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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.

https://doi.org/10.1515/9783110525595-202
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VI —— Preface

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.
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Preface — VII

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 Schrédinger 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

Nanostructured materials

Nanomedicine « Laws of theoretical physics 1.1
Bioinformatics

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

i (1.2)

Laws of theoretical physics
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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.
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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 7, instead of ¢t and call it “clock time.” Only this type
of time exists in traditional physics. The characteristics of time 7 were introduced
by Newton more than 350 years ago, but its attributes remained up to the present
day. The time 7 is basically classical.

1.2.1 No quantum aspect of time!

In fact, the character of the clock time 7 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 T
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 7 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 7. There is no quantum aspect of
time so far.

The clock time 7 appears in Schrédinger’s equation without to modify its clas-
sical character. The coordinates x,y,z behave statistically in traditional quantum
theory but not the time 7. 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 Schrédinger’s equation, we work with a
classical time 7. 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 Schrédinger’s theory, the potential
U(r) within Schrodinger’s equation has to be replaced by U(r, 7).

In conclusion, only the classical time T appears in the quantum-theoretical de-
scription of traditional quantum theory; no other type of time is defined or intro-
duced here. Already, Erwin Schrédinger 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 (Schrodinger, 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 7 defined through an external clock) as in
classical mechanics and traditional (conventional) quantum theory. For this pur-
pose, Schrodinger 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 t within Schrédinger’s equation, by introducing an operator for the
time. This is however not possible as Schrodinger himself demonstrated. This must
have major implications. Schrodinger’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 Schrédinger’s equation itself. It
must be emphasized that Schrédinger’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.
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The space as container

The physical basic frame, on which Schrédinger’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 7 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 7, 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 T
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 T 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

C(a, E) (1.3)

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

. . 0

H(a, —ih a_E) (1.4)
The parameter @« sums up coordinates in operator form and the momentums. The
variable E is the energy. The time operator C is not known in traditional quantum
theory, and also not the Hamiltonian H in this form. The operator —iho/oE, which
appears in H, is the operator for the time coordinate; — ik /OE is not defined in tra-
ditional quantum theory.

The operators H and C belong together, which is reflected by the fact that the

operator —ihd/dE in H and the variable E in C form a commutator of the form

{E, —iha%] =ih (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 C‘(a, E) is the time operator for the system under investigation, that
is, it is system dependent. The operator —iho/dE 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
—1iho/oE.
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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
—1ho/oE for the time coordinate, we get the system-specific time ¢, and the variable ¢
reflects the quantum time as well and exists simultaneously to —ihd/oE.

All laws and expressions deduced within this frame are independent of the
clock time 7, but T remains an essential element. 7 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 ¢ re-
flects the quantum aspect of time together with C(a, E) and H(a, —ihd/dE). Just this
possibility is not given in traditional quantum theory, where we have merely an ex-
ternal parameter T for the time without any quantum aspect. Nevertheless, the
clock time 7 is also in connection with the projection principle an essential entity.
As we have remarked previously, T 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 — B; (1.6)
AHB[

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 7, and reaches the final state B at clock time 1. For times 7 > 75, the system is
permanently in the stationary state B. The self-organizing process takes place for
T, <7 <Tp and is time dependent.

What does “time dependence” here mean? It does not refer to the clock time 7 be-
cause T is an external time and has nothing to do with the system under investigation
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and, furthermore, 7 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 7, 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 7, although the process itself is quantum
mechanical in character. In Schrédinger’s equation for nonstationary processes,
only the clock time 7 appears. That is, the outcome B is described 7 dependent,
which we want to denote by B; [see scheme (1.6)].

For the transition from A to B in the time interval 74 <7 <1, 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 74 <7 <7p. On the other hand, for
7> 1p 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 7. We can, therefore, not expect
that the state B; is close to the real state B of nature; it will even have no similarity
with it. Thus, we have

B +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 7 appears in
Schrodinger’s equation without changing its character; 7 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 Schréodinger’s theory (Section 1.2.1). The details
are difficult to analyze because Schrédinger’s equation cannot be deduced; there is
no consistent physical frame for that. Schrédinger’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 ¢, 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 7.

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 —ihd/oE [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 7, the coordinates x,y,z and the system-specific time ¢ 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 B, fulfills

B;=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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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.

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 7. 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 7 of the inner pic-
ture are identical with that of reality outside. This is the fundamental assumption
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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 7.

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 74
goggles with inverting glasses. For times

T<Ty (1.9)

observer A has a certain space structure P; 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 At upside down, that is, instead of the state P,. The space
structure is now in the state P, , o;, which is different from P;: P;, , o;#P;. In other
words, at T =17, a transition from P; to P, , o takes place:

P, _)PTA+AT (1.10)
The transition is effectuated by the goggles. The state P;, ., remains conserved

during the time interval At.
This is the case for times T with

Ta<T<Ta+AT (1.11)

At time
T=Ty+AT (1.12)

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

Pr

A+AT T P; (1-13)

Thereafter, objects are again seen as they have been before, without goggles. There
is no intervention through human being A at T=14 + A7. That is, the goggles are
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still present in unaltered position. This state P; remains for all times 7 larger than
Ty +AT:

T>Ta+AT (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 7 =74 + At [eq. (1.12)], and they are still
present for T > T4 + AT [eq. (1.14)]. That is, there are no changes in the world outside.

Then, the space structure P; before the eyes of human being A for 7>74 + AT
can only be a picture of reality (the inner world). The mind-brain complex operates
on the basis of the space structure P, , 5 at time 7=17, + At [eq. (1.12)] and which is
present for 74 <7 <74+ A7 [eq. (1.11)]. Thus, the space structure Py, . ; is nothing
else than a picture of reality.

In other words, the space structures P, and P; , +Ar 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 7 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 7. In what form do they appear in nature? Let us first consider the time 7, which
we measure with our usual clocks. Clearly, a clock does not produce 7. But what is
the mechanism behind 7? Here, the metaphor with the San Francisco cable railway
is a possibility to understand 7.

The external time, displayed by our clocks, reflects rather a naive 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 7 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 7 which is the clock time.

If space and time would be physically real quantities, these basic quantities,
that is, x,y,z and 7 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 1 of space and time.

The single elements x,y,z and 7 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 7, 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 7, 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 7 we have space structures,
that is,, x,y, zstructures, before our eyes. However, we do not experience the basic
elements x,y, z at T, but we observe “objects” in such cases and this has nothing to
do with the observation of the single elements x,y,z and 1.
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What do we actually observe in connection with the space-time elements x, y, z
and 1?7 Here, the following facts are relevant: We never observe single elements x, y,
z and 1, 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 T 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 T 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 7 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

Piece of space

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 7, 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 7, 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 7) 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.

Physical reality

. Figure 1.3: The physical reality does not contain
no space, no time s Py y

space and time. On the other hand, human beings do
the observation in space and time. Thus, the physical
Projection l reality is not directly observable. We perceive
geometrical structures in space and time, which are
Geometrical structure projections of facts of physical reality outside. In this
x in way we obtain a picture of realty. The physical reality
X space and time remains hidden in its basic form. 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:

Container model

I (1.15)

Projection 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 7 reflect objects in geometrical form,
which are embedded in space having the elements x,y,z and 7. What are the facts
on which the elements x,y,z and 7 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 1 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 7. We define them only! We define a time
value 7 as a clock hand but, as we have stated in Section 1.6.1, the value T 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 7, 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 7 (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 1) 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 7, 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 7, 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 7 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 7. At time 7, the system has a certain space structure {x,y,z} em- The
clock time 7, which is the reference time, moves monotonically from small to large
values, that is, it moves strictly in one direction:

THT2 oo s Tiy ves (1.16)
with
TI<Ty< + - <Tj< -+ (1.17)

The space structure of the system varies and is, in general, different for different
values 7;. The system can be a single object or an ensemble of objects. Therefore,
we have the following allocation:

1
T — {X’ y’z}system
2
T2 — {X’ y’z}system
(1.18)

7 — {xy, Z};ystem

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 At = 7,,, — T, 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 t;. Then, we get an ensemble of system-specific times:

t, b, ..., t, ... (1.19)

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

1
{X> Vs Z}system—> t
2
{X’ Y Z}system_) t
(1.20)

Xy, Z}lsystem_) ti

Due to egs. (1.18) and (1.20), each space structure is correlated to two time values.
For example, space structure {x,,z}en in egs. (1.18) and (1.20) is characterized
by 1; and ;.

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 7. That is, there exists one 1 scale and this has been chosen arbitrarily.

1.7.4 Timescales

The system-specific time ¢ 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 7 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 7. That is, the T scales of the physically real systems can be chosen arbi-
trarily as well, but have to be identical with the 7 scale.

However, there are other features of the various system-specific times that cannot
be chosen arbitrarily. The system-specific time ¢ is a “quantum time” (Chapter 6) and
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it is not only characterized by a 7 scale, but also through the 7 ranges as well, which
are different for different systems. The quantum aspect of the system-specific time ¢
is expressed by probability densities with respect to the variable ¢.

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 (¢ scales) and the reference time-
scale (1 scale) have to be chosen identical, that is, we have

t scale=T scale (1.21)

Each space structure {x,y, z}iYstem in egs. (1.18) and (1.20) is characterized by the
two time values 7; and ¢;. Furthermore, since both timescales are identical [scheme
(1.21)], with egs. (1.18) and (1.20), we get the following allocations:

=T
b=1
(1.22)
i=Ti
The system under investigation moves through an ensemble of time values
tty, -ty - (1.23)
and we want to express this ensemble (spectrum) by the symbol {t} e
{}system =t ts s tis - (1.24)
With egs. (1.18), (1.20) and (1.22), we have
Ti=t — {X’y’z};ystem
)=t — {X»y’z}gystem
(1.25)

Ti=t — {X’y’z}éystem

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 7. 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 7, the space structures of the two systems and, cor-
responding to eq. (1.18), we have

1 1
71— {X’y’z}systemm’ {X’y’z}systemk (1‘26)

The human observer registers, on the other hand, at clock time 7, the changed
space structures of the two systems m and k, which is expressed by

2 2
= {X’ y’Z}systemm’ {X’y’z}systemk (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
7, and 7, four space structure [see egs. (1.26) and (1.27)], we must have four system-
specific time values: ti,, tix, tam, tx. These values are connected to the space struc-
tures given in egs. (1.26) and (1.27), and we have
1
{X’y’z}systemmﬁ tim
1
{X’ y’Z}systemk*} bk
2
{X’Y)Z}systemm*) toam

2
{X’ Vs Z}systemk_) tok

(1.28)

When we go from 7; to 7, we have space structure changes with respect to system m
and with respect to system k. With eqgs. (1.26) and (1.27), we immediately get for the

space structure changes A{X,y, 2z} iemm and A{X, ¥, Z} gem k- the relations

2 1
A{X’ Vs Z}systemm = {X’ Y Z}systemm - {X’ y’Z}systemm
! (1.29)

Aty =ty — tim, AT =T - Ty

and

2 1
Ax.y, Z}systemk ={xy, Z}system K= {% y>Z}systemk
! (1.30)

At =ty — i, AT =T, — T4

The human being compares the space structure changes A{X,y,z}semi and
A{X, ¥, Z}gystemm With each other, and these space structure changes correspond to
time effects Aty, = tan — tim and Aty =ty — tig.
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If we have
A{X’ y’Z}systemm > A{X’ -V’Z}systemk (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 egs. (1.29)
and (1.30), we obtain in fact the constant time intervals

Atm = Atk =ATp (132)

All that is judged relative to human observer’s own time feeling, which is expressed
through the clock by A1, =15 - 73.

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 7;. At clock time 7, he registers system m and at
clock time 75 he registers system k. Then, we have the following situation:
1 1
1 — {X’ y’Z}systemm’ {X’ y’Z}systemk
T — {%.Y: Z}ystemm (1.33)

3
T3 — {X’ Y Z}systemk

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

A{X’y’z}systemm = A{X’y’z}systemk (134)
In analogy to egs. (1.29) and (1.30), we have with eq. (1.34)

2
A{X’ y’Z}systemm = {X’ y’z}systemm - {X’ y’z};ystemm = A{X’ y’z}systemk
| (1.35)

Aty =ty — tim, AT =T — Ty

and

3
A{X’ Y>Z}systemk = {X’ Vs Z}systemk - {X’ y’Z};ystemk = A{X’ y’Z}systemm
1 (1.36)

Aty =3 — ty, AT3 =T3 - T4

The systems m and k are different from each other and condition (1.34) is fulfilled.
In particular, we have
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Aty # At
S (1.37)
ATi3# ATy
and
Aty =AT
mooe (1.38)
Aty = ATy3
If we have
Aty > Aty (1.39)

the structural changes of system m in the time interval At,, are identical with the
structural changes of system k in the time interval Aty. 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
egs. (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 Ay, and Aty3 refer to sys-
tem m and system k. We have At3 > Aty; in the case of Aty > Aty, 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,z},.q iS at clock time 7 directly before the eyes of human
beings.

This procedure does not reflect the system-specific time structure {t}
which is not directly observed at clock time 7, but the space structure {x,y,z},ouq4-
Nevertheless, we can make statements about the system-specific time because there
is a coupling between 7 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).

world?

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 t scale. We
observe the N systems successively at the clock times 74,75, ..., T;, .... That is, the
N systems are observed at each time 7; simultaneously. Instead of egs. (1.18) and
(1.20), we get

1 1 1
1 — {X’ Vs Z}system 1> {X’ Vs Z}system 2 {X’ y’z}systemN

T2 — 6%, 2 gystem o 06 V> Z agstem 2 -+ -+ £V 2} oystemn
(1.40)
7 — {x y>Z}iystem n {X’y’Z};ystem » o {X y>Z};ystemN
and
{x J’>Z}lystemlH tn
xy, Z};ystemz—’ tn
(1.41)

{X> Vs Z}lsystem m— tim

At each time 7 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

Ti=t1=t2=-"-=bnN
Ty=h1=b2="-=bnN

(1.42)
Ti=tij1=ti2=--=tin

Like eq. (1.22), relations (1.42) have to be seen as selection processes, where each of
the times ty1, tip, . .., tim, ... belongs to one of the N systems (objects). These are the
observations through selection processes.

The system-specific time ¢ is identical with the clock time 7, but ¢ is not 7. This
is valid for each of the N systems: At 7 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 7, we adjust the clock time to the time feeling of human
beings. The 7 scale reflects the standard system (Section 1.7.3). The choice of the T
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 7. If the values ¢ of a certain physically real system (object), having the
time spectrum {t}, are all different from 7, the system is not observable. This is the
case for all values t of the spectrum {t} if 7#t.

We set the time structure

{t} — ta, tl, tz, ey tb (143)

of a physically real system (object) in relation to the reference time 7, which re-
flects, in analogy to eq. (1.42), a time structure as well:

T= {1} —>T,72 .. > Tis - - (1.44)
with
TI<Ty< +++ <Tj< -++ (1.45)
Applying eq. (1.22), we get
t<th< - <tj< .- (1.46)
and
Ti=th<Ty=6H< - <Tj=t< --- (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 7 and t [eq. (1.22)], we can deduce certain
observation laws. Let the values ¢, and ¢, be the lower and the upper limits of the ¢
spectrum {t}y ., Of @ certain physically real system (object). Then, the system is
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observable if the observation time 7 is within the range of ¢, <7 <t;. On the other
hand, the system cannot be recognized by the human observer if 7 <t, or 7> t;. 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=T.

The situation corresponds to what we observe in everyday life: We have at each
clock time 7 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 7 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
{t}system- I the case of N systems, we have N time spectra.

{thystemmr M=12,...,N (1.48)

At clock time T;, 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 7, that is, only one ¢t
value of the spectrum {t}.r, is observable and this value is given by ¢=7. In the
case of N systems, we have N ¢t values at clock time 7. This is expressed by

selection

{t}system n— = tlsystem n=Tb N = L2,...,N (1.49)

All N systems have the same time value at 7;. Equation (1.49) describes a selection
process. Systems for which a t value is not defined at 7;, 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 {t}’s‘ystemn, n=1,2,...,N with the reference time
structure {7} [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 7, we get the impression that “all” systems are
described by the reference time 7, that is, their own system-specific time ¢ 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 # T are not observable.

Remark

Clearly, a nanostructure formed by atoms and/or molecules is such a space struc-
ture at time 7. Thus, nanosystems too reflect system-specific time spectra {t},,,,, 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 T,
which is expressed by our clocks. We do not experience the physically real (mate-
rial) world outside 7. Observations for times smaller than 7 and for times larger
than 7 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 7 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 7 changes when the clock moves with a certain velocity or when
the clock is positioned in a gravitational field. However, only the value of 1 is
changed but not its character.

As we remarked several times, Erwin Schrodinger 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 1. There are no observations pos-
sible outside 7. Only system-specific times with ¢ =T are observable.

3. [Itis 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 7 with ¢+, 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 xi,y;,z; for
object 1 and x», y», 2> for object 2. The space extension itself is then expressed by the
distance of the two objects:

AX =X — X1, Ay=y2—yb Az=2—271 (150)

The space feeling itself is not dependent on the size of the distances Ax, Ay, Az, but
it comes into existence through the existence of Ax, Ay, Az. The magnitude of
Ax, Ay, Az 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
Ax, Ay, Az 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 ¢; for space structure 1 and ¢, for space
structure 2. The space structure change itself is then expressed by the time interval
of the two space structures: At=t, — t;.

The time feeling (the time effect) comes into existence through the existence of At,
but also through the magnitude of At, that is, in contrast to space feeling, which is not
dependent on the distances Ax, Ay, Az, the time feeling is dependent on the time-
distance At. 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
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time 7. 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 = (p, py,p.) and the
energy E, can only exist if a system-specific time t exists. The clock time T 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
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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 complex];, .., # [mind-brain complex] (1.51)

human being
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 realityly, o, peing # [Picture of reality] (1.52)

turkey
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 reference] =space and time (1.53)

human being

[frame of reference| (1.54)

turkey — ?

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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Physical reality

Turkeyu Human being

[frame of referencely ey J J Eof referencelpyman being
. x
L) x
X
[picture of r('3“:‘lity]turkey [picture of reality]y man 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.

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.
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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

printed on 2/13/2023 5:36 PMvia . Al use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

46 —— Chapter1 Challenges in nanoscience

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 7 appears. No other type of time is defined here. Already Erwin
Schrédinger, 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 Schrédinger’s equation
itself. Obviously, the most basic features of the principal conception have to be
changed.

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.
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.

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.

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.

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

https://doi.org/10.1515/9783110525595-002
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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.
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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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Levels of reality

Figure 2.1: Basic reality is not accessible to human

’ A beings. They can only perceive the species-specific
o w043 part of it in the form of a picture. That is, in principle
T we cannot make any statement about basic reality
---------- — 1+2 which is symbolized in the figure by the full circle.
i ::\\ But we can observe or describe aspects of it within
R e n+1 the framework of levels (levels of reality). These
) oe— 1 levels are vertically arranged in accordance with the
Basic rea[ity 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.

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

printed on 2/13/2023 5:36 PMvia . Al use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

56 —— Chapter2 Directions of nanoscience

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 “Godels theorem” has to be con-
sidered and applied. [18].

Godel’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 Godel’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 Godel’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, Godel’s theorem is relevant. If one wants to make statements with
a mathematical system about itself, Kurt Godel 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 Godel’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 Gédel’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 G6del’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 Godel’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]

printed on 2/13/2023 5:36 PMvia . Al use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

2.4 Brain functions and computational neurogenetics =—— 59

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. Gédel’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 7; a system-specific time ¢ 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 Schrodinger’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 7 (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 1 the coordinates and the
momentums for all N objects (atoms, molecules):

T Xi)yiazi)pxi)pyf)pzi) i: 1) 21 e >N (21)

As an input we need the initial values at time 7,

PR S, S SN SN B i —
Tat xl_,yi,zi,pxi,pyi,pzi, 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

printed on 2/13/2023 5:36 PMvia . Al use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

64 —— Chapter2 Directions of nanoscience

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 7 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~! 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 7. 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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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.

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.
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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 1.

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 wy(gq) 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 v(r), where g(r) is
the well-known pair correlation function and v(r) 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

printed on 2/13/2023 5:36 PMvia . Al use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

2.7 The relevance of basic quantum theory for nanotechnology =—— 69

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:

wp(q)
(standard model of solids)
1
g(r), v(r)
(statistical mechnics)

!

molecular dynamics

(2.3)

(standard model for nanosystems)

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 Schrédinger 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 I1I 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; Schrédinger’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.
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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 7 is characterized by a
position vector r=(x,y,z) with the coordinates x,y,z. In Figure 3.1, two r vectors,
Y; = (X;,¥i-z;) and 1j = (X;, Y, 2;), are represented for the objects i and j. They are simul-
taneously existent at time 7, where 7 is again the clock time.

Reality
material structure

Space
Container

Figure 3.1: Within the container model, physically real entities are embedded in space, Here, two
rvectors, r; = (x;,yi,z;) and r; = (x;,;, Z;), for the objects i and j are indicated and are existent at time 7.
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 7, 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.

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 7 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 7 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 ¢
(see Chapter 1), which is an internal entity and belongs to the system under
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investigation and is therefore system specific. This type of time ¢ has nothing to
do with the time 7: 7 is external in character and is a reference time shown by
our clocks, which we use in everyday life and, therefore, we used for 1 the nota-
tion “clock time.”

In traditional physics, where the container model is applied, the system-specific
time ¢ is not known and defined, respectively. Here, the phenomenon “time” only ap-
pears in the form of the clock time 7. 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 r;¢;=(x;,y:,2i), ti and
1.t = (X},),2), tj for the objects i and j, are indicated that are simultaneously exis-
tent at time 7. 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 (r, t) space.

Basic reality

Projection U

T T ti

/

Space-time /
Picture

geometrical structure

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 7 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 r;, f; = (x;, ¥;,2;), t; and 1;, £; = (x;, ¥}, Z)), t; for the objects i and j,
are indicated that are simultaneously existent at time 7. 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.

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.
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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 (p,E) space. The contents of (p,E) space is pro-
jected onto (r,t)space; p and E themselves do not appear in space and time, but
form a separate space [(p, E) 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 r;, t; and 1;, t; in connection with (r,t) space. The correspond-
ing elements in (p, E) space are indicated by p;, E; and p;, Ej, also for the two objects
iandj.

That is, within the frame of the projection principle, the quantities p and E are
not embedded in space and time [(r,t) space], but are located in (p,E) space. The
contents of (p, E) space is projected onto (r, t) 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 (r, t) space, exclusively reflects mate-
rial states, that is, there are no states of the mind within (r, ¢) 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 (r,t) 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
1;,t; and 1;,¢; at time 7, has a certain momentum p and a certain energy E at the
same time 7: p;, E; and p;, E;. In contrast to the projection principle [Figure 3.3 (b)],
the quantities r;, ¢; and r;, ; with p;, E; and p;, E; have to be considered as physically
real. In particular, p;, E; and p;, E; are embedded in space, which is in contrast to
the projection principle [Figure 3.3(b)].
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Reality
T Pi £
* p;,E| (p,E)-space

L]

Projection U

P E; Picture
. x
L p/'.Ei Tint
T 0 (r,f)-space
Container Projection principle
(@ (b)

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 r; and r; at time 7, has a certain momentum p and a certain energy E at
the same time t: p;, £; and p;, E;. The quantities r; and r; with p;, £; and p;, £; have to be considered as
physically real. In particular, p;, £; and p;, E; 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 (p, E) space. The contents of (p, E)
space are projected onto (r, t) space, and p and E themselves do not appear in the space-time, but
form a separate space [(p, E) 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 r;, t; and r;, ¢; in (r, t)
space. The corresponding momentums and energies are indicated by p;, £; and p;, £; in (p, E) space.
Within the frame of the projection principle, the quantities p;, £; and p;, £; are not embedded in the
space-time, but the contents (in this case, p;, £; and p;, £;) of (p, E) space are projected onto (r, )
space and p;, E; and p;, E; 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).

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 7, 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 7, the three variables r, p
and E, that is, in this case, we have at each time 7 for each object a position, a mo-
mentum and an energy:

7:1,p, E (container model) (3.1
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In the case of projection theory, we have, in addition, the system-specific time ¢ and
we get,

T:1,t,p, E (projection principle) (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 7. Certain aspects in nanoscience seem to be described well on the
basis of T 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 10% 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 10, 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.

Reality
material structure

o o Container
o o Figure 3.4: The molecular dynamics method is an important
.o, Space with N tool in nanoscience and this method has often been applied.
S ® | material objects Molecular dynamics is based on the container model and
l 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

Molecular dynamics time T.

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 7 in an absolute space, that
is, they move in an absolute space and absolute time. These entities are considered
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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 10?~107 patrticles 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 10°~10” particles, for each particle at time T
the position r and the momentum p, that is, we have

T:XI;= (Xi> Y1, Zi))

(3.3)
Pi=( xi> Dyi> pzi); i=12,...,N
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]

sz ZUU Z Ui+ - (.4)

1 j k=1
} i#j#k
where m is the mass of the atoms and p; 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 vj; represents the pair po-
tential contribution and the term with vy 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

N N
> vi= Y v(|ri-x)) (3.5)

b=l b=l
i#) i#]
where ry, ..., ¥y, with }ri - rj| =ry, 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 v; 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:

N 2 N

H=S"2 IS~y (3.6)
i=1

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 a-Agl is highly disordered and its dynamics does not behave harmonically
[38]. A simple description (model) for a-Agl 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 v(r), 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

__ & __dH

pXi_ dxl""’pZN_ dZN
(3.7)

e__ag . aH

1 dei >+ e 4N deNi

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

(3.8)

where we have
Q(Ti) = (X1>y1)Zl) e ,XN,}’N,ZN)

(3.9)
p(1i) = (pxlapy1>pzl, . wprxpnypzN)
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In other words, we obtain the coordinates and momentums for all particles of the
system as a function of time 1, 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

To=k-AT (3.10)
with
AT=Ti 1 —Ti (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, 92 --->qn) (3.12)

and there are 3N momentums
b= (pl)p2> “ee )pBN) (313)

This space with the coordinates g and p is the so-called phase space, and each
point at time 7 corresponds to a mechanical state of the system. The evolution of
the system as a function of time 7 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 dgdp
around point g, 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.

@ (b)

q q
| Tk [ o | o (oo
Ve \_\‘\\ o |a| e LI L P
Kr‘\~//—3)) o o [®| s |enln |o|a e
\\ /:_//' e |ee|® |08 & | o (eefee
/ ~— ol ® s s e8| 0s|0s
7 .
dq | dq
jdp —p |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 7, there is one phase point g, p. (b) Statistical
ensemble. For details, see the discussion in the text.

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 7.

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:
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P2 - > BNPLD2s - - > PINT)
! (3.14)

p(q,p,T)

Since the number of points of the statistical ensemble is arbitrary, the function
p(q,p,T) will be normalized as

Jp(q,p, T)dgdp =1 (3.15)

The quantity
p(q,p,T)dqdp

can be considered as the probability of finding at time 7 a system of the ensemble
in the element dqdp at the point (g, p) of the phase space.

The definition of the density function (3.14) is meaningful only if this quantity
becomes stationary, that is, if p(g,p,T) takes an asymptotic value for sufficiently
large times 7:

lim p(q.p,7) =p(q.p) (3.16)

When the trajectory given by the elements g(7), p(1) is able to produce, over a suffi-
ciently long period in time, the 7 independent quantity p(g,p), the introduction of
p(q,p,7) 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[q(7),p(17)]=f(7) are
equivalent and we have

<f> - [f@pp(a P)dgdp

[p(q, P)dgdp (3.17)
and
1
<f> = TILIEO;Jf(T)dT 618

Different expressions exist for the density function p(q, p), which can be defined in
various ways, that is, we obtain different expressions for p(g, p). 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 p(g, p) 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 Vy, the object number N and the energy E are given. Then, the
quantity p(g, p) is expressed by

po = const
p(g-p)= _ (3.19)
0 otherwise
for
E<H(q,p)<E+A (3.20)
where E < A.

With the formulation (3.17), the average value of a function f(q, p) is given by

J f(q,p)dqdp

<f> = E<H(q,P) <f+A a0 (3.21)

E<H(q,P)<E+A

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,
Vy and T are given, where T is the temperature. The density function p(g, p) within
the canonical ensemble is expressed through

.

| exp{ - H,g’f )}dqdp

— oo

(3.22)

In other words, if N, Vy and T are given, the density function p(g.p) takes the form
of expression (3.22).

Grand canonical ensemble

Within the grand canonical ensemble, the system parameters Vy, T and u are given,
where u is the chemical potential. Then, we obtain for the density function p(g, p) the
relation that is different from relation (3.22). The expression

exp{ - Hl(;,Tp)} (3.23)

in eq. (3.22) is replaced by
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exp{ - W} (3.24)

and instead of eq. (3.22), we get

exp{ _ H(Q,kz;)T—yN}
Pap)= = P
i exp{ - 4‘1)(’;T K }dqdp

— oo

(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 — oo

Vy — o

(3.26)

N

V—N = const
Within this limit, the microcanonical, the canonical and the grand canonical en-
semble are equivalent, that is, the statistical average <f > of f(q,p) 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,p).

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 7 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(7) be the
velocity of a single particle at time 7. When we work with classical probabilities, the
probability, say dW, to find the velocity of one patrticle 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:

4 m \°? my?
glv)= N (m) v exp{ - m} (3.28)

and for the probability, we get
dW=g(v)dv (3.29)

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

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

4 (m\PT 4 my?
<> = \/_ﬁ<—2kBT> Jv exp{— szT}dv
0

3k
m

(3.30)

We obtain exactly the same value for <> if we average v* over the trajectory [cor-
responding to Figure 3.5(a)], that is, if we average over the object states v =v*(),
which it takes in the course of time 7. If we define a function v*(1,) by

7o
P(te) = L J V(1) dr (331)
To
0
we must have
lim V(1) = <v*> (3.32)

Tp—0o°

This means that after a sufficiently large time 7o, the velocity v(7) 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 79 — oo 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 A7 in order to fulfill eq. (3.32) in a good approximation?
Specific calculations showed that the time interval At is relatively small; to fulfill
eq. (3.32) one needs not more than 10° iteration steps, that is, At is of the order of
10" 5 if the time step is 10 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 p(g,p), 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

N3 N

V) =% NZ Z (3.33)

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

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 7. 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

Vj/|Vi|7 1‘21,27 NN 7]\f (334)
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at the initial time should be distributed randomly, where |v;| is identical with the
notation v; used in Section 3.4.5: |v;| =v; or [v|=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):

N
> vi/lvi|=0 (3.35)
i=1

This must be valid for all times 7. This condition is necessary because the conserva-
tion of momentum must be fulfilled at each time 7 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(v)dv [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

) %i vi]’
- ﬁ
]

i=1

a(t) (3.36)

we can study the behavior of the velocity distribution. The individual velocities
vi(1), 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 a(t) is exactly 5/3 for all times 7. With our initial velocity distribution, we
geta(t)=1.

It can be shown within realistic molecular dynamics calculations that thermal
equilibrium (a(t)=5/3) is reached after a few hundred time steps if we start from
a(t) =1; the time step is of the order of 10 * 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+oo) in such calculations, the sys-
tem fluctuates around its equilibrium value a(7)=5/3. These fluctuations increase
with decreasing particle number, that is, in Figure 3.6, we have N, < Ng, where N,
and Np are the particle numbers of two systems A and B. The variations of the func-
tion a(7) are object-independent, that is, they are independent of the interaction
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Figure 3.6: Schematic representation of the function a(t), defined by eq. (3.36). The system under
investigation is initially not in thermal equilibrium, which is reflected by a(7) =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 a(t) =5/3. Since the number of particles is
finite (N#o0), the system fluctuates around 5/3. These fluctuations increase with decreasing
particle number, that is, in the figure, we have N, < Ng, where N, and Ng are the particle numbers
of two systems A and B. The variations of the function a(t) 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, a(7) fluctuates around 5/3 for every system.

potential used in the calculation and they are also independent of the object mass.
Clearly, in the case of sufficiently large systems, (N — o), that is, for macroscopic
systems such fluctuations are (almost) zero and a(7) is a constant [a(t) =5/3] and is
independent of time 7.

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 7. It is defined by the well-
known relation

%m <v(1)’> = %kB T(1) (3.37)

With 1Y
<v(T)?> = NZVI.Z(T) (3.38)

i-1

we get for the temperature
m &
- 2

T(1)= NG, ; vi(T) (3.39)
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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.

m m\ / Figure 3.7: The temperature as a function of time 7 for
QL two systems, having again the particle numbers N4
and Np. It is a schematic representation. The mean
temperature is here denoted by T,,. Because of the
finite number of particles, the temperature fluctuates
around T,,. The temperature fluctuations increase

with decreasing particle number, that is, we have
time T N4 < Np in the figure.

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.
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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. lonic 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-patrticle
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 7, 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 Schrodinger’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:

u(r)=ao exp[-2a(r—ro)] - 2ap exp[ - a(r—ro)] (3.40)

where ag is a constant and r, is the intermolecular separation. The solution of the
radial part of Schrédinger’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 Schrédinger’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

printed on 2/13/2023 5:36 PMvia . Al use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

106 —— Chapter3 Classical treatment of nanosystems

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
o 12 o 6
vi=4e| (%)~ (%] G.4D

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:

1+3cos 0; cos 8, cos 63

3,343
TiTaln

(3.42)

U3(i,j, 1) =V

where v is a constant; the quantities r;;, ry, rjy and 6y, 65, 05 are the sides and angles of
the triangle formed by the objects i,j, I. The three-body potential vs(i,j,) 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 vs(i,j,1) on structural data is relatively small and, there-
fore, we cannot expect that the Lennard-Jones potential together with vs(i,j, 1)
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

v=v(r,a,b, ... (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:

v(r,a,b, ...)=ve(r,a, b, ...) (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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1 1 & 1

V(ty, ....,1y) = 3 E Vi + 3 E Vjjke + -+ - = EZ Veff (rl-,-,a, b, .. ) (3.45)
i,j i,j,k i,j
i# i#j#k i#

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

Y, 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 Vy, the probability distribution in phase space
is characterized by [70-72]

exp ( - %) (3.47)
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where H is again the classical Hamilton function, expressed here by
N p;
H= L +U(r, 1y ..., 48
;Zm + (r1 9] I'N) (3 4 )

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

The probability
PN (ry, 1y, ..., xy)dridr, . . . dry (3.49)
that particle 1 will be found in volume element dr; around position r;, particle 2 in
dr, around 15, .. ., particle N in dry around ry is expressed by
PN (ry, 15, ..., xy)dridr; . . . dry
= iexp(——U(rl’l}i;'T’ : ’rN))drldrz ...dry (3:50)
where U(r, 1y, ..., ty) is again the potential energy, which appears in the Hamilton

function (3.48). Zy is the N-body partition function and is in statistical physics
given by

U(r,x, ...,
7y = Jexp(— w>dndrzmdm (3.51)

Furthermore, we can define the situation for n objects. In this case, the probability
that n atoms (n<N) will be in dr; around 1, ...,dr, around r,, regardless of the
other N — n objects is obviously expressed by

PO (r, 1y, ..., 1y)dridr, . .. dr,

x R 3.52
:{ﬁ | exp(—W) drml...drN}drl...drn G52
B

— oo

In order to avoid the labeling of the N atoms, the quantity P*") has to be multiplied
by the factor N!/(N - n)! and we get the relation

N!

P (r, 1, ..., 1y) = (N_n)!P(")(rl,rz, LTy (3.53)
P™(ry,1,, ..., 1y) is normalized to unity and we get
T w N
[ P (1o, ..., xy)drdy, . .. dey = N-n (3.54)
Then, we have the following characteristic: the expression
P (11,1, ..., 1,)drdr, . . dr, (3.55)
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is the probability that one atom of the system will be in dr; at r; another in dr, at
Iy, .... The function p(”)(rl,rz, ...,Iyn) 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 P (1,1, ..., 1) [see eq. (3.52)]
takes the following form:

PM(x, 15, ..., xy) =P (1)) PP (1y) ... P (xy,) (3.56)

and with eq. (3.53), we obtain for the distribution function p™ (ry, 15, .. .,1,) for such
a random system the following form:

N!

(15 ) = ————p™ (1)p™ (1) ... p(x 3.57
P ( 1,12 > n) Nn(N_n)|p ( 1)p ( 2) P ( n) ( )
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:
P (r, 1y, .. 1y) = {p<"> (r)p™ (1) - - -p(")(rn)}g(") (X, 1y ... 1) (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™ (1, 15, ..., 1y)
is different from N!/(N — n)!N", that is, we have

N!

gV (r, 1, .. 1)
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 p(l)(rl) must be a constant, that is, the
quantity p (r1) is independent of r;. In particular, with eq. (3.54) we immediately get

N

P () =p@(t) = - =p™ (1) =
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Within the limit [see also eq. (3.26)]
N — oo

Vy — oo (3.61)

= ﬁ =const
P=v =

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

p M (1,1, ... 1) =p" (3.62)
and
g (r,1y, .., 1) =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:

Pt 1y, .. 1) =p g (1,1, ., 1y) (3.64)

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

L
g?(r,1) =X J exp(— W) drs ... dry (3.65)
B

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

v R
g(2>(r1,r2):2—x J exp| - T Z u(r, ) |drs. . dry (3.66)
“oo ,j=1
i#j

In the theory of bulk liquids, the two-particle correlation function g (ry,r,) is of
most interest; it depends only on |r; — r;| =r;; =7. Then, the pair correlation function
takes the form
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g (r,1)=g(r) (3.67)

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

a
1
g,(n
b
[~d
1

¢ Figure 3.8: The pair correlation function g,(r) = g(r) 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
—r surfaces.

K

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 v(r). 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= %NkBT +2Nmp J dru(r)g(n)r’ (3.68)
0

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

1 T1 1 &
. Ji, vt 1) exp | - Z v(r,x) |dr ... dry

i=1 Lj=1 (3.69)
i#] i#]
=2Nmnp [ dru(r)g(r)r*
0

The correlation functions are easily accessible by molecular dynamics calculations,
but we do not want to quote examples here.
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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 (r1,1;) from a given pair
potential

u(ri,r,-) :v(r),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 v(r;,¥;) could be determined through the
pair correlation function g(z) (r;,x;), but here, we need additional information about
the three-body correlation function g© (r;,r;,ry). There exists a general connection
between the pair potential v(r; r;), the pair correlation function g (r;,r;) and the
three-body correlation function g®® (r;,1;,1;.). In principle, v(r;, r;) can be determined
if g@ (r;,1;) and g (r;, ¥j, ;) are known:

g2 (1, 1), g% (11,15, 1) — V(13 17) (3.71)

Then, we have to make approximations for g® (r;, X, Xy).

The triplet-correlation function g (r;,1;,1)) is connected to the probability
PO) (11,15, 15) (see eq. (3.49)) and the distribution function p©® (11,15, 13) through the
relations

pM (1,10, 15) = N=3)! P™(xy,15,15) (3.72)
and
PP (1, 15,13) =p°g%) (11,12, 13) (3.73)
with
PO (1, 15,135) = 1 J exp(— M) dr,- - - dry (3.74)
Zy A kgT

where egs. (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®® (r;,1p) and all the higher
order correlation functions with v(r) 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(r) = g(2>(r1,r2). 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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1  n(r4r)

" 4nrAr p G.75)

g(r)

where p is the macroscopic density and n(r,Ar) is the density in the spherical shell
around a particle having the radii r and r + Ar. 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 -1/,
but these quantities depend on the vector field r=r1;;=r1;-1; 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=r;=r;-1; 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
pW(r) 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

p (1) =p(z) (3.76)

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

pM(2)=pg" (2) 3.77)

Also, the function g (z) is interpreted in terms of probabilities: gV (z) 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!)(2) 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

p? (r;- 1) =p? (2,2, |t; - 15)) (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 - r,-| as in the case of an isotropic and homogeneous bulk system, but
is dependent on the distances z; and z; as well, where z; and z; 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 |r; - ;| and their distances z; and z;
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 p"(r) 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 (z).

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,

2 TTTT TTTT TTTT TTTT TTTT 2 TTTT TTTT TTTT TTTT [ TTTT
a@ L N=500 1 L N=500 1
r=20kfd 9@ T=85KH
e — JM -
C f ] C ]
kl L1l L1l L1l L1l 111 lA kl L1l L1l L1l L1l 11 lA
10 0 10 20 30 40 -0 0 10 20 30 40

ZIAl Z[A]

Figure 3.9: Single-particle correlation function g'(z) (z is the coordinate perpendicular to the
surfaces) for simple nanoclusters consisting of N =500 krypton atoms at T=20 K and 7= 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 gV (z) mainly takes values of
one. This structure of g')(z) = 1 means that the local density is (almost) identical with
the macroscopic density p 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 (z) =1 to g!)(z) = 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 (z)=1 to g¥(z) =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 p, 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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.. 1
ik + EZ(},’)?}MFO; i=xY,z B.79)
Lj

where (;bf‘]l are the force constants and uf is the ith component of the time-
dependent displacement from the mean position r’g.

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

uf oc exp{i(q-r§ - wr)} (3.80)

The phonon density of states is relevant here. It is straightforward to extract the
phonon density of states g(w) from the dispersion curves w = w(q), 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(t)b(1")) (3.81)

are of interest, where

a(t)=alq(t),p(t)),
(-5
b(r")=b(a(r").p(r"))
Here, 7" and 7 are time values, which are in general different from each other, that
is, we have

’7

T+71 (3.83)

The angular brackets (- - -) 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 5(t) and is defined as follows:

a(q(t).p(r) =S’ ~1")a(a(t").p(x")) (3.84)

where $(t) can be written in terms of the well-known Liouville operator L as follows

S(1) = exp (iI:T) (3.85)
with
3N
. OH 0 O0H o
L=i) |/= -2 = (3.86)
; L’Cb opi  Opi aqi:|

where g; and p; denote again all the 3N coordinates and the 3N momentums of the
system. The quantities g; and p; have been introduced in Section 3.4 and represent
the most basic and complete information about a classical many-particle system.
When we have g; and p;, 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 7’ and 7"’ are relevant but 7’ - 7’
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{a(t)b(t"))=(a(0)b(z" - 7)) (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 a(0) =v(0) and b(t) =v(1), we get, with
eq. (3.81), the velocity autocorrelation function

(1) =(v(0)-v(1)) (3.88)

which is given in normalized form by

d(1)="—"—5" (3.89)

where v(7) is the velocity at time 7 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 ¢ (1) = ¢( - 7), the Fourier transform of ¢(7) is given by

flw)= 731 J ¢(1)coswt dr (3.90)
0

where f(w) is normalized to unity:

oo

Jf(w)da):l (3.91)
0

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

The frequency spectrum f(w), 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(w) 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(w):

_ kpgTm
T 2m

flw=0) (3.92)
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Using f(w) 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.
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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).

The result for T =20 K shows that the velocity correlations are long-living compared
to the correlations at T = 85 K. Therefore, in the calculation of f(w) by eq. (3.90), the
cut-off effects in the calculation of the integral for the T=20K case are larger than
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for T=85XK. For example, at T=20K the value f(w =0) becomes negative, although
f(w) 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=0.92x10"> cm?/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=7K (a) and T =102K (b). The melting temperature is 116 K.
The arrows in Figure 3.11 (T =7K) indicate the positions of the peaks in f(w), 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.

0.2 k
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0.2 R

f(w) 10712 sec]

0.1

2 4 6 8 10
w [102 sec™Y]

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=7K (a) and T =102 K (b). The
melting temperature is Ts =116 K (© 2011, American Scientific Publishers).

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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approximations. Therefore, the most reliable results for the velocity autocorrelation
function ¢(7) [eq. (3.89)] could be obtained on the basis on molecular dynamics
calculations.

On the other hand, in the theoretical modelling of ¢(7) the so-called memory
function I'(7) could be of interest for nanosystems. So far, the memory function I'(1)
has been used for the description of ¢p(7) in the liquid state. I'(7) is related to ¢ (1)
by the well-known integrodifferential equation

T

%(:) . Jr(r 7 )p(r)dr =0 (3.93)

o

and I'(7) is given by

I(t) = (3.94)

where P is a projection operator, and is defined through

oo

2 1 H ’ 7 /’ U
PG(q,p):vZexp{—m} J dq'dp'v-G(q.p’) (3.95)
G(g,p) is a phase function and LV is again the classical Liouville operator given by
eq. (3.86).

Concerning the memory function I'(7), we do not want discuss the details here,
but let us nevertheless give few remarks: Langevin diffusion is described by a delta

function:
[(1)=C 6(1) (3.96)

where C; 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:

['(1) = 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 I'(7), 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(w) is by molecular dynamics calculations.

printed on 2/13/2023 5:36 PMvia . Al use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

3.7 Nanoengineering =— 123

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 O 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:

T,

Vi(l') — Tvi(t), i=1,...,N (3.98)

In eq. (3.98), Ty is the desired temperature, and T and v; 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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4.5nm

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 300 K (© 2006, American
Scientific Publishers).

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.
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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 T,. 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 T,.

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].

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 x 10'° revolutions per second. (c) The number of revolutions is
increased to 10" 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).

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
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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 x 10 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 5x 10° 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 107! 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 10°. 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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20 nm

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 5x 10° 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).

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 10*? 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.
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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 ym, 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
10*2 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) T 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

printed on 2/13/2023 5:36 PMvia . Al use subject to https://ww.ebsco. confterms-of-use



EBSCChost -

3.8 Summary and final remarks =—— 133

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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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

https://doi.org/10.1515/9783110525595-004
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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) T 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,t
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 7 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 7, 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 7 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 7
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 7) 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 7, is not
represented by objects made of matter. What we experience at the clock time 7 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 1, 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

! (4.1)
Picture of matter
in
space and time

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 T when we identify the external observer with a human being. The situation is
summarized by the following scheme:

Matter in basic reality

T (4.2)
—— individual material entities in basic reality

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 y, which is embedded in basic
reality, the individual tools of evolution pull an optimal part of y and transfers it to
the mind of the individual. Let us denote the species-dependent optimal part by the
Greek letter a; a 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:

y (basic reality)
ltools of evolution (4.3)

a (mind)

The selected information a varies from species to species. Let us assume here that
a is the raw information of human beings, and a 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 a. In fact, it must be exactly the
same information because changes with respect to a 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 a and the structure in the pic-
ture of reality.

The raw information a 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 a 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 7 the x,y, z structure, which appears
before the eyes of human beings and which has exactly the same information as a,
the quantity a 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 1. In other words, 1 pro-
cesses a and creates the picture of reality that appears at clock time 7 as x, y, z struc-
ture before the eyes. Let us denote here the picture of a by the Greek letter 6. The
picture before the eyes human beings comes into existence in an unconscious way.

This picture 6 before a human being is not somewhere outside, but it occupies,
like a, 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 1 creates
the picture together with the coordinates x,y,z and the time (clock time) 7. This is
an important point and shows that the space—-time entities x,y,z, 7 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 a to 6 (the x,y, z, T structure), is rep-
resented and summarized in scheme (4.4):

a (mind)
bn (4.4)
0 (x,y,z, T structure in mind)

The way from basic reality to the picture of reality is summarized in scheme (4.5):

y (basic reality)
| tools of evolution
a (mind) (4.5)

In
0 (x,y,z, T structure in mind)

The tools of evolution pull the species-specific part a from the physically real object
y, and a is transferred to the mind. The raw information a will be processed by the
mind on the basis of the processing characteristic n and we get a picture 0 of the
physically real entity y in the form of an x,y,z structure that is observed at clock
time T 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 7 the physically real object y 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 0 is the representation of the material object y 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 y is located in basic reality and is there-
fore not accessible to human beings.

The object y is observer independent. This is however not the case for the picture
0, which is represented in space and time, and 8 is “observer dependent.” The reason
is obvious: the picture 6 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  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, T 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 y, but merely a selected part a of it. Only the information a is accessible to

human beings and is in everyday life given in processed form just in the form of a
X, Y, 2, T 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).

BARRIER

(selection of information:
effect of evolution)

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 y, is embedded in basic reality and represents the complete information.
However, this complete information of y 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.

4.2.2 No one-to-one correspondence

Because of the lack of the total information, we cannot describe the transition from
y to a and also not the processing from « to the x,y,z, 1 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 n) 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.
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4.2.3 Conscious and unconscious actions

At time T 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 1 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 7. 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 T and the “feeling” in basic reality take place at once, that is, also the feeling
takes place at clock time 7. 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 y 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 y cannot directly be registered by A, but only the picture of
the object y. In order to get a picture of y the observer A has to interact with y, 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 y,. In order to
be able to observe a certain object, say y, the observer A has to interact with y. For
simplicity, let us assume that y is a stone denoted here by ygrones Ysrong iS the phys-
ically real form of the stone in basic reality. The interaction process itself in basic
reality is symbolized by

Ya <7 VSTONE (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

0y <> (STONE (4.7)
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The processing in the mind of human being B is performed by his/her processing
characteristic ;. We obtain, also here in analogy to scheme (4.5), for the corre-
sponding situation in space and time the relation

04 < OsronE (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:

Ya < Ystone (basic reality)
| tools of evolution B

as « astone (mind of B) (4.9)

1 np

64 < Oston (X, Y, 2, T structure in mind of B)

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 84 < Osrong iS open for various observation levels. In other
words, 68, < Bstong 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 7. 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 84 < Ostong 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 Ostong, 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 8, < Ostong at this atomic level is here expressed by the structure and dynamics
of the system. The levels are indicated in Figure 4.2 by [04 < Os10NE]macroscopic @D
[6a < BsTONE]atomic -

Levels of observation

> [9A A GSTONE]atomic

0p € OstoNE ==

— [eA & GSTONE]macroscopic

Figure 4.2: In principle, the entity 64 < Ostone 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.

Representations

Since there is no space and time in basic reality, the structure of the complex
Ya < Ysrong Must be different from the picture 64 < 6srone of y,4 < Ysrongs Which
is a space—time representation. We have

Ya < Ystone # 0a < Ostone (4.10)

Again, the interaction between human being A and the stone takes place in basic
reality. The symbols are y, and yqroye, and the symbol for the interaction process
in basic reality is y, < ysrone- 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 y, interacts with yg;qyg 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.
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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, T structure of Figure 4.3).

Yo €2 Vstone  (basic reality)

\ tools of evolution A

astone (Mind of A)

v, Bs1oNE
e .
STONE —)
stone

(X, ¥, 2, T structure in the mind of A)

XV Z, T

(human being A)

Figure 4.3: Human being A observes the stone; both entities are again given in basic reality by y,
and ysrone- 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 astone from ygrone: @and asrone is processed by the processing
characteristic 7, of the mind of A. In this way, the picture of the stone Osrone is obtained and
appears as x, y,z, T structure in the picture.

If y, and ygpone 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.
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Vs H{ Vas ySTONE} (basic reality)

 tools of evolution B

A5 Asrone (mind of B)
eyes
\I’UB eA/y Crone
6 GstoNE —) s;e
(x, y, z,T structure in the mind of B)
XY 2 T

(human being B)

Figure 4.4: There is no interaction between human being A and the stone. The physically real
objects y, and ygrone €Xist in basic reality side by side; human being A knows nothing about the
existence of the stone. For the representation of both, y, and ysoye» the tools of evolution of any
other human being, say B, pull a4 and astone from basic reality. The mind of human being B
processes a4 and astone leading to the pictures 64 and Bstone in space and time (x, y, z structures at
time 7). The brain of A is indicated by the letter P. The situation is assessed from the point of view
of human being B.

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, 7
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
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has been symbolized in Figure 4.4 by y; < {y,, ysone } - If human being A interacts
with the stone, we get instead of {y,, ysyons } the term {y, < ygrone }» 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, yg
interacts with {y, < ysong} and we obtain y; < {y, < ysrong J- 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 Aand B

Let us analyze the situation in more detail: The stone is represented in the “mind of
B” as x,y,z,T structure, which is indicated by Osrong (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 Ostonr (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

1 (4.11)
2

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 Osrong in
space and time.

There is a coupling between the mind of 4 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 7, 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, T structure, where the picture X refers to human being A. That is, we
get the scheme

mindof A — P’
! (4.12)
X

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 Ostong 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 y, < ygrong i basic reality is observed by human
being B, that is, human being B, symbolized in basic reality by yg, interacts with
the complex y, < ygrone and we have yp — {y, < ygrong -

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, 7 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 y, < ysrong iS pulled through the tools of evolution of
human being B and we get the entities a4, asrong, which reflects y, < pgrong 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 r5, we obtain the pictures
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7 < {¥ < Ysrong}  (basic reality)

1 tools of evolution B

.0 grong  (mind of B)

eyes
Ln B - / X
0 4> Osrone —) 6 —@
o < Osrong
(x, y, z, T structure in the mind of B) 0,
X, V2, T

(human being B)

Figure 4.5: The symbols y, < ysrones @a> Ostone and 64, Ostone are explained in connection with
Section 4.3.2 and Figure 4.4. The x, y,z,T structure contains the representations Osrone and 6, 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 Ostone is represented in the mind of B as x, y,z, T 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 Ostong, which is indicated in the figure by an arrow going from A to
Bstone- The pictures Bstone and X are projections at each time 7 on the two spaces located in the
mind of B and in the mind of A. The conditions are formulated by eq. (4.13).

04 and Bstong resulting from the interaction process y, < ysrong- The pictures 6, and
Ostone reflect the x,y, z, T 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 Ostong
(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 n, and creates a space—time picture of the stone, which we denoted by the
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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, T 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, T 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 Osrong (see Figure 4.5). The
X,Y,z, T 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,7}, of mind A. On the other hand, the space-time picture Osrong of
the stone appears as projection onto the space—time structure {x,y,z, 7} 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, T 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, T 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 [X] ,osition in 4» 1S identical with the space—time position [fstone]
of picture GSTONE-

Furthermore, the space-time frames {x,y,z,7}, and {x,y,z,7}5 of human being
A and human being B must be congruent and have to be identical. Then, we have
the following conditions:

position in B

[X]Dosition ina = [QSTONE]DOSMOH in B (4.13)

xy.zt,={xy.21}p

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 Osrong, X [eq. (4.13) is valid] before his/
her eyes, which is indicated in Figure 4.5 through an arrow going from A to Ostong, 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 7. 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, 7 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 Ostoxg Within the brain of human being A
using the space time frame {x,y,z,7}; 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 Osrong in the space—time picture of human being B; the space—time frame is
again indicated by {x,y,z,7}. 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 pr