðx, y, zÞ.
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Chapter 7
Final statements

The epistemologically value of the container model is poor. It consists at each time
τ of space in which the physically real (material) objects are embedded. This is the
usual conception, and the laws of theoretical physics are based on this imagination.
However, the space–time itself is not physically real (Chapter 1), and this is the
problem we have with the container model: The container is not physically real but
the physically real objects are embedded in it.

The container model worked so far. Why? There can only be one reason: The
container model reflects an approximation that is obviously “compensated” within
a theoretical frame through other theory-specific approximations.

The more we penetrate into the details of nature, the more we need realistic
conceptions for their description, that is, we need conceptions with increasing so-
phistication. In order to be able to verify the container sensitivity of the theoretical
laws, we have to choose situations in which the container effect is not compensated
through other approximations of a formulated theory. This is, in fact, possible when
we investigate the “cosmological constant.” Here, the cosmos in the form of a con-
tainer is directly concerned, that is, the entire space at each time τ.

In fact, the container model effectuates a catastrophe for the numerical value of
the cosmological constant [82, 83]. The expected value for it is small (almost “zero”)
and the predicted quantum field theoretical value is very large (not far from “infin-
ity”). The theoretical prediction deviates from the observed value by a factor of
10122. The discrepancy could not be larger; it is simply a catastrophe and is often
considered as the deepest mystery of present physics.

In this connection, Leon Lederman’s statement is of interest: “Einstein freed us
from the either. Now we need to get rid of (today’s version of either) again. We need
to sweep the vacuum clean” [82]. But if there is nothing inside the container (space,
vacuum), the container model is disestablished and we come inevitably to the pro-
jection principle.

In fact, this situation demands a drastic step: To drop the container model. This
is not a drastic step with respect to physics, but it is a matter of habit. There is obvi-
ously no other way possible since all attempts to eliminate the large amounts of
energies within space (container).

In this last chapter, we first give some statements in connection with usual
quantum theory and general theory of relativity (GTR). Both theories are mutually
incompatible. What could be the reason for that? Is the container model responsible
for that?
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7.1 Theory of relativity and quantum field theory

What can we say about the basic conceptions of traditional physics. There are two
developments, on which traditional physics is essentially founded. It is the GTR
and the quantum theory in its usual form. However, both theoretical blocks have
been developed independently from each other. Both theories deliver excellent re-
sults, but there is a serious problem: GTR and traditional quantum theory are mutu-
ally incompatible.

7.1.1 Incompatible theories

The situation is well formulated by Brian Greene. In Ref. [84], we find the following
comment:

Through years of research, physicists have experimentally confirmed to almost unimaginable
accuracy virtually all predictions made by each of these theories (General Theory of Relativity
and usual quantum theory). But these same theoretical tools inexorably lead to another dis-
turbing conclusion: As they are currently formulated, general relativity and quantum mechan-
ics, cannot both be right. The both theories underlying the tremendous progress of physics
during the last hundred years – progress that has explained the expansion of the heavens and
the fundamental structure of matter – are mutually incompatible [84].

Both theories lead to sets of laws that work fantastically. However, if we put them
together, we inevitably obtain irreconcilable differences. In Ref. [82], we find:

It has been said that quantum field theory is the most accurate physical theory ever, being
accurate to about one part in 1011, writes Roger Penrose in The Nature of Space and Time.
However, I would like to point out that general relativity has, in a clear sense, now been tested
to be correct to one part in 1014 (and this accuracy has apparently been limited merely by the
accuracy of clocks on earth).

In conclusion, both theories seem to work perfectly but, on the other hand, both the-
ories are mutually exclusive. What might be the reason for this catastrophe? We
know that both theories are formulated within the frame of the container model and
this might be the reason for the fact that both theories are mutually incompatible.

From the point of view of projection theory, the application of the container
model has to be done with care and can lead to a catastrophe, as we guess is the
case for GTR and traditional quantum theory.

The incompatibility and, on the other hand, the excellent results, which both
theories deliver, might come through the following effect: The possibly wrongly
formulated theoretical background of both developments, together with the unre-
alistic container model, obviously compensate each other. This leads to a useful
conception for both theories. Then, the theories themselves have to be considered
as “recipes.”
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7.1.2 Compensation effects

The incompatibility with respect to GTR and traditional quantum theory and, on the
other hand, the excellent results, which both theories deliver, might come through
the following effect: The theoretically formulated background of both developments
and the features of the container model obviously compensate each other. This
leads to a useful conception for both theories. We have to be careful with the con-
tainer model, even when the background of both theories is realistic formulated.

The details of the physical laws come more and more into play when we go
deeper into the nature of the things, and in such cases, we need physical laws with
increasing sophistication and reliability. Compensation effects are hardly helpful in
this connection. The container model reflects a hard approximation, which is obvi-
ously compensated through other approximations.

7.2 Uncertainties

As we remarked earlier, the expected value for the cosmological constant is small
and the predicted quantum field theoretical value is very large. We expect a value of
almost zero, but the theoretical prediction is not far from infinity. Or more precisely:
The theoretical prediction deviates from the observed value by a factor of 10122. The
discrepancy could, in fact, not be larger. As we already remarked, this situation is
often considered as the deepest mystery of present physics.

What is the reason for this discrepancy? The cause is obviously due to the fact
that there is, in traditional quantum theory, no realistic uncertainty relation between
the energy and the time. Let us analyze the situation.

7.2.1 Remarks on the symmetry between space and time

The symmetry between space and time is required. But traditional quantum theory
does not fulfill this condition, and this is reflected in the uncertainty relations.
Before we discuss the uncertainty relations with respect to this point, let us discuss
some details in connection with the symmetry between space and time. We consider
the special theory of relativity (STR) and the traditional form of quantum theory.

The symmetry between space and time in traditional quantum theory
Since quantum theory and STR have been developed independently from each
other, the following question is of relevance: Are the features of STR fully reflected
in traditional quantum theory? In other words, can quantum phenomena be treated
fully in accordance with the basic laws of STR? Here, we restrict ourselves to the
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symmetry question. The answer is formulated as follows: Although the relativistic
wave equations (e.g., Dirac’s equation for the electron) are invariant under Lorentz
transformation, the space coordinates x, y, z and time τ are in its physical content
definitely not symmetrical to each other and that is in contrast to the fundamental
results of STR. This is due to the following facts:
1. Whereas the coordinates are “statistical” quantities, the time does not behave

statistically. We already mentioned in Chapter 1 that the time remains un-
changed when we go from classical mechanics to quantum theory. This is
clearly reflected in the fact that the coordinates can be “operators,” time is al-
ways a simple “parameter.” Only the clock time τ exists in all forms of tradi-
tional quantum theory.

2. The determination of the eigenfunctions and eigenvalues is restricted on space
and time is not involved in this process.

The symmetry of space and time, a requirement of STR, must be reflected in all ver-
sions of traditional quantum theory, also within Schrödinger’s theory. Louis de
Broglie expressed this fact as follows: “The present quantum theory in all its versions
takes time as the evolution parameter and therefore destroys the symmetry between
space and time” [85].

Four-dimensional worlds
Within the framework of STR, the world has to be considered as four-dimensional,
and this is because time loses its independence which it still had within Newton’s
mechanics. The fourth of the equations of the Lorentz transformations is given by

τ′= τ− vx=c2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1− v2=c2

p (7:1)

This equation shows that the time interval between two events in a moving frame of
reference does not vanish in general. Here the frame of reference S′ moves relatively
to a rest system, say S, with the constant velocity v. This is even the case, when the
time interval in S becomes zero. The consequence of a pure “distance in space” in S
is an “interval of time” in S′, and this result can directly be read from eq. (7.1). It is
well known that eq. (7.1) is obviously realistic. This has been shown experimentally
by the slowing down of clocks.

In conclusion, within STR, space and time are tightly interrelated and cannot
be treated as independent quantities. They are, as we know, symmetrical to each
other. This is however not the case in traditional quantum theory. In traditional
quantum theory, space and time are independent quantities, even in the relativistic
quantum case. Space and time behave differently in traditional quantum theory.
Let us demonstrate that in connection with the uncertainty relations.
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7.2.2 Uncertainty relations in traditional quantum theory

The symmetry between space and time is required. But traditional quantum theory
does not fulfill this condition, and this is reflected in the uncertainty relations.

In usual quantum theory, there are definitely uncertainty relations [6] for the
coordinates x, y, z and momentums px, py, py (e.g., Ref. [83]):

δpxδx≥
�h
2
, δpyδy≥

�h
2
, δpzδz ≥

�h
2

(7:2)

An analogous relation for the time τ and a quantity which has the dimensions of
energy is required from the point of view of STR. Both, the energy and the time
should have the features of the system (object) under investigation. But this condi-
tion is not fulfilled in the case of relation

ΔEΔτ≥ �h
2

(7:3)

Here the energy E is a system property but the time τ not. The time τ is, as we
know, an external time (clock time) and has primarily nothing to do with the system
under investigation. We can observe an object as a function of clock time τ, but its
properties and its existence itself is not determined by this external clock showing
the time τ. In other words, the clock is not coupled to physically real objects.

As we already outlined in Chapter 1, eq. (7.3) is often seen as uncertainty rela-
tion as well, quite in analogy to (7.2). But it is not, which is symbolically expressed
by the use of Δ instead of δ.

In relations (7.2), the quantities δpx, . . . and δx, . . . are the uncertainties in the
values of the momenta and the coordinates at the same instant. As is well known,
this uncertainty means that the coordinates and momenta can never have entirely
definite values simultaneously.

The energy E, on the other hand, can be measured to any degree of accuracy at
any instant. The quantity ΔE in eq. (7.3) is the “difference” between two “exactly
measured” values of the energy at two different instants (clock times) and is not the
uncertainty in the value of the energy at a given instant (see also the discussion in
Refs. [6, 83]). Nevertheless, eq. (7.3) is throughout interpreted as uncertainty relation,
but this is not correct. Concerning this point, Mario Bunge gave a clear statement.

7.2.3 Bunge’s critique

Since time within usual quantum theory is still a classical parameter, we should
consider the energy–time relation ΔEΔτ≥ �h 2= [eq. (7.3] as a quasiclassical equation.
The value of such an equation is however questionable. It is, in particular, not an
uncertainty relation.
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In Mario Bunge’s opinion, the energy-time relation ΔEΔτ≥ �h 2= (7.3) “is a total
stranger to quantum theory.” In particular, we find in Ref. [77]:

This relation is made plausible by reference to some thought experiments, to radioactive
decay, and to line breadths. But unlike the genuine indeterminacy relations, (7.3) has never
been proved from first principles. In other words, (7.3) does not belong to quantum theory, but
is just a piece of doubtful heuristics.

The reason for this failure to incorporate (7.3) into quantum mechanics is the following. In
this theory, as in every other known theory, time is a “c number” and, more particularly a pa-
rameter, not a dynamical variable. Moreover, τ does not “belong” (refer) to the system con-
cerned. Even in relativistic theories the proper time, though relative to a frame of reference, is
not a property of the system on the same footing as its mass or its momentum. In other words, τ
does not belong to the family of operators in the Hilbert space associated to every microsystem.
Therefore, τ is not a random variable and its scatter vanishes identically . . . Consequently, no
matter what the scatter in the energy may be, the inequality (7.3) does not hold. Also it does not
improve things to regard E, as is sometimes done, as the Hamiltonian of the system the standard
deviation of the energy vanishes as well. In conclusion, the so-called fourth indeterminacy (or
uncertainty) is a total stranger to the quantum theory although it can be found in works on this
theory.

In short, the fourth scatter relation is not deducible from the principles of the quantum
theory, whether relativistic or not. But then why is it sometimes used, for example in the the-
ory of line breadths? The reason is that it is not the same formula: although it has the same
typographical form, it has a different content. In particular, “Δ” is not interpreted as a stan-
dard deviation (from what?) but as the half-life of the state ψ. But even thus reinterpreted, the
formula is not deducible from the postulates of the general quantum theory. Mind, this has
nothing to do with the question whether or not formula (7.3) is true under some suitable inter-
pretation. Many other statements are true and yet they do not belong to quantum theory.

In Bunge’s opinion, the formula ΔEΔτ≥ �h 2= is a total stranger to the quantum theory
although it can be found in works on this theory. No doubt, Bunge is right.
Nevertheless, this formula is used in connection with physically real processes. It is
the basis for the incessantly particle/antiparticle production in space. The conserva-
tion law for the energy can be temporarily violated and this leads to an uncontrolled
production of physically real entities in space leading to a nonacceptable (wrong)
value for the cosmological constant. That is, Bunge’s assessment in connection with
ΔEΔτ≥ �h 2= is accompanied with a wrong value for the cosmological constant. We
simply do not observe a world with such a large cosmological constant.

As in the case of the coordinates and the momentums, the energy and the time
should have the features of the system (object) under investigation and we may in-
terpret that as real uncertainties with respect to the system under investigation and
this expressed by the uncertainty relations (7.2). But this condition is not fulfilled in
the case of relation ΔEΔτ≥ �h 2= . Equation ΔEΔτ≥ �h=2 is throughout interpreted as
uncertainty relation between the energy E and the time τ. The energy E is here a
quantity with respect to physically real object but not the time τ. The time is again
the external clock time τ. This means that equation ΔEΔτ≥ �h=2 relates the proper-
ties of the object under investigation and an external clock. This sounds strange
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and is, in fact, strange. It is simply not imaginable that an object is coupled in the
physically real sense to an external clock. We can observe an object as a function of
time τ, but its properties and its existence itself is not determined by the external
clock showing the time τ. This is hardly imaginable. It is also not imaginable that
our thoughts and ideas are dependent on how fast we go.

This means that equation ΔEΔτ≥ �h 2= cannot be assessed as an uncertainty rela-
tion but it opens the door for the temporary violation of the conservation law for
the energy. In other words, a doubtful equation leads to the violation of the conser-
vation law for the energy and this is adventurous. Concerning the much too large
amount of energy in the universe, we quoted Leon Lederman’s statement above:
“Einstein freed us from the either. Now we need to get rid of (today’s version of ei-
ther) again.”

Remark
The conservation laws are important because the processes in nature are kept with
them under control. In fact, since the energy can be (temporarily) violated in tradi-
tional quantum theory through the existence of ΔEΔτ≥ �h 2= , we get an uncontrolled
production of particle/antiparticle pairs, which leads to an unacceptable (wrong)
value for the cosmological constant.

Relation ΔEΔτ≥ �h 2= is not an uncertainty relation. But this equation offers the
possibility to violate the conservation law for the energy. But the result is a catastro-
phe. A genuine uncertainty relation between the energy and the (system-specific)
time is required, and if such a relation could be found in traditional quantum the-
ory, a violation of the conservation law for the energy could possibly be avoided
without leaving the container model. However, such an equation could not be de-
duced in traditional quantum theory.

Thus, we have to go another way: We have to develop the quantum laws on the
basis of a frame in which space and time are “not” physically real entities. This is
fulfilled in the case of the projection principle. In Chapter 6, we have formulated the
quantum laws within the frame of the projection principle. Then, in fact, the relation
ΔEΔτ≥ �h 2= is replaced by the genuine uncertainty relation δEδt ≥ �h 2= , where t is the
required system-specific time. In the case of δEδt ≥ �h 2= uncontrolled energy produc-
tions are excluded. In particular, the space does not contain physically real entities
like momentums and energies. The situation is summarized in Figure 7.1.

7.2.4 Consequences with respect to observations

Would the space (container) really contain all the energy, predicted by traditional
quantum theory, the universe would extremely violate the observational facts. In
Ref. [82], we find the following instructive example:
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Indeed, if the vacuum contained all the energy physicists expect it to, it would be so repulsive
that you wouldn’t be able to see your hand in front of your nose. Even at the speed of light,
the light from your hand wouldn’t have time to reach your eyes before the expanding universe
pulled it away. The fact that you can see anything at all, says Krauss, means that the energy of
space cannot be so large.

In other words, traditional quantum theory leads to a wrong result. Due to ΔEΔτ≥ �h 2= ,
the conservation law for the energy can be temporarily violated and this leads to an
uncontrolled production of energy in space leading to a nonacceptable (wrong) value
for the cosmological constant and predicts observational facts that have nothing to do
with that what we really observe. The value of relation ΔEΔτ≥ �h 2= has to be judged
negatively, which we have outlined in Sections 7.2.1–7.2.3.

Even when the cosmological constant could be reduced, the container model
with its physically real space–time elements would remain an unrealistic concep-
tion. We know that the space–time elements are “not” physically real; they can
simply not be observed and measured, respectively. The container model reflects
a too narrow frame for the understanding of the material world and it has not the
capability for the introduction of a system-specific time. Let us repeat that
Schrödinger tried to construct an operator for the time but without success.
Schrödinger did it within the frame of traditional quantum theory, which is based
on the container model.

7.2.5 Two faces of the energy

Each pair of particles that pops in and out is due to the existence of ΔEΔτ≥ �h 2= ,
and this formula allows that the conservation law for the energy can be temporar-
ily violated and this leads to an uncontrolled production of particle/antiparticle

Projection

δpx, δpy, δpz,

δE

δx, δy, δz,

δt

τ

τ

Figure 7.1: Traditional quantum theory has been developed within the
frame of the container model. In this case, no system-specific time is
defined and this situation leads to ΔEΔτ ≥ �h 2= . When we formulate the
quantum laws within projection theory, the system-specific time t
comes into existence and we get, in this case, the genuine uncertainty
relation δEδt ≥ �h 2= .
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pairs in space. However, gravity does not see them, and this is strange. In Refs.
[82, 83], the following instructive remarks:

If something has matter or energy, gravity will respond by warping; gravity is the warping; if
there’s no warping, there’s no matter or energy. So, what does gravity “see” when it looks out
into this fast writhing vacuum? Nothing or almost nothing. For some unknown reason, all the
activity of the vacuum is completely invisible to gravity. And yet, each jitter of the vacuum,
each pair of particles that pops in and out, should be creating a small gravity well around it,
just like a rock or a planet. The combined warping of all the gravity wells should be huge. You
would think, said Strominger, that the whole universe would collapse because of the gravita-
tional attraction of this sea of virtual particles. [82]

In connection with this strange situation (not to say impossible situation), the fol-
lowing note is important: the physically real space energy (equivalent with the exis-
tence of the cosmological constant) does not reflect a certain kind of antigravity.
However, the repulsive force in the universe is not due to matter and energy but
comes entirely from empty space itself.

In conclusion, the energy that comes out of nothing behaves quite different
from that coming out of something and this is strange. We have two faces of energy!
In Ref. [82], we find that the following comment reflects the present situation: “I
don’t know a good heuristic argument about why it should be so crazy,” said
Lawrence Krauss. “Why the energy comes out of nothing is so different from the
energy that comes out of something.”

All this seems to be artificial and is not convincing at all; this situation strongly
suggests eliminating this picture of space-filling quantum fields and quantum
space energy in order to get the space free of unacceptable peculiarities. In other
words, the container model has to be eliminated.

Let us highlight in this connection the following point: We have two types of
energy, although the notion “energy” has not been redefined. Two sorts of energy
have to be assumed without being able to know why and without redefining the
original notion “energy.” Why the energy comes out of nothing is so different from
the energy that comes out of something? Within this view, the energy has two
“faces” without being able to define the faces. There is, in fact, no scientific law for
the differentiation between the two energy faces.

This reflects rather a misconstruction and not a real situation, which is essen-
tially based on the doubtful relation ΔEΔτ≥ �h 2= . All this seems to be artificial and is
not convincing.

7.2.6 Some principal questions

No doubt, the container model is problematic. However, for certain aspects, the
container model is able to work, but not when we enter the region, where the true
laws are disclosed. Here, instead of the container model, the projection principle is
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adequate because it is more realistic. What can we say about basic conceptions and
the absolute truth?

Traditional quantum theory and classical mechanics have their own area of va-
lidity. But both approaches are based, on the other hand, on a common principle,
which must not be final truth.

The container model is such a common conception on which quantum theory
and classical mechanics are equally based. But the container model is obviously
too rudimentary for the solution of basic questions.

In fact, the more we penetrate into the details of the physically real world, the
more we need realistic conceptions for their description, that is, we need conceptions
with increasing reliability. That is, in such cases the basic laws will be more and more
disclosed. This often means that the complete theoretical frame has to be renewed
from the very first. The use of a modified version of the space–time is such step in the
case of modern physics, where we enter the realm of cosmology as well as that of nano-
science. In both cases, we expect the existence of a system-specific quantum time.

Then, we must eliminate the weak points of this specific basic conception, in
this case the weak points of the container model. To modify or replace the container
model, we have to use a more realistic space–time conception in which space and
time are no longer physically real in the sense of Mach. As we know, within the
container model, space and time are treated as physically real entities. This has to
be seen as the reason why this conception is not fully applicable not only in cos-
mology (the cosmological constant turned to be wrong) but also not in connection
with nanoscience because a system-specific quantum time is not contained within
the fame of the container model. The projection principle goes really a step further,
that is, it penetrates deeper into the nature of the various phenomena in the world.
It should not be considered as the final basic truth but is a way in this direction,

Within the container model, a system-specific time is not definable. This view exclu-
sively refers to the external time τ. The basic experience dictates this situation: We ob-
serve the world outside at each time τ as space structure; that is, the objects are directly
before our eyes at τ, and no other type of time comes here into play. The door for the
introduction of a system-specific time is not open. But it is a view in connection with the
container model, and this conception is throughout seen as the absolute truth. But a sys-
tem-specific quantum time is only definable in connection within the frame of the projec-
tion principle where the information is given in compressed form (Chapter 5). Projection
theory works on the basis of more information than the container model and it is not
restricted on the immediate space–time impressions alone. There is still the basic reality
which is outside of space and time. A system-specific time becomes possible.

What is the consequence? Once again, Schrödinger wanted to expand quantum
theory on the basis of the already “existing frame.” But this direction does not work.
The already existing frame is the problem. This frame is burdened with the container
model in which space and time play the role of physically real entities and this is
against Mach’s principle.
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However, we have to be careful. The more we penetrate into the details of nature,
the more we disclose the true things of the world and we need theoretical concep-
tions with increasing sophistication. That is, in such cases, the basic laws will be
more and more disclosed. This often means that the complete theoretical frame has
to be renewed from the very first. The use of a modified version of the space–time is
such a step.

7.2.7 What situations in physics are container sensitive?

The container model works well in many cases, although it is epistemologically not
acceptable at all. In Section 7.1, we discussed GTR and traditional quantum theory.
There are obviously cases where the results are not container sensitive. It is, how-
ever, more probable that a theoretically formulated theory and the features of the
container model compensate each other. This can obviously lead to useful concep-
tions and laws as a function of space and time. We cannot exclude that GTR and
traditional quantum field theory belong to this category.

For testing the container model more directly, we need an effect which encom-
passes the “entire” space–time. The following question arises: how is the whole
space–time influenced through matter, which is embedded in it and which occupy
each point in the space–time? That is, we need effects that are not superimposed by
other effects and assumptions, respectively.

7.2.8 A genuine uncertainty between energy and time

Concerning relation ΔEΔτ≥ �h 2= , two points have to be highlighted:
1. It is not an uncertainty relation.
2. It is even not a strict quantum equation. The time τ is a strict classical element.

In the development of quantum theory, an uncertainty relation between the energy
and the time is required when we base our considerations on STR. Relation (7.3),
that is, ΔEΔτ≥ �h 2= , is however not the required uncertainty relation, but it is a
“stranger,” as Mario Bunge remarked. Equation (7.3) is an outcome of traditional
quantum theory and, therefore, we have to consider traditional quantum theory
with care because it leads to doubtful results. The reason for that has to be seen in
the container model. Relation ΔEΔτ≥ �h 2= belongs exclusively to traditional quan-
tum and it follows from this version of traditional quantum theory.

The elements x, y, z and px, py, py are genuine uncertain in traditional quantum
theory and the uncertainty relations (7.2) are definable for them. The variables x, y, z
and px, py, py belong to the system (object) under investigation and they characterize
it. In ΔEΔτ≥ �h 2= , only the energy E is a system variable but not the time τ. The time τ
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is an observer index, external in character, and it behaves strictly classically. The
clock time τ has nothing to with do the system (object) under investigation. In other
words, the time τ, which appears in ΔEΔτ≥ �h 2= , is not a system-specific quantity.

Again, in traditional quantum theory a quantum-time does not exist (Chapter 1),
and the phenomenon “time” is here merely expressed through the external parame-
ter τ. This is in fact a disadvantage of traditional quantum theory.

The quantum treatment within the frame of the container model leads to wrong
results when we consider cosmological aspects. We do not observe the outcome
predicted by the theory, but we observe another world. The theory delivers a wrong
result for the cosmological constant. The much too large value for the cosmological
constant is often judged in this way, and there is in fact no other assessment possi-
ble. The critical statements by Mario Bunge and Leon Lederman undoubtedly point
in this direction.

Traditional quantum theory works within the container model, and within this view,
space and time are considered as physically real entities. In particular, traditional
quantum theory leads to the doubtful relation ΔEΔτ≥ �h 2= . As we remarked several
times, it is obviously not possible to define a system-specific time when we work
within the frame of the container model. Erwin Schrödinger demonstrated that.

Container model

Traditional quantum theory
(system−specific time t does not exist)

↓

Projection principle

Quantum laws
(system−specific time t exists)

↓

2∆E ∆𝜏 ≥ 󰢏

2δEδt ≥ 󰢏

Figure 7.2: Uncertainties in projection theory. The information Ψðp, EÞ is projected from ðp, EÞ space
onto ðr, tÞ space and we get the information Ψðr, tÞ. The values px ,py ,pz , E of ðp, EÞ space are at
clock time τ inherently uncertain and we have the uncertainties δpx , δpy , δpz , δE here (see Fig. 7.1).
On the other hand, the values x, y, z, t of ðr, tÞ space are, also at the same clock time τ, inherently
uncertain and we have here the uncertainties δx, δy,δz, δt (see Fig. 7.1). t is the system-specific
time, which is not known in traditional physics. Due to the coupling of ðp, EÞ space with ðr, tÞ space,
the uncertainties of ðp, EÞ space are related to the uncertainties of ðr, tÞ space and we get
uncertainty relations as, for example, δEδt ≥ �h 2= , which is quite different from relation ΔEΔτ ≥ �h 2=
of traditional quantum theory (here, the elements ΔE and Δτ are not uncertainties).
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However, within projection theory a system-specific time t exists and, instead
of relation ΔEΔτ≥ �h 2= , we get a genuine uncertainty relation between the energy E
and the time t: δEδt ≥ �h 2= (see Chapter 6) where t is the required system-specific
time. This means that we have to replace relation ΔEΔτ≥ �h 2= by δEδt ≥ �h 2= :

ΔEΔτ≥ �h=2

+
δEδt ≥ �h=2

(7:4)

Then, the requirement of STR is fulfilled. In projection theory, we have genuine un-
certainties not only for the coordinates and momentums but for the energy and
time as well. More details are given in Figure 7.2 and Chapter 6.

7.3 No physically real space–time effects

According to Mach, space–time can never be the source for physically real effects,
as, for example, inertia. Space and time are not physically real and, therefore, they
cannot be the source for physically real effects.

But this condition is also not fulfilled at all within GTR. This has been demon-
strated by de Sitter. In Ref. [86], we find the following text:

In 1917, an eminent Dutch astronomer, Willem de Sitter, pointed out to Einstein that there was
a finite valued solution of his field equations that gave the inertial mass of a particle even it
was the only one in the universe. In this case, the curved space-time of general relativity
would be flat, that is the geodesic line passing through the particle would be straight. The
lone particle would be guided along this geodesic line as if it was made of inertial matter.
Einstein initially argued strongly against this solution. However eventually he conceded that
his interpretation of inertia could not therefore be due to other matter, as required by Mach’s
principle, because there was no other matter around in the de Sitter’s example.

In other words, the field equations of GTR lead to a physically real space–time. This is
not surprising because GTR works within a four-dimensional container (space–time).

7.3.1 Container with material objects

Mach’s principle is obviously not accomplishable within the frame of the container
model. The entity space or space–time, which defines the container, has to be phys-
ically real if we embed physically real (material objects) into the container.

Interaction of the coordinates with matter
The definition of the container with physically real objects means that there is a
relation between the container and the material objects, where the container itself
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is at each time τ defined through the space. Let us consider at time τn the coordi-
nates of the space, and let us denote them by

ðxi, yi, ziÞspace, i= 1, 2, . . . ,∞ (7:5)

The space is a continuum and the number of space points is, therefore, infinity. We
assume that at the same time τn there are N material bodies (objects) of mass mk

embedded in this space. Thus, we have

mk, k = 1, 2, . . . ,N (7:6)

At each clock time τn, there has to be a “coupling” between the objects and the
space. Otherwise, the objects cannot be related to the space, that is, the space and
the objects would be independent of each other. If they are independent of each
other, we cannot talk of a container filled with matter. Then, the space knows, at
each time τn, nothing about the objects and vice versa. In this case, it makes no
sense to express the object-properties as a function of the space coordinates. For
example, the wave function Ψ is not expressible in terms of xi, yi, zi.

In other words, there is a condition: The space point ðxi, yi, ziÞspace and the ob-
jects of mass mk must be coupled. Coupling means that they interact with each
other, which we symbolize by

ðxi, yi, ziÞspace , mk (7:7)

Clearly, there is, in general, also an interaction between the objects that we express
here by

mk $ mm, m≠k (7:8)

However, both interaction types, formulated by eqs. (7.7) and (7.8), are principally
different from each other. In particular, interaction (7.7) may exist without interac-
tion (7.8).

The necessary coupling between the space and the material objects comes into
existence through single events of type (7.7). This situation defines the basis of the
container model.

Objections
There are two objections against this view. The interaction process (7.7) provides
that single, isolated space points are at each time τ observable, but this is not the
case, that is, single space points are not defined. They are not physically real. The
following two points are relevant (see Chapter 1):
1. We can only say something about distances in connection with masses, and

time intervals in connection with physical processes [5, 83].
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2. Such kind of physically real interaction processes provide that the space is at
each time τ physically real, which is however not the case.

In conclusion, also from the analysis given in this section follows that the container
model has to be excluded.

7.3.2 The situation within projection theory

In the case of the projection principle, we have a picture of the physically real (ma-
terial) objects. The objects themselves appear at time τ as geometrical positions
within space. The coupling between the geometrical positions and the space is
given automatically because a geometrical position is a point in space.

The geometrical position is created together with the space in the observer’s
mind. The raw information α is processed through the processing characteristic η
(see Chapter 4) and α is transformed under the simultaneous creating of space and
time. The raw data α are at time τ inbuilt in this space and appears as geometrical
position in space directly before the eyes of the observing human being. The raw
data α and space and time do not exist separately from each other, but α is proc-
essed while space and time are created simultaneously. η reflects “one” process cre-
ating space and time and couples the transformed data α to space and time.

Space and time are created through the mind because the observer needs a re-
presentation of the physical real object, which is embedded in basic reality. The
raw data α and the space–time are coalesced, that is, they are coupled. The
space–time is then created if there is a physically real object to represent. This de-
fines the coupling between the object and space at clock time τ.

Distances and time intervals
Let us deepen the facts, which appear within the frame of the projection principle,
just in connection with the appearances in space and time.

In projection theory, we have at least “two” objects, the object and its counter-
part (Section 6.1.7); the objects themselves are geometrical structures in space and
time (denoted by ðr, tÞ space). Because there are at least two objects (geometrical
positions) at each clock time τ, there can only be at least two space–time position.
Therefore, there are at clock time τ only space–time distances Δx,Δy,Δz,Δt but
never isolated space–time points x, y, z, t. The space–time distances are arbitrary in
the case of distance-independent interactions (correlations) and systematically in
the distance-dependent case.

The fact that only space–time distances Δx,Δy,Δz,Δt of objects (geometrical ob-
jects in space and time) are definable is in accord with the fundamental observa-
tions (Chapter 1): We can only say something about “distances” in connection with
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masses, and “time intervals” in connection with physical processes. The four num-
bers of single, isolated x, y, z, t points are not expressible. Thus, single isolated ob-
jects cannot exist in space and time. The projection principle fulfills this condition.
That is, the projection principle gives automatically that what a human being actu-
ally observes.

Object/antiobject pairs in projection theory
Again, within the frame of the projection principle, at least two objects exist at each
clock time τ, and this is because any object can only exist in connection with its
counterpart, which is a certain kind of antiobject (Chapter 6). That is, in projection
theory we have object/antiobject pairs. The existence of antiobjects is necessary be-
cause the conservation laws of energy and momentum must be fulfilled.

In traditional quantum theory, just the opposite is the case: There exist parti-
cle/antiparticle pairs (Section 7.2) because, due to ΔEΔτ≥ �h 2= , the conservation law
for the energy is temporarily violated.

7.4 Summary and final remarks

1. We first discussed the situation in GTR and in the traditional form of quantum
field theory. Both theories deliver excellent results, but these theories are mutu-
ally incompatible. This is a problem and we tried to explain this unsatisfactory
situation as follows: The container model, on which both frames are based, re-
flects an approximation, which is obviously compensated within both theoreti-
cal frames through other theory-specific approximations.

2. The critical analysis with respect to the container model points on effects in
nanoscience and cosmology. The developments in both realms need a system-
specific time, which is not accomplishable within the container view, but a
more sophisticated conception is required. The projection principle is here in
the foreground.

3. We discussed the cosmological constant. The expected value for it is small and
the predicted quantum field theoretical value is very large. The theoretical pre-
diction deviates from the observed value by a factor of 10122. The discrepancy
could in fact hardly be larger. This situation is often considered as the deepest
mystery of present physics. The reason is obviously due the fact that there is no
genuine uncertainty relation between the energy and the time in the traditional
form of quantum theory.

4. Space and time are in traditional quantum theory definitely not symmetrical to
each other and this is in contrast to the fundamental results of STR. In this con-
nection the following facts are relevant: Whereas the coordinates are “statistical”
quantities, the time does not behave statistically. The time remains unchanged
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when we go from classical mechanics to quantum theory. This is clearly reflected
in the fact that the coordinates can be “operators,” time is always a simple “pa-
rameter.” Only the clock time τ exists in all versions of traditional quantum the-
ory. Within projection theory clock time τ is a reference time, but we have here
system-specific times.

5. The more we penetrate into the details of nature, the more we need realistic
conceptions for their description. Thus, we need scientific conceptions with in-
creasing sophistication. In such cases, the basic laws will be more and more
disclosed. This often means that the complete theoretical frame has to be re-
newed. The use of a modified version of the space–time is such step, where we
enter the realm of “cosmology” as well as that of “nanoscience.” In both cases,
we expect the existence of a system-specific quantum time for the understand-
ing of self-organizing processes in nanoscience and for the description of the
cosmological constant.

6. The conservation laws are important because the processes in nature are kept
with them under control. In fact, since the energy can be (temporarily) violated
in traditional quantum theory through the existence of ΔEΔτ≥ �h 2= , we get an un-
controlled production of particle/antiparticle pairs, which leads to an unaccept-
able (wrong) value for the cosmological constant. Within the frame of the
projection principle, the conservation law of energy is valid and we get in fact
instead of relation ΔEΔτ≥ �h 2= the genuine uncertainty relation δEδt ≥ �h 2= , where
t is the required system-specific time.
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