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Abstract 
 
The proposed Unified Field Theory (UFT) provides an all-encompassing theory, where 
physical models of different physical areas are no longer decoupled and differently scaled 
according to their different levels of granularity. The proposed UFT supports the aspiration 
of A. Unzicker's book "Mathematical Reality", to form a consistent picture of reality by 
observing nature from the cosmos to elementary particles, (UnA2); it also support the 
theme of his book, ά¢ƘŜ Liquid (metallic hydrogen) Sun, A Coming Revolution In Astro-
Physics, (UnA4), (RoP), (JeJ). 
 

The mathematical modelling framework of the UFT is based on the Hilbert-Krein space 
theory and the concept of a Krein space intrinsic self-adjoint (Hamiltonian) potential 
operator. 
 

The physical modelling framework is governed by a deductive structure of an appropriately 
defined scheme of ‖-quanta numbers. The two baseline dynamical quanta, the electrino 
and the positrino, define a αƎǊƻǳƴŘ ǎǘŀǘŜ energyά Hilbert space, called dynamical vacuum 
energy system. The mathematical construction of those baseline ‖-quanta numbers is 
based on the fact that there is a Schnirelmann density of ½ for the set of odd integers and 
only a Schnirelmann density of zero for the set of even integers. Therefore, the related ‖-
quanta numbers provide a mathematically existing vacuum density of the electrinos (related 
to the odd integers), while the mathematical vacuum density of the positrinos (related to 
the even integers)  is zero. Accordingly, there is a kind of άprobabilityά that a positrino meets 
an electrino (which becomes the birthday of a neutrino) and there is also a kind of 
άconditional probabilityά that a neutrino meets an electrino (which becomes the birthday 
of an electron), and a kind ofάconditional probabilityά that a neutrino meets a positrino 
(which becomes the birthday of a positron). Similar creation processes may happen in the 
deductive the energy Hilbert scale structure up to the 1-component Dirac2.0 layer. 
 

The integration of the gravitational dynamics into the UFT may be governed by (1) the 
Mach2.0 ǇǊƛƴŎƛǇƭŜ όǘƘƛǎ ƛǎ ōŀǎƛŎŀƭƭȅ ǘƘŜ aŀŎƘ ǇǊƛƴŎƛǇƭŜ Ǉƭǳǎ 5ƛǊŀŎΩǎ αnew basis for cosmologyάΣ 
ό5ƛtнύΣ ōȅ όнύ ǘƘŜ αglobal nonlinear stability of the Minkowski spaceάΣ ό5Ŝ/ύΣ όYƭ{ύΣ ŀƴŘ ōȅ όоύ 
tensorial integral equations of the Einstein field equations, (LaK). The new framework 
ƛƴŘƛŎŀǘŜǎ ǘƻ ǊŜǾƛǎƛǘ αThe Universe Around UsάΣ όWŜWύ, (JüF), and the philosophy of C. S. Peirce, 
a kind of logical idealism, where logic and mathematics provide the most important 
principles of metaphysics, (PaH), (EcU). 

 

 

(*)   Sept. 2024 updates on pp. 1-2, 7, 10-11, 16, 26-27, 31, 35, 37-39, 82-83, 87-88, 116 
       Oct. 2024 updates on pp. 6, 10-11, 29, 32-33 
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0. Prologues 
 

D. Bohm 
Wholeness and the implicate (and explicate) order in physical law 

 
α²Ƙŀǘ ǿŜ ǳǎǳŀƭƭȅ Ŏŀƭƭ αǇŀǊǘƛŎƭŜǎά ŀǊŜ ǊŜƭŀǘƛǾŜƭȅ ǎǘŀōƭŜ ŀƴŘ ŎƻƴǎŜǊǾŜŘ excitations on top of this vacuum. Such 
particles will be registered at the large-scale level, where apparatus is sensitive only to those features of the 
ŦƛŜƭŘ ǘƘŀǘ ǿƛƭƭ ƭŀǎǘ ŀ ƭƻƴƎ ǘƛƳŜΣ ōǳǘ ƴƻǘ ǘƻ ǘƘƻǎŜ ŦŜŀǘǳǊŜǎ ǘƘŀǘ ŦƭǳŎǘǳŀǘŜ ǊŀǇƛŘƭȅΦ ¢ƘǳǎΣ ǘƘŜ αǾŀŎǳǳƳά will produce 
no visible effects at the large-scale level, since its fields will cancel themselves out on the average, and space 
ǿƛƭƭ ōŜ ŜŦŦŜŎǘƛǾŜƭȅ αŜƳǇǘȅά ŦƻǊ ŀƴ ŜƭŜŎǘǊƻƴ ƛƴ ǘƘŜ ƭƻǿŜǎǘ ōŀƴŘΣ ŜǾŜƴ ǘƘƻǳƎƘ ǘƘŜ ǎǇŀŎŜ ƛǎ Ŧǳƭƭ ƻŦ ŀǘƻƳǎάΣ ό.ƻ5мύ ǇΦ 
111 
 
α²Ƙŀǘ ƛǎ ōŜƛƴƎ ǎǳƎƎŜǎǘŜŘ ƘŜǊŜ ƛǎ ǘƘŀǘ ǘƘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ƭŜƴǎ ŀƴŘ ƘƻƭƻƎǊŀƳ Ŏŀƴ Ǉƭŀȅ 
ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇŀǊǘ ƛƴ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ŀ ƴŜǿ ƻǊŘŜǊ ǘƘŀǘ ƛǎ ǊŜƭŜǾŀƴǘ ŦƻǊ ǇƘȅǎƛŎŀƭ ƭŀǿΦ Χ ǘƘŜ ǿƻǊŘ αƛƳǇƭƛŎƛǘά ƳŜŀƴǎ 
αǘƻ ŦƻƭŘ ƛƴǿŀǊŘάΣ ό.ƻ5мύ ǇΦ мус 
 
αLǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŜƳǇƘŀǎƛȊŜΣ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ƳŀǘƘŜƳŀǘƛŎǎ ŀƴŘ ǇƘȅǎƛŎǎ ŀǊŜ ƴƻǘ ōŜƛƴƎ ǊŜƎŀǊŘŜŘ ƘŜǊŜ ŀǎ ǎŜǇŀǊŀǘŜ 
but mutually related structures (so that, for example, one could be said to apply mathematics to physics as 
paint is applied to wood). Rather, it is being suggested that mathematics and physics are to be considered as 
ŀǎǇŜŎǘǎ ƻŦ ŀ ǎƛƴƎƭŜ ǳƴŘƛǾƛŘŜŘ ǿƘƻƭŜάΣ ό.ƻ5мύ ǇΦ мфф 
 
α9ȄǇƭƛŎŀǘŜ ƻǊŘŜǊ ŀǊƛǎŜǎ ǇǊƛƳŀǊƛƭȅ ŀǎ ŀ ŎŜǊǘŀƛƴ ŀǎǇŜŎǘ ƻŦ ǎƴŜǎŜ ƻŦ ǇŜǊŎŜǇǘƛƻƴ ŀƴŘ ƻŦ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ǘƘŜ ŎƻƴǘŜƴǘ ƻŦ 
such sense perceptionάΣ ό.ƻ5мύ ǇΦ нлл. 
 

R. Courant 
 

αEmpirical evidence can never establish mathematical existence ς ƴƻǊ Ŏŀƴ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎƛŀƴΩǎ ŘŜƳŀƴŘ ŦƻǊ 
existence be dismissed by the physicist as useless rigor. Only a mathematical existence proof can ensure that 
the mathematical description of a physical phenomenon is meaningfulάΣ όIƛ{ύ ǇΦ мпу 

 

H. Dehnen et al. 
 

"Soll das Prinzip der fiktiven Veränderung physikalischer Größen (insbesondere auch bei den universellen 
Naturkonstanten) generell durchführbar sein, so muß es sich auf beliebige elementare Wechselwirkungen 
ausdehnen lassen. Auf diese Weise kann auch verständlich gemacht werden, daß man die räumliche 
Ausdehnung und Zerfallswahrscheinlichkeiten der Atomkerne grundsätzlich ebensogut zur Längen- und 
Zeitmessung benuǘȊŜƴ ƪŀƴƴ ǿƛŜ ŘƛŜ 9ƛƎŜƴǎŎƘŀŦǘŜƴ ŘŜǊ 9ƭŜƪǘǊƻƴŜƴƘǸƭƭŜ ŘŜǊ !ǘƻƳŜΣ ōŜƛǎǇƛŜƭǎǿŜƛǎŜ ŜƛƴŜ α/ŅǎƛǳƳ-
¦ƘǊά ǳƴŘ ŜƛƴŜ α!ƳƳƻƴƛŀƪ-¦ƘǊά ƎƭŜƛŎƘŜǊƳŀǖŜƴ ŦǸǊ ŘƛŜ ½ŜƛǘƳŜǎǎǳƴƎ ƛƳ DǊŀǾƛǘŀǘƛƻƴǎŦŜƭŘ ƎŜŜƛƎƴŜǘ ǎƛƴŘΦ Χ 
 
Prinzipiell sind in (statistischen) Gravitationsfeldern nur Effekte nachweisbar, in welche Differenzen des 
Newtonschen Potentials an verschiedenen Raumstellen eingehen. Χ 
 
Zusammenfassend können wir also sagen, daß sich die gesamte Perihelbewegung folgendermaßen 
zusammensetzt: Die Massenveränderlichkeit im Gravitationsfeld liefert bereits den vollen Betrag derselben, die 
Massenveränderlichkeit im Sinne der speziellen Relativitätstheorie ein weiteres Drittel, während die Korrektur 
der Newtonschen Gravitationskraft dem Betrage nach ebenfalls ein Drittel liefert, jedoch die Periheldrehung um 
diesen Betrag verkleinert. Χ 
 
aŀŎƘ Ƙŀǘ ŘƛŜ ±ŜǊƳǳǘǳƴƎ ŀǳǎƎŜǎǇǊƻŎƘŜƴΣ Řŀǖ Řŀǎ ½ǳǎŀƳƳŜƴŦŀƭƭŜƴ ŜƛƴŜǎ αŘȅƴŀƳƛǎŎƘŜƴά ǳƴŘ ŀƴŘŜǊǎŜƛǘǎ ŜƛƴŜǎ 
ǊŜƛƴ αƪƛƴŜǘƛǎŎƘά ŘŜŦƛƴƛŜǊǘŜƴ .ŜȊǳƎǎǎȅǎǘŜƳǎ ƴƛŎƘǘ ȊǳŦŅƭƭƛƎ ǎŜƛƴ ƪǀƴƴŜΦ Χ 
 
Mit der Frage nach der Beschaffenheit der Welt im Großen wird aber auch das Machsche Prinzip wieder in seine 
alten Rechte eingesetzt. Χ 
 
Es wäre demnach konsequent, den Gültigkeitsbereich der allgemeinen Relativitätstheorie grundsätzlich auf das 
makroskopische Verhalten der Körper einzuschränken und darauf zu verzichten, die Raum-Zeit-Struktur der 
allgemeinen Relativitätstheorie bis in die Dimensionen der Elementarteilchen und Atome fortzusetzen. Diese 
Anschauung wird gerade durch das Machsche Prinzip nahegelegt: denn nach diesem können Raum und Zeit nur 
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als denkbare Wechselwirkungen zwischen Körpern und Ereignissen einen Sinn haben, nicht aber als absolute, 
physikalisch wirksame Realitäten aufgefaßt werden. Daher dürfte das Raum-Zeit-Kontinuum der 
Relativitätstheorie die physikalische Bedeutung einer Kontinuumsapproximation von Wechselwirkungen 
zwischen Körpern (Elementarteilchen) besitzen, welche von den Gesetzen der Quantentheorie beherrscht 
werden. Diese Approximation wird umso genauer sein, je mehr materielle Körper an ihrem Aufbau beteiligt sind. 
Das Raum-Zeit-YƻƴǘƛƴǳǳƳ ǿŅǊŜ ŘŜƳƴŀŎƘ ƴǳǊ ŘŜǊ α{ŎƘŀǳǇƭŀǘȊά όǊŜǎ ŜȄǘŜƴǎŀύΣ ŀǳŦ ŘŜƳ ǎƛŎƘ Řŀǎ ŜƛƎŜƴǘƭƛŎƘŜ 
Geschehen der Welt, das Quantengeschehen, abspieltά, (DeH), cited in (UnA1) p. 142 with the statement: 
 

αȅŜǘ ǘƘŜ ŀǊǘƛŎƭŜ ŘƻŜǎ ƴƻ ƭŜǎǎ ǘƘŀƴ ŜȄǇƭŀƛƴ ŀƭƭ ƪƴƻǿƴ ǘŜǎǘǎ ƻŦ ǘƘŜ ǘƘŜƻǊȅ ǿƛǘƘ ǾŀǊƛŀōƭŜ ǎǇŜŜŘ ƻŦ ƭƛƎƘǘΗά 
 

R. Descartes 
 

"My present design, then, is not to teach the method which each ought to follow for the right conduct of his 
reason, but solely to describe the way in which I have endeavored to conduct my own. They who set themselves 
to give precepts must of course regard themselves as possessed of greater skill than those to whom they 
prescribe; and if they are in the slightest particular, they subject themselves to censure. But as this tract is put 
forth merely as a history, or, if you will, as a tale, in which, amid some examples worthy of imitation, there will 
be found, perhaps, as many more which it were advisable not to follow, I hope it will prove useful to some 
ǿƛǘƘƻǳǘ ōŜƛƴƎ ƘǳǊǘŦǳƭ ǘƻ ŀƴȅΣ ŀƴŘ ǘƘŀǘ Ƴȅ ƻǇŜƴŜǎǎ ǿƛƭƭ ŦƛƴŘ ǎƻƳŜ ŦŀǾƻǊ ǿƛǘƘ ŀƭƭάΣ (DeR2) iii. 
 

F. Ehrenhaft 
 
αƭƛƎƘǘ ōŜŀƳǎ Ƴǳǎǘ ƘŀǾŜ ŜƭŜŎǘǊƛŎ ǎǘŀǘƛƻƴŀǊȅ ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ ǿŀǾŜ ŦǊƻƴǘ ƴƻǊƳŀƭΣ ŀƴŘ ǘƘŀǘ 
consequently there must be stationary electric potential differences between different points along the beam ; 
and that there must be also a stationary magnetic field in the beam of light with potential differences. Hence, 
ǘƘŜ ƭƛƎƘǘ ōŜŀƳ Ƴǳǎǘ ƘŀǾŜ ŀ ƳŀƎƴŜǘƛȊƛƴƎ ŜŦŦŜŎǘΣ ŀƴŘ ǘƘŜ ŎƘŀǊƎŜ ƻŦ ŀ ƳŀƎƴŜǘ ǎƘƻǳƭŘ ōŜ ŎƘŀƴƎŜŘ ōȅ ƭƛƎƘǘάΣ 
(EhF1). 
 

A. Einstein 
 
"Nach unserer bisherigen Erfahrung sind wir nämlich zum Vertrauen berechtigt, daß die Natur die Realisierung 
ŘŜǎ ƳŀǘƘŜƳŀǘƛǎŎƘ ŘŜƴƪōŀǊ 9ƛƴŦŀŎƘǎǘŜƴ ƛǎǘάΣ (EiA) S.130 
 
ά ! ǘƘŜoǊŜǘƛŎŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛǎ ǳƴƭƛƪŜƭȅ ǘƻ ōŜ ǘǊǳŜΣ ǳƴƭŜǎǎ ƛǘ ƛǎ ƭƻƎƛŎŀƭƭȅ ǾŜǊȅ ǎƛƳǇƭŜά (UnA) p. 11 
 
άLƴ ŀ ǊŜŀǎƻƴŀōƭŜ ǘƘŜƻǊȅΣ ǘƘŜǊŜ ŀǊŜ ƴƻ ƴǳƳōŜǊǎ ǿƘƛŎƘ Ŏŀƴ ōŜ ƻƴƭȅ ŘŜǘŜǊƳƛƴŜŘ ŜƳǇƛǊƛŎŀƭƭȅάΣ (UnA) p. 217 
 
¢ƘŜ ƳŜŀƴƛƴƎ ƻŦ ǊŜƭŀǘƛǾƛǘȅΥ αaŀȄǿŜƭƭϥǎ Ŝǉǳŀǘƛƻƴǎ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǿƘŜƴ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ 
electric charges and currents is known. But we do not know the laws which govern the currents and charges. 
We do know, indeed, that electricity consists of elementary particles (electrons, positive nuclei), but from a 
theoretical point of view we cannot comprehend this. We do not know the energy factors which determine the 
distribution of electricity in particles of definite size and charge, and all attempts to complete the theory in this 
direction have failed. If then we can build upon Maxwell's equations at all, the energy tensor of the 
electromagnetic field is known only outside the charged particlesά, (EiA4) p. 24. 
 
9ǘƘŜǊ ŀƴŘ ǘƘŜ ǘƘŜƻǊȅ ƻŦ ǊŜƭŀǘƛǾƛǘȅΥ α[ƻǊŜƴǘȊ ǎǳŎŎŜŜŘŜŘ ƛƴ ǊŜŘǳŎƛƴƎ ŀƭƭ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ƘŀǇǇŜƴƛƴƎǎ ǘƻ aŀȄǿŜƭƭΩǎ 
equations for free space.  
 
As to the mechanical nature of the Lorentzian ether, it may be said of it, in a somewhat playful spirit, that 
immobility is the only mechanical property of which it has not been deprived by H. A. Lorentz. It may be added 
that the whole change in the conception of the ether which the special theory of relativity brought about, 
ŎƻƴǎƛǎǘŜŘ ƛƴ ǘŀƪƛƴƎ ŀǿŀȅ ŦǊƻƳ ǘƘŜ ŜǘƘŜǊ ƛǘǎ ƭŀǎǘ ƳŜŎƘŀƴƛŎŀƭ ǉǳŀƭƛǘȅΣ ƴŀƳŜƭȅΣ ƛǘǎ ƛƳƳƻōƛƭƛǘȅΦ  Χ Generalizing we 
must say this: -- There may be supposed to be extended physical objects to which the idea of motion cannot be 
applied. They may not be thought of as consisting of particles which allow themselves to be separately tracked 
ǘƘǊƻǳƎƘ ǘƛƳŜΦ Lƴ aƛƴƪƻǿǎƪƛΩǎ ƛŘƛƻƳ ǘƘƛǎ ƛǎ ŜȄǇǊŜǎǎŜŘ ŀǎ ŦƻƭƭƻǿǎΥ -- Not every extended conformation in the four-
dimensional world can be regarded as composed of world-threads. The special theory of relativity forbids us to 
assume the ether to consist of particles obserbale through time, but the hypothesis of ether in itself is not in 
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conflict with the special theory of relativity. Only we must be our guard against ascribing a state of motion to 
the etherΦάΣ (EiA5). 
 

E. Fermi 
 
vǳŀƴǘǳƳ ¢ƘŜƻǊȅ ŦƻǊ wŀŘƛŀǘƛƻƴΥ α5ƛǊŀŎΨǎ ǘƘŜƻǊȅ ƻŦ ǊŀŘƛŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ŀ ǾŜǊȅ simple idea; instead of 
considering an atom and the radiation field with which it interacts as two distinct systems, he treats them as a 
single system whose energy is the sum of three terms: one representing the energy of the atom, a second 
representating the electromagnetic energy of the radiation field, and a small term representing the coupling 
energy of the atom and the radiation field. 
 
If we neglect this last term, the atom and the field could not affect each other in any way; that is, no radiation 
energy could be either emitted or absorbed by the atom. A very simple example will explain these relations. Let 
us consider a pendulum which corresponds to the atom, and an oscillating string in the neighborhood of the 
pendulum which represents the radiation field. If there is no connection between the pendulum and the string, 
the two systems vibrate quite independently of each other; the energy is in this case simply the sum of the 
energy of the pendulum and the energy of the string with no interaction term. To obtain a mechanical 
representation of this term, let us tie the mass M of the pendulum to a point A of the string by means of a very 
thin and elastic thread ὥ. The effect of this thread is to perturb slightly the motion of the string and of the 
pendulum. Let us suppose for instance that at the time ὸ π, the string is in vibration and the pendulum is at 
rest. Through the elastic thread a the oscillating string transmits to the pendulum very slight forces having the 
same periods as the vibrations of the string. If these periods are different from the period of the pendulum, the 
amplitude of its vibrations remains always exceedingly small; but if a period of the string is equal to the period 
of the pendulum, there is resonance and the amplitude of vibration of the pendulum becomes considerable after 
a certain time. This process corresponds to the absorption of radiation by the atom. If we suppose, on the 
contrary, that at the time ὸ π the pendulum is oscillating and the string is at rest, the inverse phenomenon 
occurs. The forces transmitted through the elastic thread from the pendulum to the string put the string in 
vibration; but only the harmonics of the string, whose frequencies are very near the frequency of the pendulum 
ǊŜŀŎƘ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ŀƳǇƭƛǘǳŘŜΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ŜƳƛǎǎƛƻƴ ƻŦ ǊŀŘƛŀǘƛƻƴ ōȅ ǘƘŜ ŀǘƻƳάΣ (FeE). 
 

R. Feynman 
 
αSomebody makes up a theory: The proton is unstable. They make a calculation and find that there would be no 
protons in the universe any more! So they fiddle around with their numbers, putting a higher mass into the new 
particle, and after much more effort they predict that the proton will decay at a rate slightly less than the last 
measured rate of the proton has shown not to decay at. When a new experiment comes along and measures 
the proton more carefully, the theories adjust themselves to squeeze out from the pressureά, (UnA) p. 162. 
 

M. Heidegger 
 
The Age of the World Picture: "modern physics is called mathematical because, in a remarkable way, it makes 
use of a quite specific mathematics.  But it can proceed mathematically in this way only because, in a deeper 
sense, it is already itself mathematicŀƭά, (HeM). 
 

W. Heisenberg 
 

Introduction to the Unified Field Theory of Elementary Particles: "The mathematical formalism contains some 
unconventional features which formerly have rendered its understanding somewhat difficult: the indefinite 
metric in Hilbert space and the degeneracy of the ground state. But in recent years the indefinite metric has 
been studied in connexion with the Bleuler-Gupta version of quantum electrodynamics and with the Lee-model, 
ǘƘŜ ŘŜƎŜƴŜǊŀŎȅ ƻŦ ǘƘŜ ƎǊƻǳƴŘ ǎǘŀǘŜ Ǉƭŀȅǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƛƴ ƳƻŘŜǊƴ ǎƻƭƛŘ ǎǘŀǘŜ ǇƘȅǎƛŎǎάΣ (HeW) vi. 
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Sir J. Jeans 
The universe around us 

 
A substance which consists solely of atoms of a single kind is described as an element, while one which contains 
more than one kind of atom is described as a compound. 
Χ 
Analysis of all known terrestrial substances has, so far, revealed only 92 essential different kinds of atoms. And 
even of these 92, the majority are exceedingly rare, most common substances being formed out of the 
combinations of only about 14 different atoms, say hydrogen (H), carbon (C), nitrogen (N), oxygen (O), sodium 
(Na), magnesium (Mg), Aluminium (Al), silicon (Si), phosphorus (P), sulphur (S), chlorine (Cl), potassium (K), 
ŎŀƭŎƛǳƳ ό/ŀύΣ ŀƴŘ ƛǊƻƴ όCŜύΦ Χ Lƴ ǘƘƛǎ ǿŀȅΣ ǘƘŜ ǿƘƻƭŜ ŜŀǊǘƘΣ ǿƛǘƘ ƛǘǎ ŜƴŘƭŜǎs diversity of substances, is found to be 
a building built of standard bricks ς the atoms. And of these only a few types, about 14, occur at all abundantly 
in the structure, the others appearing but rarely. 
 
We shall see below (pp. 164, 165) that the various kinds of atoms occur in much the same relative proportions 
in the stars as on earth. Thus twelve of the fourteen elements which are abundant on earth are abundant also in 
the stars. This is not surprising if we consider that the earth probably came into being as a condensation of the 
gases in the atmoshere of one particular star ς namely, the sun (p. 245). Hydrogen and helium are less 
abundant on earth than in stellar atmospheres, but there is a reason for this also. When the earth was still a 
diffuse ball of hot gas, ist graviational power would not be adequate to hold down the rapidly moving atoms of 
theses substances (p. 212) so that these would rapidly diffuse away and be lost to the earth for ever. Thus little 
helium remains on earth, while hydrogen is found only in combination with other atoms of other substances, 
(JeJ) pp. 110-111. 
 
From a study of the spectrum of a star we can tell what chemical substances are present in its atmosphere. A 
query means that the estimate is uncertain, and a double query that it is very uncertain, while a blank means 
that no specific evidence of the presence of either the element or its compounds has been found in the sun, (JeJ) 
pp. 163-164. 
 

Element 
Relative no. of 

atoms   
Element 

Relative no. 
of atoms   

Element 
Relative no. 

of atoms 

Hydrogen 1000000000   Sodium 500000   Scandium 130 

Helium 30000000??   Magnesium 600000   Titanium 5000 

Lithium 3   Aluminium 80000   Vanadium 3000 

Beryllium 2?   Silicon 1000000   Chromium 16000 

Boron 3000   Phosphorus 300?   Manganese 25000 

Carbon 1000000   Sulphur 16000?   Iron 500000 

Nitrogen 3000000?   Chlorine -   Cobalt 13000 

Oxygen 30000000   Argon -   Nickel 30000 

Flurine 30000?   Potassium 200000?   Copper 3000 

Neon -   Calcium 160000   Zine 2500 
A query means that the estimate is uncertain, and a double query that it is very uncertain, while a blank means that no specific evidence of 
the presence of either the element or ist compounds has been found in the sun 

 
D. E. Neuenschwander 

 
αThere is no continuous infinitesimal transformation for charge conjugation. No states exist that carry charge 
values in a continuum from the -e electric charge of an electron to the +e of the positron, or between the Ὅ
ρȾς isospin eigenvalues. How do we define invariance for discrete symmetries?ά (NeD) 9.1.  
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C. S. Peirce 
 

αAus dieser ersten und in einer Hinsicht einzigen Regel der Logik, daß man, um zu lernen, den Wunsch haben 
muß zu lernen, und sich dabei nicht mit dem zufrieden geben darf, was man schon zu denken geneigt ist, ergibt 
sich ein Folgesatz, der an sich schon verdient, auf jede Mauer in der Stadt der Philosophie zu stehen: Behindere 
nicht den Gang der ForschungάΣ (PaH) S. 9. 
 
αΦΦ Ŝǎ Ǝƛōǘ ŘǊŜƛ ǳƴƛǾŜǊǎŀƭŜ YŀǘŜƎƻǊƛŜƴΦ 5ŀ ŀƭƭŜ ŘǊŜƛ ǎǘŅƴŘƛƎ ƎŜƎŜƴǿŅǊǘƛƎ ǎƛƴŘΣ ƛǎǘ Ŝǎ ǳƴƳǀƎƭƛŎƘΣ ŜƛƴŜ ǊŜƛƴŜ LŘŜŜ 
irgendeiner von ihnen zu bilden, die absolut von den anderen unterschieden ist. Ja, selbst so etwas wie ihre 
ausreichend klare Unterscheidung kann nur das Ergebnis langen und angestrengten Forschens sein. Sie können 
mit Erstheit, Zweitheit und Drittheit bezeichnet werden. Erstheit ist das, was so ist, wie es eindeutig und ohne 
jede Beziehung auf etwas anderes ist. Zweitheit ist das, was so ist, wie es ist, weil eine zweite Identität so ist, 
wie sie ist, ohne Beziehung auf etwas Drittes. Drittheit ist das, dessen Sein darin besteht, eine Zweitheit 
ƘŜǊǾƻǊȊǳōǊƛƴƎŜƴΦ 9ǎ Ǝƛōǘ ƪŜƛƴŜ ±ƛŜǊǘƘŜƛǘΣ ŘƛŜ ƴƛŎƘǘ ōƭƻǖ ŀǳǎ 5ǊƛǘǘƘŜƛǘ ōŜǎǘŜƘŜƴ ǿǸǊŘŜάΣ (PaH) S. 31. 

 
 

P.-M. Robitaille 
Fourty lines of evidence for condensed matter 

The Sun on trial, Liquid metallic hydrogen as a solar building block 
 
 αCƻǊǘȅ ƭƛƴŜǎ ƻŦ ŜǾƛŘŜƴŎŜ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘŜŘ ǘƘŀǘ ǘƘŜ ǎƻƭŀǊ ōƻŘȅ ƛǎ ŎƻƳǇǊƛǎŜŘ ƻŦΣ ŀƴŘ ǎǳǊǊƻǳƴŘŜŘ ōȅΣ ŎƻƴŘŜƴǎŜŘ 
ƳŀǘǘŜǊΦ ¢ƘŜǎŜ ΨǇǊƻƻŦǎΩ Ŏŀƴ ōŜ ŘƛǾƛŘŜŘ ƛƴǘƻ ǎŜǾŜƴ ōǊƻŀŘ ŎŀǘŜƎƻǊƛŜǎΥ мύ tƭŀƴŎƪƛŀƴΣ нύ ǎǇŜŎǘǊƻǎŎƻǇƛŎΣ оύ ǎǘǊǳŎǘǳǊŀƭΣ 
4) dynamic, 5) helioseismic, 6) elemental, and 7) earthly. Collectively, these lines of evidence provide a 
systematic challenge to the gaseous models of the Sun and expose the many hurdles faced by modern 
approaches. Observational astronomy and laboratory physics have remained unable to properly justify claims 
that the solar body must be gaseous. At the same time, clear signs of condensed matter interspersed with 
gaseous plasma in the chromosphere and corona have been regrettably dismissed. As such, it is hoped that this 
exposition will serve as an invitation to consider condensed matter, especially metallic hydrogen, when 
pondering the phase of the sǳƴάΣ (RoP). 

 
Blackbody radiation and the loss of universality,  

LƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ tƭŀƴŎƪΩǎ ŦƻǊƳǳƭŀǘƛƻƴ ŀƴŘ .ƻƭǘȊƳŀƴƴΩǎ Ŏƻƴǎǘŀƴǘ 
 

 α¢ƘǊƻǳƎƘ ǘƘŜ ǊŜŜǾŀƭǳŀǘƛƻƴ ƻŦ YƛǊŎƘƘƻŦŦΩǎ ƭŀǿ tƭŀƴŎƪΩǎ ōƭŀŎƪōƻŘȅ Ŝǉǳŀǘƛƻƴ ƭƻǎŜǎ ƛǘǎ ǳƴƛǾŜǊǎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ ŀƴŘ 
ōŜŎƻƳŜǎ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ǇŜǊŦŜŎǘ ŀōǎƻǊōŜǊǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǇǊƻǇŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ tƭŀƴŎƪΩǎ ǊŀŘƛŀǘƛƻƴ ƭŀǿ ƛƴǾƻƭǾŜǎ 
the study of solid opaque objects, typically made from graphite, soot, and carbon black. The extension of this 
equation to other materials may yield apparent temperatures, which do not have any physical meaning relative 
to the usual temperature scales. Real temperatures are exclusively obtained from objects which are known 
solids, or which are enclosed within, or in equilibrium with, a perfect absorber. For this reason, the currently 
accepted temperature of the microwave background must be viewed as an apparent temperature. Rectifying 
this ǎƛǘǳŀǘƛƻƴΣ ǿƘƛƭŜ ǊŜǎǇŜŎǘƛƴƎ ǊŜŀƭ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ƛƴǾƻƭǾŜǎ ŀ ǊŜŜȄŀƳƛƴŀǘƛƻƴ ƻŦ .ƻƭǘȊƳŀƴΩǎ ŎƻƴǎǘŀƴǘΦ Lƴ ǎƻ ŘƻƛƴƎΣ 
the latter is deprived of its universal nature and, in fact, acts as a temperature dependent variable. In its revised 
ŦƻǊƳΣ tƭŀƴŎƪΩǎ Ŝǉǳŀǘƛƻƴ ōŜŎƻmes temperature insensitive near 300 K, when applied to the microwave 
ōŀŎƪƎǊƻǳƴŘάΣ (RoP1). 
 

Water, Hydrogen Bonding, and the Microwave Background 
 

 αLƴ ǘƘƛǎ ǿƻǊƪΣ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ǿŀǘŜǊ ŀǊŜ ōǊƛŜŦƭȅ ǊŜǾƛǎƛǘŜŘΦ ¢ƘƻǳƎƘ ƭƛǉǳƛŘ ǿŀǘŜǊ Ƙŀǎ ŀ ŦƭŜŜǘƛƴƎ ǎǘǊǳŎǘǳǊŜΣ ƛǘ 
displays an astonishingly stable network of hydrogen bonds. Thus, even as a liquid, water possesses a local 
lattice with short range order. The presence of hydroxyl (ὕ Ὄ) and hydrogen (ὌϽ Ͻ ϽὕὌ ) bonds within water, 
indicate that it can simultaneously maintain two separate energy systems. These can be viewed as two very 
different temperatures. The analysis presented uses results from vibrational spectroscopy, extracting the force 
constant for the hydrogen bonded dimer. By idealizing this species as a simple diatomic structure, it is shown 
that hydrogen bonds within water should be able to produce thermal spectra in the far infrared and microwave 
regions of the electromagnetic spectrum. This simple analysis reveals that the oceans have a physical 
ƳŜŎƘŀƴƛǎƳ ŀǘ ǘƘŜƛǊ ŘƛǎǇƻǎŀƭΣ ǿƘƛŎƘ ƛǎ ŎŀǇŀōƭŜ ƻŦ ƎŜƴŜǊŀǘƛƴƎ ǘƘŜ ƳƛŎǊƻǿŀǾŜ ōŀŎƪƎǊƻǳƴŘάΣ (RoP2). 
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C. Rovelli 
 
α¢ƘŜ ǘƘŜǊƳŀƭ ǘƛƳŜ ƘȅǇƻǘƘŜǎƛǎΥ Lƴ bŀǘǳǊŜΣ ǘƘŜǊŜ ƛǎ ƴƻ ǇǊŜŦŜǊǊŜŘ ǇƘȅǎƛŎŀƭ ǘƛƳŜ ǾŀǊƛŀōƭŜ ǘΦ ¢ƘŜǊŜ ŀǊŜ ƴƻ ŜǉǳƛƭƛōǊƛǳƳ 
states ” preferred a priori. Rather, all variables are equivalent: we can find the system in an arbitrary state ”; if 
the system is in a state ”, then a preferred variable is singled out by the state of the system. This variable is 
ǿƘŀǘ ǿŜ Ŏŀƭƭ ǘƛƳŜΦ ΧΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛǘ ƛǎ ǘƘŜ ǎǘŀǘƛǎǘƛŎŀƭ ǎǘŀǘŜ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜǎ ǿƘƛŎƘ ǾŀǊƛŀōƭŜ ƛǎ ǇƘȅǎƛŎŀƭ ǘƛƳŜΣ 
ŀƴŘ ƴƻǘ ŀƴȅ ŀ ǇǊƛƻǊƛ ƘȅǇƻǘƘŜǘƛŎŀƭ αŦƭƻǿά ǘƘŀǘ ŘǊƛǾŜǎ ǘƘŜ ǎȅǎǘŜƳ ǘƻ ŀ ǇǊŜŦŜǊǊŜŘ ǎǘŀǘƛǎǘƛŎŀƭ ǎǘŀǘŜάΣ (RoC) p. 143. 
 

B. Russell 
 

αά{ǳōǎǘŀƴŎŜάΣ ƛƴ ŀ ǿƻǊŘΣ ƛǎ ŀ ƳŜǘŀǇƘȅǎƛŎŀƭ ƳƛǎǘŀƪŜΣ ŘǳŜ ǘƻ ǘǊŀƴǎŦŜǊŜƴŎŜ ǘƻ ǘƘŜ ǿƻǊƭŘ-structure of the structure 
ƻŦ ǎŜƴǘŜƴŎŜǎ ŎƻƳǇƻǎŜŘ ƻŦ ŀ ǎǳōƧŜŎǘ ŀƴŘ ŀ ǇǊŜŘƛŎŀǘŜάΣ (RuB1) p. 212 
 
αIǳƳŜ ƘŀŘ ǇǊƻǾŜŘ ǘƘŀǘ ǘƘŜ ƭŀǿ ƻŦ causality is not analytic, and had inferred that we could not be certain of its 
truth. Kant accepted the view that it is synthetic, but nevertheless maintained that it is known a priori. He 
maintained that arithmetic and geometry are synthetic, but are likewise a priori. He was thus led to formulate 
his problem in these terms: 
How are synthetic judgements a priori possible? The answer to this question, with its consequences, constitutes 
the main theme of The Critique of Pure Reason. 
 
{ǇŀŎŜ ŀƴŘ ǘƛƳŜΣ Yŀƴǘ ǎŀȅǎΣ ŀǊŜ ƴƻǘ ŎƻƴŎŜǇǘǎΤ ǘƘŜȅ ŀǊŜ ŦƻǊƳǎ ƻŦ αƛƴǘǳƛǘƛƻƴάΦ ό¢ƘŜ DŜǊƳŀƴ ǿƻǊŘ ƛǎ α!ƴǎŎƘŀǳǳƴƎάΣ 
ǿƘƛŎƘ ƳŜŀƴǎ ƭƛǘŜǊŀƭƭȅ αƭƻƻƪƛƴƎ ŀǘά ƻǊ αǾƛŜǿάΦ ¢ƘŜ ǿƻǊŘ αƛƴǘǳƛǘƛƻƴάΣ ǘƘƻǳƎƘ ǘƘŜ ŀŎŎŜǇǘŜŘ ǘǊŀƴǎƭŀǘƛƻƴΣ ƛǎ ƴƻǘ 
altogether a satisfactory one)", (RuB1) p. 680. 
 

E. Schrödinger 
Two ways of producing orderlines 

 
 α¢ƘŜ ƻǊŘŜǊƭƛƴŜǎǎ ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ǘƘŜ ǳƴŦƻƭŘƛƴƎ ƻŦ ƭƛŦŜ ǎǇǊƛƴƎǎ ŦǊƻƳ ŀ ŘƛŦŦŜǊŜƴǘ ǎƻǳǊŎŜΦ Lǘ ŀǇǇŜŀǊǎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ 
ǘǿƻ ŘƛŦŦŜǊŜƴǘ αƳŜŎƘŀƴƛǎƳǎά ōȅ ǿƘƛŎƘ ƻǊŘŜǊƭȅ ŜǾŜƴǘǎ Ŏŀƴ ōŜ ǇǊƻŘǳŎŜŘΥ ǘƘŜ αǎǘŀǘƛǎǘƛŎŀƭ ƳŜŎƘŀƴƛǎƳά ǿƘƛŎƘ 
ǇǊƻŘǳŎŜǎ αƻǊŘŜǊ ŦǊƻƳ ŘƛǎƻǊŘŜǊά ŀƴŘ ǘƘŜ ƴŜǿ ƻƴŜΣ ǇǊƻŘǳŎƛƴƎ αƻǊŘŜǊ ŦǊƻƳ ƻǊŘŜǊάΦ ¢ƻ ǘƘŜ ǳƴǇǊŜƧǳŘƛŎŜŘ ƳƛƴŘ ǘƘŜ 
second principle appears to be much simpler, much more plausible. No doubt it is. That is where physicists were 
ǎƻ ǇǊƻǳŘ ǘƻ ƘŀǾŜ ŦŀƭƭŜƴ ƛƴ ǿƛǘƘ ǘƘŜ ƻǘƘŜǊ ƻƴŜΣ ǘƘŜ αƻǊŘŜǊ-from-ŘƛǎƻǊŘŜǊά ǇǊƛƴciple, which is actually followed in 
Nature and which alone conveys an understanding of the great line of natural events, in the first place of their 
ƛǊǊŜǾŜǊǎƛōƛƭƛǘȅΦ .ǳǘ ǿŜ Ŏŀƴƴƻǘ ŜȄǇŜŎǘ ǘƘŀǘ ǘƘŜ αƭŀǿǎ ƻŦ ǇƘȅǎƛŎǎά ŘŜǊƛǾŜŘ ŦǊƻƳ ƛǘ ǎǳŦŦƛŎŜ ǎǘǊŀƛƎƘǘŀǿŀȅ ǘƻ Ŝxplain 
ǘƘŜ ōŜƘŀǾƛƻǳǊ ƻŦ ƭƛǾƛƴƎ ƳŀǘǘŜǊΣ ǿƘƻǎŜ Ƴƻǎǘ ǎǘǊƛƪƛƴƎ ŦŜŀǘǳǊŜǎ ŀǊŜ ǾƛǎƛōƭŜ ōŀǎŜŘ ǘƻ ŀ ƭŀǊƎŜ ŜȄǘŜƴǘ ƻƴ ǘƘŜ αƻǊŘŜǊ-
from-ƻǊŘŜǊά ǇǊƛƴŎƛǇƭŜΦ ¸ƻǳ ǿƻǳƭŘ ƴƻǘ ŜȄǇŜŎǘ ǘǿƻ ŜƴǘƛǊŜƭȅ ŘƛŦŦŜǊŜƴǘ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ōǊƛƴƎ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ ǘȅǇŜ ƻŦ 
law ς you would not expect your latch-ƪŜȅ ǘƻ ƻǇŜƴ ȅƻǳǊ ƴŜƛƎƘōƻǳǊΩǎ ŘƻƻǊ ŀǎ ǿŜƭƭάΣ (ScE1) p. 80 

 
The principle of objectivation 

 
"Science aims at nothing but making true and adequate statements about its object. The scientist only imposes 
two things, namely truth and sincerity, imposes them upon himself and upon other scientists. In the present 
case the object is science itself, as it has developed and has become and at present is, not as it ought to be 
or ought to develop in future", (ScE1) p. 117 
 

Form, not substance, the fundamental concept 
 
α¢ƘŜ ƴŜǿ ƛŘŜŀ ƛǎ ǘƘŀǘ ǿƘŀǘ ƛǎ ǇŜǊƳŀƴŜƴǘ ƛƴ ǘƘŜǎŜ ǳƭǘƛƳŀǘŜ ǇŀǊǘƛŎƭŜǎ ƻǊ ǎƳŀƭƭ ŀƎƎǊŜƎŀǘŜǎ ƛǎ ǘƘŜƛǊ ǎƘŀǇŜ ŀƴŘ 
organization. The habit of everyday language deceives us and seems to require, whenever we hear the word 
αǎƘŀǇŜά ƻǊ αŦƻǊƳά ǇǊƻƴƻǳƴŎŜŘΣ ǘƘŀǘ ƛǘ Ƴǳǎǘ ōe the shape or form of something, that a material substratum is 
required to take on a shape. Scientifically this habit goes back to Aristotle, his causa materialis and causa 
formalis. But when you come to the ultimate particles constituting matter, there seems to be no point in 
thinking of them again consisting of some material. They are, as it were, pure shape, nothing but shape; what 
ǘǳǊƴǎ ǳǇ ŀƎŀƛƴ ŀƴŘ ŀƎŀƛƴ ƛƴ ǎǳŎŎŜǎǎƛǾŜ ƻōǎŜǊǾŀǘƛƻƴǎ ƛǎ ǘƘƛǎ ǎƘŀǇŜΣ ƴƻǘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ǎǇŜŎƪ ƻŦ ƳŀǘŜǊƛŀƭΦά (ScE3) p. 
125. 
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L. Smolin 
The Trouble with Physics 

 
ά¢ƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ǘƘŀǘ Ƴŀƴȅ ŦǊŜŜƭȅ ǎǇŜŎƛŦƛŀōƭŜ Ŏƻƴǎǘŀƴǘǎ ƛƴ ǿƘŀǘ ƛǎ ǎǳǇǇƻǎŜŘ ǘƻ ōŜ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǘƘŜƻǊȅ 
ƛǎ ŀ ǘǊŜƳŜƴŘƻǳǎ ŜƳōŀǊǊŀǎǎƳŜƴǘάΣ (SmL1) p. 13, (UnA) p. 11 
 
Problem 1 (problem of quantum gravity): Combine general relativity and quantum theory into a single theory 
that can claim to be the complete theory of nature 
 

Problem 2 (foundational problems of quantum mechanics): Resolve the problems in the foundations of quantum 
mechanics, either by making sense of the theory as it stands or by inventing a new theory that does make sense 
 

Problem 3 (the unification of particles and forces): Determine whether or not the various particles and forces 
can be unified in a theory that explains them all as manifestations of a single, fundamental entity 
 

Problem 4: Explain how the values of the free constants in the standard model of particle physics are chosen in 
nature 
 

tǊƻōƭŜƳ рΥ 9ȄǇƭŀƛƴ ŘŀǊƪ ƳŀǘǘŜǊ ŀƴŘ ŘŀǊƪ ŜƴŜǊƎȅΦ hǊΣ ƛŦ ǘƘŜȅ ŘƻƴΩǘ ŜȄƛǎǘΣ ŘŜǘŜǊƳƛƴŜ Ƙƻǿ ŀƴŘ ǿƘȅ ƎǊŀǾƛǘȅ ƛǎ 
modified on large scales. More generally, explain why the constants of the standard model of cosmology, 
including the dark energy, have the values they do, (SmL1). 

 
L. Susskind, A. Friedman 

 
αLorentz did know about the Michelson-Morley experiment. He came up with the same transformation 
equations but interpreted them differently. He envisioned them as effects on moving objects caused by their 
motion through the ether. Because of various kinds of ether pressures, objects would be squeezed  and 
therefore shortenedά, (SuL) p. 61. 
 

H. Weyl 
 

{ǇŀŎŜΣ ¢ƛƳŜΣ aŀǘǘŜǊΥ α¢ƘŜ ǘƘŜƻǊȅ ƻŦ aŀȄǿŜƭƭ ŀƴŘ [ƻǊŜƴǘȊ Ŏŀƴƴƻǘ ƘƻƭŘ ŦƻǊ ǘƘŜ ƛƴǘŜǊƛƻǊ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻƴΤ ǘƘŜǊŜŦƻǊŜΣ 
from the point of view of ordinary theory of electrons we must treat the electron as something given a priori, as 
a foreign body in the field. A more general theory of electrodynamics has been proposed by Mie, by which it 
ǎŜŜƳǎ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǊƛǾŜ ǘƘŜ ƳŀǘǘŜǊ ŦǊƻƳ ǘƘŜ ŦƛŜƭŘάΣ (WeH1) p. 206 ff., (vide) Ann. d. Physik, Bd. 37, 39, 40 
(1912-1913). 
 
 
Philosophy of Mathematics and Natural Science: "On the basis of rather convincing general considerations G. 
Mie in 1912 pointed out a way of modifying the Maxwell equations in such a manner that they might possibly 
solve the problem of matter, by explaining why the field possesses a granular structure and why the knots of 
energy remain intact in spite of the back-and-forth flux of energy and momentum. The Maxwell equations will 
not do because they imply that negative charges compressed in an electron explode; to guarantee their 
ŎƻƘŜǊŜƴŎŜ ƛƴ ǎǇƛǘŜ ƻŦ /ƻǳƭƻƳōΩǎ ǊŜǇǳƭǎƛǾŜ ŦƻǊŎŜǎ ǿŀǎ ǘƘŜ ƻƴƭȅ ǎŜǊǾƛŎŜ ǎǘƛƭƭ ǊŜǉǳƛǊŜŘ ƻŦ ǘƘŜ ǎǳōǎǘŀƴŎŜ ōȅ IΦ !Φ 
[ƻǊŜƴǘȊΩǎ ǘƘŜƻǊȅ ƻŦ ŜƭŜŎǘǊƻƴǎΦ ¢ƘŜ ǇǊŜǎŜǊǾŀǘƛƻƴ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ƪƴƻǘǎ Ƴǳǎǘ ǊŜǎǳƭǘ ŦǊƻƳ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ƳƻŘƛŦƛŜŘ 
field laws admit only of one state of field equilibrium", (WeH) p. 171. 
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1. The unified field theory in a nutshell 
 
The modelling framework of the proposed unified quanta field theory is enabled by two mechanical and 
dynamical Hamiltonian operators related to the two Hilbert scales Ὄ  and Ὄ . The domain of the mechanical 

Hamiltonian operator is given by the mechanical energy Hilbert space Ὄ ; the domain of the dynamical 

Hamiltonian operator is given by a ‖-scheme of appropriately dynamical energy Hilbert spaces Ὄ . The Hilbert 

spaces Ὄ  are linked to the mechanical energy Hilbert space in the form Ὄ ṧὌ . The composition 
is built by the Riesz transformations of the basis elements of the mechanical (energy) Hilbert space. The 

dynamical energy Hilbert spaces Ὄ enable well-posed dynamical quanta (hyperbolic) wave equations 

accompanied by optimal shift theorem. The composition Ὄ ṧὌ  ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ tƭŀƴŎƪΩǎ ǎǘŀǘƛǎǘƛŎŀƭ ŀƴŘ 
ŘȅƴŀƳƛŎŀƭ ǘȅǇŜ ƻŦ ǇƘȅǎƛŎŀƭ ƭŀǿǎΣ όtƭaύΣ ǿƛǘƘ {ŎƘǊǀŘƛƴƎŜǊΩǎ ǘǿƻ ǿŀȅǎ ƻŦ ǇǊƻŘǳŎƛƴƎ ƻǊŘŜǊƭƛƴŜǎΣ ǘƘŜ statistical 
mechanism, which produces order from disorder and a mechanism, which produces order from order, (ScE1), and 
.ƻƘƳΩǎ ŎƻƴŎŜǇǘƛƻƴ ƻŦ wholeness accompanied by the concept of explicate and implicate orders, (BoD1). 
 
The design of the dynamical Hamiltonian operator is enabled by the Krein space theory, which is basically the 

theory of linear spaces with an indefinite metric. The Hilbert spaces Ὄ  are equipped with an appropriately 

defined a ‖-quanta norm in the form ᴁȿὼȿᴁ В ‗ὼ᷿ ὸὥὲὬ ‖†Ὡ Ὠ† Њ, ‖ ᶰὙ, which is valid on all 

the Hilbert space Ὄ . The Krein space decomposition in the form Ὄ Ὄ ṧὌ  enable the definition of self-

adjoint so-ŎŀƭƭŜŘ αJ-ƻǇŜǊŀǘƻǊǎάΣ ό!Ȋ¢ύΣ ƻǊ αǇƻǘŜƴǘƛŀƭ ƻǇŜǊŀǘƻǊǎάΣ ό±ŀaύΦ Their indefinite metrics of Ὄ  are 
functionals. They become the invariant quantities in the related physical energy conservation laws. The invariant 
quantities of the proposed 2-component energy systems Ὄ ṧὌ Ὄ ṧὌ  are governed by the two 

isomorphic normal subgroups Ὡ Ὓ, Ὓ Ὡ of the matrix group Ὓὕτ. The embeddings Ὄ ṒὌ , ‖ ‖ 

of the Ὄ  Hilbert space structure are all compact, i.e., approximation theory in Hilbert scales can be applied. 
Each considered sub-space is accompanied by the discrete eigenpairs of the affected dynamical Hamiltonian 
operator. This discrete eigenpairs are in line with aƛŜΩǎ ŎƻƴŎŜǇǘ ƻŦ ŘƛǎŎǊŜǘŜ ŜƴŜǊƎȅ ƪƴƻǘ ŜƭŜƳŜƴǘǎΦ όaƛŜΩǎ ǊŜƭŀǘŜŘ 
concept of an electric pressure ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ tƻƛƴŎŀǊŞΩǎ ŎƻƴŎŜǇǘ ƻŦ ŀ pressure on the surface of an electron, so to 
speak a kind of elastic skin model of an electron). 
 
The ‖-quanta numbers scheme defines a deductive structure of ‖-quanta. The baseline ‖-quanta numbers 
define the two dynamical quanta of the αƎǊƻǳƴŘ ǎǘŀǘŜ energyά Hilbert space, called dynamical vacuum quanta 
system. The design principle for those two quanta is motivated by the different Schnirelmann densities of the 
odd and even integers. They define the baseline dynamical quanta field system of the proposed deductive 
structure of dynamical quanta energy systems, the dynamical vacuum quanta system, which is most stable one 
of the whole layer structure. It is being followed by the 2-component dynamical plasma quanta system, the 
dynamical electromagnetic quanta system, and the 1-component dynamical Dirac2.0 quanta system. The Dirac2.0 

quanta system Ὄ ṧὌ  is approximated by an extended 1-component dynamical Hilbert space system in 
the form ὌȾ Ὄ ṧὌ  is accompanied by a complementary sub-Hilbert space of ὌȾ ; here, the mechanical 

energy Hilbert space Ὄ  denotes the standard variational Hilbert space of classical elliptic, parabolic and 
hyperbolic PDE equipped with the inner product ὌȾ όȟὺ ḧ όɳȟɳὺ . (*)  

 
The 2-component dynamical plasma quanta energy model, approximating the dynamical vacuum plasma model 
provides two interacting dynamical quanta with opposite (nearly equal) charges (the electron and the positron); 
this is in line with the crucial differentiator between plasma and neutral gases and the fact, that nearly all matter 
ƛƴ ǘƘŜ ǳƴƛǾŜǊŜ ƛǎ ǇƭŀǎƳŀ αƳŀǘǘŜǊάΦ The model provides an appropriate single model to explain the Landau 
damping phenomenon (the Landau damping phenomenon is the fundamental characteristics of plasma matter 
dynamics, which is about wave damping without energy dissipation by mechanical particle collisions). The 2-
component dynamical ǇƭŀǎƳŀ ǉǳŀƴǘŀ ǎȅǎǘŜƳ ŀƭǎƻ ǇǊƻǾƛŘŜǎ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ αǎƻǳǊŎŜ ǇƻǘŜƴǘƛŀƭ ŜƴŜǊƎȅά ŦƻǊ ǘƘŜ 
approximating 2-component electromagnetic quanta system. This 2-component electromagnetic quanta system 
ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ 9ƘǊŜƴƘŀŦǘΩǎ ŘƛǎŎƻǾŜǊȅ ƻŦ ǘƘŜ photophoresis. It also supports an alternative theory to generate 
microwave background, (RoP2), see also (RoP), (RoP1). 
 
(*)  

Note: The 1D Schrödinger model for the harmonic quantum oscillator accompanied by the eigenvalues in form  ‗ ͯ ὲ provides the link to 
the Balmer energy formula of the spectrum of the hydrogen atom. 

Note: The (exponential decay type) Hilbert space Ὄ  provides the appropriate framework to enable αƻǇǘƛƳŀƭά ǿŀǾŜ ŜƴŜǊƎȅ ƴƻǊƳǎΦ 
Note: The orthogonal decomposition ᴁὼᴁ ᴁȿὼȿᴁ  ǇǊƻǾƛŘŜǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ŎƻƴŎŜǇǘ ǘƻ 9ƛƴǎǘŜƛƴΩǎ ŜƴŜǊƎȅ ǎǇƭƛǘǘƛƴƎ ŎƻƴŎŜǇǘ ƛƴǘƻ 

αŎƭŀǎǎƛŎŀƭ ǇŀǊǘƛŎƭŜ Ҍ ŎƭŀǎǎƛŎŀƭ ǿŀǾŜά ǘƘŜƻǊȅ ǘƻ ŜȄǇƭŀƛƴ ǉǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎŀƭ ŦƭǳŎǘǳŀǘƛƻƴ ǇƘŜƴƻƳŜƴŀ ƭƛƪŜ ǘƘŜ /ƻƳǇǘƻƴ ŜŦŦŜŎǘΦ 
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The next approximation layer is the 1-component Dirac2.0 energy Hilbert space system in the form Ὄ ṧὌ . 
It provides an alternative modelling concept to the linear and angular momenta accompanied by 5ƛǊŀŎΨǎ 
ίὴὭὲρȾς hypothesisΣ ǊŜǉǳƛǊƛƴƎ {ƻƳƳŜǊŦŜƭŘΩǎ sophisticated fine structure constant, (MaW) S. 75. The provided 
three mechanical atomic nuclei quanta ὔ ςά, ὔ ςὩ, and ὔ άὩ may become an alternative hydrogen 
model accompanied by three molecular, atomic, and metallic hydrogen energy systems. The Dirac2.0 energy 
Hilbert space system may also enable alternative models in (quantum) optics and solid state physics.  
 
The norm ᴁὼᴁȾ  of an approximating 1-fluid-component model ὌȾ Ὄ ṧὌ  of the Dirac2.0 model is isometric 

to an inner product in the form ὗὼȟὖὼ, where ὗ, ὖ ŘŜƴƻǘŜ {ŎƘǊǀŘƛƴƎŜǊΨǎ Ǉƻǎƛǘƛƻƴ ϧ ƳƻƳŜƴǘǳƳ ƻǇŜǊŀǘƻǊǎΦ 
The comparison of the 1-fluid-component model ὌȾ Ὄ ṧὌ  with the Dirac2.0 energy Hilbert space system 

in form of Ὄ ṧὌ  indicates an alternative Schrödinger2.0 operator, (BrK6). It is defined by the Calderón-
Zygmund integrodifferential operator ὭὙḊ Ὄ  O  Ὄ  with symbol ȿ’ȿ, where Ὑ denotes the Riesz transforms 
operator. 
 
¢ƘŜ αƳŀǘǘŜǊά ŎǊŜŀǘƛƻƴ ǊŜǎǇΦ ŀƴƴƛƘƛƭŀǘƛƻƴ ǇǊƻŎŜǎǎes are governed by the implicate potential ᴁὼᴁ ᴁὼᴁ of the 
particular Krein space Ὄ ṧὌ  (*), resp. by the explicate dynamical energy differences ᴁὼᴁ‖ρ ᴁὼᴁ‖ς of the 

considered two dynamical energy Hilbert spaces Ὄ ṒὌ , ‖ ‖ (**). 

 
From the analysis in (DeH) it is concluded that the space-time continuum is only the stage (res extensa), on 
which the real actions of the world, the quantum dynamics, takes place; this limits the scope of validity of the 
GRT to the macroscopic mechanical behaviour of bodies. The integration of the gravitational dynamics into the 
UFT is governed by (1) the Mach2.0 ǇǊƛƴŎƛǇƭŜ όǘƘƛǎ ƛǎ ōŀǎƛŎŀƭƭȅ ǘƘŜ aŀŎƘ ǇǊƛƴŎƛǇƭŜ Ǉƭǳǎ 5ƛǊŀŎΩǎ ƭŀǊƎŜ ƴǳƳōŜǊ 
hypothesis in the context of his proposed new basis for cosmology, (DiP2), (UnA2)), by (2) the global nonlinear 
stability of the Minkowski space, (DeC), (KlS), and by (3) the integral representations of the infinite numbers of 
solutions of the Einstein field equations, (LaK). The restriction of the integral representations to the domain Ὓ 

(the unit quaternions (*** )) in a ὌȢ  framework (**** ), defines a compact operator (***** ). The combination with 

the nonlinear stability of the Minkowski space indicates that this operator defines a compact disturbance of an 
linear stability of the Minkowski space. 
 
 
(*) the creation of a plasma quanta pair (electron & positron) out of three vacuum quanta pairs (electrino & positrino) is the proposed 
mathematically creatio ex fere nihilo process. The reason ǘƻ Ŏŀƭƭ ƛǘ ŀ αcreation out of almost nothingά ǇǊƻŎŜǎǎ is the fact, that there is a 
mathematically existing vacuum density of the electrinos ƛƴ ǘƘŜ αǾŀŎǳǳƳά, while the mathematical vacuum density of the positrinos is 
αȊŜǊƻά. The mathematical construction is based on the fact that there is a Schnirelmann density of ½ for the set of odd integers and only a 
{ŎƘƴƛǊŜƭƳŀƴƴ ŘŜƴǎƛǘȅ ƻŦ αȊŜǊƻά ŦƻǊ ǘƘŜ set of even integers. This mathematical fact provides the basis for the design of the proposed ‖-

quanta numbers scheme, which is basically governed by the formula ρ. Accordingly, there is a kind of άprobabilityά that a positrino 

meets an electrino (which becomes the birthday of a neutrino) and there is also a kind of άŎƻƴŘƛǘƛƻƴŀƭ probabilityά that a neutrino meets an electrino (which 
becomes the birthday of an electron), and a kind of ƭƻǿŜǊ άŎƻƴŘƛǘƛƻƴŀƭ probabilityά that a neutrino meets an positrino (which becomes the birthday of a 
positron). Similar creation processes may happen up the Hilbert scale structure until the 1-component Dirac2.0 layer. 
 

The mathematical concept fits to the philosophical view of the world of R. Penrose: άLǘΨǎ ŀƭƻƳƻǎǘ as though the physical world is built ƻǳǘ ƻŦ ƳŀǘƘŜƳŀǘƛŎǎΗάΣ 

(HoJ) p. 177; A philosophical counterpart of the phrasing creatio ex fere nihilo Ŏŀƴ ōŜ ŦƛƴŘ ƛƴ IŜƎŜƭΩǎ α{ŎƛŜƴŎŜ ƻŦ [ƻƎƛŎά with the correspondingly 
adapted forms in italicΣ αǘƘŜ ǇǳǊŜ ōŜƛƴƎ ƛǎ ǘƘŜ almost ƴƻǘƘƛƴƎά ŀƴŘ αǊŜŀƭƛǘȅ ƛǎ ōŜŎƻƳƛƴƎάΣ όIƻWύ ǇΦ нму 
 

(** ) There are a kind of αŎƻƴŘƛǘƛƻƴŀƭ ǇǊƻōŀōƛƭƛǘȅά ǇǊƻŎŜǎǎŜǎ ŜƴŀōƭŜd by the electrinos creating αŎƻƴŘŜƴǎŜŘά ǇƘȅǎƛŎŀƭ ŜƴŜǊƎȅ ǉǳŀƴǘŀ out of the 
vacuum energy system. This primary αŎƻƴŘƛǘƛƻƴŀƭ ǇǊƻōŀōƛƭƛǘȅά ǇǊƻŎŜǎǎ ŜƴŀōƭŜs ŦǳǊǘƘŜǊ ŀƎƎǊŜƎŀǘƛƻƴǎ ƻŦ αŎƻƴŘŜƴǎŜŘά ǇƘȅǎƛŎŀƭ ŜƴŜǊƎȅ 
quanta. The proposed mathematical Krein space based modelling framework enables the definition of correspondingly designed energy 
Hilbert spaces. As there is an overall conservation of energy law those Hilbert energy spaces are accompanied by corresponding potential 
differences. For example, iƴ ŎŀǎŜ ƻŦ ǘƘŜ ǉǳŀƴǘŀ ǾŀŎǳǳƳ ŜƴŜǊƎȅ IƛƭōŜǊǘ ǎǇŀŎŜ ǘƘŜǊŜ ƛǎ ŀ ƪƛƴŘ ƻŦ αǇǊŜǎǎǳǊŜά ƻƴ ǘƘŜ ǊŜŘǳŎŜŘ ƴǳƳōŜǊǎ ƻŦ 
ǇƻǎƛǘǊƛƴƻǎ ǘƻ αŎƻƴŘŜƴǎŜ with partnersάΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƎŜƴŜǊŀǘŜǎ ǇƻǎƛǘǊƻƴǎΣ ƳŀƎƴŜǘƻƴǎ, positroniums, and othersΦ ¢ƘŜ ŎƻƴǾŜǊǎŜ αŘŜŎŀȅά 
process is also governed by the potential energy differences within the energy Hilbert space structure, which is governed by a kind of least 
action principle ƛƴ ǘƘŀǘ ǿŀȅΣ ǘƘŀǘ ŀƭƭ αŎƻƴŘŜƴǎŜŘά ŜƴŜǊƎȅ ǉǳŀƴǘŀ ǘŜƴŘ ōŀŎƪ ǘƻ ǘƘŜ Ƴƻǎǘ ǎǘŀōƭŜ Ŝƴergy Hilbert space, which is the quanta 
vacuum energy Hilbert space. 
 

In this explanation story the observed cosmic background radiation may be interpreted as the background noise of the energy 
condensation process governed by the electrinos, while the energy condensation process governed by the positrinos finally generates stars 
like our sun, based on pure liquid hydrogen. 
 

The model allows to connect the half-life period of the - ŘŜŎŀȅ ǇǊƻŎŜǎǎ ǘƻ 5ƛǊŀŎΩǎ ŎƻƴŎŜǇǘ ƻŦ the epoche of our universe (UnA2) 
 
 

(*** ) in the 2-component modelling case this gives the complex Lorentz transform in the form Ὓ Ὓ 
 

(****) the transfer from the mechanical world to the dynamical world is governed by the Schrödinger2.0 operator 
 

(***** ) A variational representation of an operator in the form ὄ ὃ ὑ, where ὃ is a Ὄ  - coercive operator with a compact disturbance ὑ 
fullfills a coerciveness (Garding type type inequality) condition in the form, (AzA), (see also (KaY), (BrK10)), 
 

ὄόȟὺ ὧϽᴁόᴁᴁὺᴁ ὑόȟὺ or ὄόȟὺ ὧϽᴁόᴁ ὧϽᴁόᴁ 
 

with Ὄ ṒὌ  compactly embedded. For related arguments regarding the Boltzmann-Landau equations see (LiP), (LiP1).  
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2. Introduction 
 

a. Starting and end points 
 

Starting points 
 
There is a phenomenological and a conceptual structure of physics, which are mutually dependent on each 
other. This resulted into regional disciplines of physics, where physics at large scale decouples from the physics 
at a smaller scale, i.e., theoretical physics is scale dependent and at each scale, there are different degrees of 
freedom and different dynamics: 
 

Therefore, at each scale level to be studied, there is the need for a different theory (e.g. classical continuum mechanics, theory of granular 
structure, nucleus + electronic cloud, nuclear physics, QED, free-electron theory, modelling, e.g. the properties of metals, semiconductors, 
and insulators) to describe the behavior of the considered physical system depending on a scale (of energies, distances, momenta, etc.). 
For example, in quantum field theory, the dependence of the behavior on the scale is often expressed mathematically by the fact that in 
order to regularize (i.e. render finite) Feynman diagram integrals one must introduce auxiliary scales, cutoffs, etc. The effect of these 
choices on the physics is encoded into the renormalization group equation. This equation then becomes an important tool for the study of 
physical theories. When passing from a smaller scale to a larger scale irrelevant degrees of freedom are averaged over. Mathematically this 
means that they become integration variables and thus disappear. In classical mechanics one deals with three scales according to its 3 basic 
measurements: distance D, time T, mass M. In non-relativistic quantum theory and classical relativity it has two scales: D & T resp. D & M 
(mass M can be expressed through T & D using the Planck constant resp. T can be expressed via D using the speed of light). In relativistic 
quantum theory there is only one scale: distance D, (DeP) p. 551. 

 
The quantum theory has been developed by a step by step approach, which started 1900, when Max Planck 
ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ ǘƘŜƻǊȅ ƻŦ αǉǳŀƴǘŀ ǿƛǘƘ ǎǇŜŎƛŦƛŎ ŜƴŜǊƎƛŜǎά ǘƻ ŜȄǇƭŀƛƴ αǊŀŘƛŀǘƛƻƴά ŜŦŦŜŎǘǎΦ ¢ƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 
the step-by-step development process resulted into 
 

- paradoxes with respect to contradicting predictions  
- αŘǳŀƭƛǎƳά ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǇŀǊŀŘƻȄŜǎ ŀƴŘ ŎŀǎŜ ǎǇŜŎƛŦƛŎ ŘȅƴŀƳƛŎ ǇŀǊǘƛŎƭŜ ŘŜŦƛƴƛǘƛƻƴǎΦ 

 
Additionally to the theory of quantum phenomena and the theory of relativity an unification of particles and 
forces needs to include the Landau damping phenomenon, which is a characteristic of plasma dynamics. This 
phenomenon is accompanied by a sophisticated ponderomotive force acting on particles, which build nearly all 
of the known matter of the universe: 
 

!ōƻǳǘ фр҈ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ŀōƻǳǘ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ αǾŀŎǳǳƳάΦ ¢ƘŜ ǎŀƳŜ ǇǊƻǇƻǊǘƛƻƴ ŀǇǇƭƛŜǎ ǘƻ ǘƘŜ ŜƳǇǘȅƴŜǎǎ ōŜǘǿŜŜƴ ŀ ǇǊƻǘƻƴ ŀƴŘ an 
ŜƭŜŎǘǊƻƴΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ р҈ ƻŦ ǳƴƛǾŜǊǎŜΩǎ ǾŀŎǳǳƳ Ŏƻƴǎƛǎǘǎ ǊƻǳƎƘƭȅ ƻŦ р҈ ƳŀǘǘŜǊΣ ƻŦ нр҈ ǎƻǇƘƛǎǘƛŎŀǘŜŘ αdark matterάΣ ŀƴŘ ƻŦ тл҈ 
ǎƻǇƘƛǎǘƛŎŀǘŜŘ αdark energyάΦ bŜŀǊƭȅ ŀƭƭ όŀōƻǳǘ фф҈ύ ƻŦ ǘƘŜ р҈ ƳŀǘǘŜǊ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ƛƴ ϦǇƭŀǎƳŀ ǎǘŀǘŜϦΦ ! ǇǊŜǎǳƳŜŘ ǇƘȅǎƛŎŀƭ ŎƻƴŎŜǇǘ ƻŦ 
αdark matterά αŜȄǇƭŀƛƴǎά ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ǘƘŜ ǎǇƛǊŀƭ ǎƘŀǇŜǎ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜΦ ! ǇǊŜǎǳƳŜŘ ǇƘȅǎƛŎŀƭ ŎƻƴŎŜǇǘ ƻŦ αdark energyά ŜȄǇƭŀƛƴǎ ǘƘŜ 
phenomenon of the cosmic microwave background. At the same time the scope of theoretical plasma physics is about solid (conductor and 
semi-conductor) state physics, mechanical thermodynamical and electromagnetic particle vibrations affecting fluid mechanics, elasticity 
theory, thermodynamics, thermostatistics, the theory of electromagnetism, and quantum theory, (CaF) p. 1. 

 
The electrodynamics and the plasma dynamics is described by classical Partial Differential Equation (PDE) 
systems. The Maxwell (field) equations of electrodynamics also play an important role in quantum theory, as 
well as in the relativity theory.  

 

The Maxwell fields can carry energy from one place to another. It describes the electricity dynamics of an a priori existing charged 
elementary particle (called electron) in an idealized semiconductor world governed by an electric and a magnetic field. The induced electric 
(current) force is modelled by the sum of an electrical conductor line current and a so-called displacement current. The latter one is a cross-
section line reduced 1st order approximation of a virtual electrical insulator field shriveled ǳǇ ǘƻ ŀƴ αƛƴǎǳƭŀǘƻǊ ƭƛƴŜ ŎǳǊǊŜƴǘά ŀŎŎƻƳǇŀƴƛŜŘ ōȅ 
ǘƘŜ ƴƻǘƛƻƴǎ ƻŦ αǘƛƳŜά ŀƴŘ αŘƛǎǘŀƴŎŜάΦ 
The characteristic requirement of plasma dynamics models are approximately equal numbers of negatively and positively charged EPs. The 
standard EP is the electron particle accompanied by related positively charged ionized electrons. In simple words, the current particle 
ƳƻŘŜƭ ƛǎ ŀ ǎƛƴƎƭŜ ŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ǘǿƻ ǎǘŀǘŜ ŀǘǘǊƛōǳǘŜǎΣ αƛƻƴƛȊŜŘ ƴƻκȅŜǎάΦ !ŎŎƻǊŘƛƴƎƭȅΣ ǘƘŜǊŜ ŀǊŜ ǘǿƻ ŘƛŦŦŜǊent PDE models 
distinguishing between untrapped resp. trapped plasma particles requiring concepts like the Debye shield to protect the plasma flow from 
the influence of the Coulomb force. wŜƎŀǊŘƛƴƎ ǘƘŜ [ŀƴŘŀǳ ǇƘŜƴƻƳŜƴƻƴ ǘƘƛǎ ǊŜǎǳƭǘǎ ƛƴǘƻ ǘǿƻ ǊŜǉǳƛǊŜŘ ƎƻǾŜǊƴƛƴƎ αŦƻǊŎŜǎάΣ ǘƘŜ /ƻǳƭƻƳō 
force resp. a ponderomotive force, i.e., the phenomenon has two different causing forces depending from the considered mathematical 
model. ¢ƘŜ ǊŜƭŀǘŜŘ ŎŀǎŜ ǎǇŜŎƛŦƛŎ ŘȅƴŀƳƛŎǎ όǊŜǎǇΦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎŀǎŜ ǎǇŜŎƛŦƛŎ αŦƻǊŎŜά ǇƘŜƴƻƳŜƴŀύ ŀǊŜ Ƴŀƛƴƭȅ ƎƻǾŜǊƴŜŘ ōȅ ǘƘŜ ǇƘȅǎƛcal 
Newton/Coulomb potentials. Physically speaking, they represent charges, which are the sources of the considered fields of forces. 
Mathematically speaking, they are both the same mathematical (inverse) operator to the Laplacian operator, which plays a key role in 
potential theory and the related Hilbert scale theory, (BrK10).  
The quantum theory and the general relativity theory operate with different mathematical concepts. The Hilbert space framework of the 
quantum theory provides a truly geometric mathematical framework, while the field on field framework of the GRT (that focuses on gravity 
for understanding the universe in regions of both large scale and high mass) provides no geometric mathematical structure at all.  Big Bang 
models are on the basis of general relativity following from a number of greatly simplified physical assumptions of the universe 
accompanied by ordinary differential equations. Theoretical plasma physics model are classical PDE, basically all based on Boltzmann 
equations, which is a kinetic theory. 
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End points 
 

Mathematics 
 

Conceptual mathematical modelling components 
 
There is a Hilbert scale framework providing Ὄ  and (  based (energy) Hilbert spaces, where Ὄ , ᶰ πȟρ, is 

in line with the theory of hypersingular integral equations (relevant in aerodynamics, (LiI)), and (  based 

domains enable strong hyperbolic partial differential operators (e.g., the ŘΩ!ƭŜƳōŜǊǘ όǿŀǾŜύ ƳƻŘŜƭ ƻǇŜǊŀǘƻǊύΦ 
 

From a mathematical modelling perspective the standard (energy) Hilbert space Ὄ in potential theory equipped with 
the (Dirichlet integral) inner product ɳόȟɳὺ is extended to Ὄ , ᶰ πȟρ, where  ρȾς plays a specific role. The 

physical Newton/Coulomb potentials correspond to single layer (potential) integral (inverse) operators to the Laplacian 
operator, and the exterior Neumann problem admits one and only one generalized solution for ρȾς Ò ρ. The 
corresponding double layer (hyper-singular integral) potential operator of the Neumann problem is the bounded Prandtl 

operator 0ȡ( ᴼ(  for π Ò ρ, ((LiI) 4.2.  
 
The Ὄ  IƛƭōŜǊǘ ǎŎŀƭŜ ƛǎ ōǳƛƭǘ ƻƴ ŜƛƎŜƴǇŀƛǊ ǎƻƭǳǘƛƻƴǎ ƻŦ αǎǘǊƻƴƎ ŜƭƭƛǇǘƛŎάΣ ǎȅƳƳŜǘǊƛŎ ǇŀǊǘƛŀƭ ŘƛŦŦŜǊŜƴǘƛŀƭ ƻǇŜǊŀǘƻǊǎ 
acompanied by a corresponding potential theory; the most relevant PD operators of physical PDE models are hyperbolic 
PDO, which are in general not strong hyperbolic equipped with Ὄ  base domains, but with (  based domains. 

 
There is a Krein space based framework providing the concepts of (self-adjoint) potential operators, potentials, 
and functionals generating hyperbolids, which are accompanied by related constants.  
 

The concept support ǘƘŜ ŀǎǇƛǊŀǘƛƻƴ ƻŦ !Φ ¦ƴȊƛŎƪŜǊΩǎ αaŀǘƘŜƳŀǘƛŎŀƭ wŜŀƭƛǘȅάΣ ǿƘŜǊŜōȅ ǘƘŜ ǎƻ-ŎŀƭƭŜŘ αƴŀǘǳǊŜ 
Ŏƻƴǎǘŀƴǘǎά ŘŜŦƛƴŜ ǘƘŜ αǇƻǘŜƴǘƛŀƭ ōŀǊǊƛŜǊǎά ōŜǘǿŜŜƴ ǘƘŜ ǇǳǊŜƭȅ ŘȅƴŀƳƛŎŀƭ ǿƻǊƭŘǎ ŀƴŘ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ-dynamical 
worlds governed by the least action principle (UnA2).  

 
There are functionals in Hilbert spaces governing invariant quantities in energy conservation laws 
 

¢ƘŜ ƛƴǾŀǊƛŀƴǘ ǉǳŀƴǘƛǘƛŜǎ ƛƴ ǘƘŜ ŜƴŜǊƎȅ ŎƻƴǎŜǊǾŀǘƛƻƴ ƭŀǿǎ ŀǊŜ ŎŀƭƭŜŘ αŦǳƴŎǘƛƻƴŀƭǎάΦ ¢ƘŜ ƴƻǊƳ ƻŦ ŀƴ ŜƭŜƳŜƴǘ ƻŦ ŀ IƛƭōŜǊǘ 
space is the most simple example of a functional (in this case the potential of the quanta); in the context of this paper 
the concept of ŀ αŘǳŀƭ IƛƭōŜǊǘ ǎǇŀŎŜά ƛǎ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭƭȅ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƻƴŜΦ ¢ƘŜ ŜǎǎŜƴǘƛŀƭ ŘƛŦŦŜǊŜƴǘƛŀǘƻǊ ōŜǘǿŜŜƴ 
ǘƘŜ αǇƭŀǎƳŀά ŀƴŘ ǘƘŜ αŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎά ƳƻŘŜƭƭƛƴƎ ŎŀǎŜ ƛǎ ǘƘŜ ŦŀŎǘΣ ǘƘŀǘ ǘƘŜ αǇƭŀǎƳŀά όŜƭŜŎǘǊƻƴΣ ǇƻǎƛǘǊƻƴύ 
ŎƻƳǇƻƴŜƴǘǎ ŀǊŜ ƛƴ ŀ ŎŜǊǘŀƛƴ ǎŜƴǎŜ αŘǳŀƭά ǘƻ ŜŀŎƘ ƻther, while the (electroton, magneton) components are not. 

 
There is a least action principle enabled by the compact embeddings of the different quanta energy 
Hilbert spaces ( Ṓ( Ṓ(Ⱦ ṒὌ . 
 

The least action principle ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ [ŜƛōƴƛȊΩǎ ƛƴǘŜƎǊŀƭ ǇǊƛƴŎƛǇƭŜΣ ǿƛǘƘ {ŎƘǊǀŘƛƴƎŜǊΩǎ ƻǊŘŜǊ-from-order mechanism 
ƎƻǾŜǊƴƛƴƎ ǊŜƎǳƭŀǊ ŎƻǳǊǎŜǎ ƻŦ ŜǾŜƴǘǎΣ ǿƛǘƘ tƭŀƴŎƪΩǎ ŘȅƴŀƳƛŎŀƭ ǘȅǇŜ ƻŦ ǇƘȅǎƛŎŀƭ ƭŀǿǎΣ ŀƴŘ ǿƛǘƘ .ƻƘƳΩǎ ƛƳǇƭƛŎŀǘŜ ŀƴŘ 
explicate order in physical laws. KolmogoǊƻǾΩǎ ŀȄƛƻƳǎ ƻŦ ŎƭŀǎǎƛŎŀƭ ǇǊƻōŀōƛƭƛǘȅ ŎŀƭŎǳƭǳǎ ǉuantum mechanics can be 
interpreted as a generalized probability theory based on axioms on the set F of random events, where every random 
event is represented by a set of elementary random events. In the context of the proposed Hilbert scale framework F 
becomes a lattice of compact embedded Hilbert subspaces of Hilbert spaces. 

 
There is a Hilbert space (  providing the appropriate domain to enable a strong hyperbolic ŘΩ!ƭŜƳōŜǊǘ όǿŀǾŜύ 

operator in alignment with the Prandtl operator and there is an extended Maxwell-Mie theory providing the 
ǇƘȅǎƛŎŀƭ ŎƻƴŎŜǇǘ ƻŦ ŀƴ αŜƭŜŎǘǊƛŎ ǇǊŜǎǎǳǊŜά, e.g., modelled as αŜƭŜŎǘǊƻǘƻƴ-positrino or electronium-positron 
potential differences, which may be interpreted as potential quanta energy motions. 
 
There is a complex Lorentz group 35ςṧ35ς governing conservation of energy laws of quanta pairs 
 

The existence of invariance reveals an underlying symmetry. The change process of the ɼ-decay (neutron Ą 
proton+electron+antineutrino) is described/modelled by symmetry group 35ςḙ3,ςȟ#; the related particle 
ƳƻŘŜƭ ƛǎ ŀ ǇƘȅǎƛŎŀƭ ǎǳōǎǘŀƴŎŜ ŎŀƭƭŜŘ ƴǳŎƭŜƻƴ ǿƛǘƘ ǘǿƻ ǎǘŀǘŜǎΣ ŎŀƭƭŜŘ αƴŜǳǘǊƻƴά ŀƴŘ αǇǊƻǘƻƴάΤ ǘƘŜ Ǌƻƻǘ ŎŀǳǎŜ ƻŦ ǘƘŜƛǊ 
αŦƻƭŘƛƴƎ ƻǾŜǊκŦƭƛǇǇƛƴƎά ƛǎ ŎŀƭƭŜŘ αǿŜŀƪ όŦƻǊŎŜύ ƛƴǘŜǊŀŎǘƛƻƴάΦ ¢ƘŜ ǇƻǎƛǘǊƻƴ ŀƴŘ ŜƭŜŎǘǊƻƴ ƘŀǾŜ ǎƛƳƛƭŀǊƛǘȅ ǿƛǘƘ ǘƘŜ ὡ  and 
ὡ  bosons, and the photon boson has similarity with the ὤ boson. Therefore, the complex Lorentz group (with 
underlying two pairs of components, which are both connected accompanied by a related multiplication law; the 
symmetry group of the Coulomb problem) provides the appropriate symmetry group for the two proposed dynamical 
quanta pairs. In other words, if one wants a mechanical energy of dynamical quanta to change a merely complex 
[ƻǊŜƴǘȊ ƎǊƻǳǇ ƎƻǾŜǊƴŜŘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǿƻƴΩǘ Řƻ ƛǘΦ  

 
 
 
 
 



 

14 
 

Physics 
 

Conceptual physical modelling components 
 
There is a purely deductive (axiomatic) conceptual structure of theoretical physics based on two pure forms 
όǎƘŀǇŜǎύΣ ƛƴ ƭƛƴŜ ǿƛǘƘ tƭŀǘƻΩǎ ŎƻƴŎŜǇǘ ƻŦ όƳŀǘƘŜƳŀǘƛŎŀƭύ ǘƛƳŜƭŜǎǎ ŜȄƛǎǘŜƴŎŜ ǿƛǘƘƻǳǘ όǇƘȅǎƛŎŀƭύ ǎǇŀŎŜΦ  
 
There is a new dynamical energy type and a related (energy) Hilbert space decomposition in the form Ὁ ḧ

Ὁ ṧὉ  accompanied by a (discrete) energy knots structure of Ὁ . The related Hamiltonian 

(selfadjoint) operator Ὄ is expressed as the sum of a mechanical and a dynamical potential operator, and 
corresponding types of physical statistical and dynamical laws. Those are in ƭƛƴŜ ǿƛǘƘ CŜȅƴƳŀƴΩǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ 
ƻŦ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴǎ ƻŦ ŜƭŜŎǘǊƻƴǎΣ ǇƻǎƛǘǊƻƴǎΣ ŀƴŘ ƭƛƎƘǘΣ ŀƴŘ aŀŎƘΩǎ ǎǘŀǘŜƳŜƴǘΣ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ƴƻ ǇǳǊŜƭȅ 
mechanical processes in physics. CƻǊ ŜȄŀƳǇƭŜΣ 9ƛƴǎǘŜƛƴΩǎ Ƴŀǎǎ-energy conservation law % Íὧ and the 

definition of temperature in the form ὯϽ  are only valid for mechanical energy Hilbert space governed 

laws. 
 

 αwƛŎƘŀǊŘ CŜȅƴƳŀƴ ōŜŎŀƳŜ ŦŀƳƻǳǎ ŦƻǊ Ƙƛǎ ƛƴǘǊƛƎǳƛƴƎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴǎ ƻŦ ŜƭŜŎǘǊƻƴǎΣ ǇƻǎƛǘǊƻƴǎΣ ŀƴŘ ƭƛƎƘǘΦ 
 

¢ƘŜ ōŀǎƛŎ ƛŘŜŀ ƛǎ ŦŀƛǊƭȅ Ŝŀǎȅ ǘƻ ƎǊŀǎǇΦ ¢Ƙŀƴƪǎ ǘƻ IŜƛǎŜƴōŜǊƎΩǎ ǳƴŎŜǊǘŀƛƴǘȅ ǇǊƛƴŎƛǇƭŜΣ ŀ ǘǊŀǾŜƭƭƛƴƎ ŜƭŜŎǘǊƻƴ Ŏŀƴ ōƻǊǊƻǿ ŦƻǊ ŀ little time ὸ an amount of energy Ὁ ὬȾὸ. 
Electrons may use this energy for juggling with photons. Like two people sitting on wheeled office chairs who are throwing heavy medicine balls to one another 
and rolling backward every time they pitch or catch the ball, two electrons that exchange photons knock each other back, too. Feynman managed to reformulate 
the laws of electrodynamics ς two electrons feel a repulsive force ς in these funny terms. 
 

The calculations based on this have lead to predictions that have been precisely tested and are considered the best measured results of all physics (The magnetic 
moment of an electron (its inherent magnetism) and the so-called Lamb shift in the spectral liƴŜǎ ƻŦ ŀƴ ƘȅŘǊƻƎŜƴ ŀǘƻƳύΦ Χ ¸Ŝǘ ƴƻōƻŘȅ ƪƴƻǿǎ ǘƘŜ ǊŜŀǎƻƴ ŦƻǊ ƛǘάΣ 
(UnA) p. 146: 

 

 αwŜƛƴ ƳŜŎƘŀƴƛǎŎƘŜ ±ƻǊƎŅƴƎŜ Ǝƛōǘ Ŝǎ ƴƛŎƘǘΦ ²Ŝƴƴ aŀǎǎŜƴ ƎŜƎŜƴǎŜƛǘƛƎŜ .ŜǎŎƘƭŜǳƴƛƎǳƴƎŜƴ ōŜǎǘƛƳƳŜƴΣ ǎƻ ǎŎƘŜƛƴǘ ŘƛŜǎ ŀƭƭŜǊŘƛƴƎǎ Ŝƛƴ reiner Bewegungsvorgang zu 
sein. Allein immer sind mit diesen Bewegungen in Wirklichkeit auch thermische, magnetische und elektrische Änderungen verbunden, und in dem Maße, als diese 
hervortreten, werden die Bewegungsvorgänge modifiziert. Umgekehrt können auch thermische, magnetische, elektrische und chemische Umstände Bewegungen 
bestimmen. Rein mechanische Vorgänge sind also Abstraktionen, die absichtlich oder notgedrungen zum Zwecke der leichtern Übersicht vorgenommen werden. 
Dies gilt auch von den übrigen Klassen der physikalischen Erscheinungen. Jeder Vorgang gehört genau genommen allen Gebieten der Physik an, welche nur durch 
eine teils konventionelle, teils physiologische, teils historisch begründete Einteilung getrennt sindά, (MaE) S. 519 

 

There are interconnected (mathematical) abstract and (physical) composed energetical (dynamical-dynamical) 
and (mechanical-dynamical) quanta pair fields in line with the thoughts in (DaJ) 
 

i) three (vacuum όαƎǊƻǳƴŘ ǎǘŀǘŜ ŜƴŜǊƎȅάύ, plasma, electromagnetic) dynamical-dynamical energy quanta pair fields 
ii) three (atomic) mechanical-dynamical energy quanta pair fields 

 
The dynamical-dynamical and mechanical-dynamical quanta pair field models are accompanied by a related potential operator defining an inner product (and an 
induced norm) on all of the related plasma energy Hilbert space ( . The quanta pair concept enables the Maxwell-Mie theory, providing the concept of 
αǇǊŜǎǎǳǊŜά όǇƻǘŜƴǘƛŀƭ ŘƛŦŦŜǊŜƴŎŜύΦ ¢ƘŜ  αŦǊŜŜ ǎǇŀŎŜά όŎŀƭƭŜŘ αǾŀŎǳǳƳάύ ŜƭŜŎǘǊƛƴƻ-positrino energetical quanta pair Hilbert space framework is accompanied by 
corresponding electrino resp. positrino Mie-pressures, (*)  independently defined from conceptual (mechanical energy based) notions like matter particle, space, 
time, and momentum. 
(*) α[ƻǊŜƴǘȊ ǎǳŎŎŜŜŘŜŘ ƛƴ ǊŜŘǳŎƛƴƎ ŀƭƭ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ƘŀǇǇŜƴƛƴƎǎ ǘƻ aŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ ŦƻǊ ŦǊŜŜ ǎǇŀŎŜάΣ ό9ƛ!рύ 

 
There are probability theory based physical quanta creation processes ŀƴŘ ǘƘŜǊŜ ƛǎ ŀ ǇǊƛƴŎƛǇƭŜ ƻŦ αǇƻǘŜƴǘƛŀƭ 
ŘƛŦŦŜǊŜƴŎŜ ŎƻƳǇŜƴǎŀǘƛƻƴά ōŜǘǿŜŜƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǉǳŀƴǘŀ ǇŀƛǊ ŦƛŜƭŘǎ causing corresponding physical quanta 
decay processes 
 

¢ƘŜ αǉǳŀƴǘŀ ŎǊŜŀǘƛƻƴ ǇǊƻŎŜǎǎά ƛǎ ōŀǎŜŘ ƻƴ ŀǇǇǊƻǇǊƛŀǘŜ ŎƻƳǇƻǎƛǘƛƻƴǎ ƻŦ ǘǿƻ ƳŀǘƘŜƳŀǘƛŎŀƭ ōŀǎŜƭƛƴŜ όǾŀŎǳǳƳΣ ƛƴŦƻǊƳŀǘƛƻƴ ŎŀǊǊƛŜǊύ quanta, the electrino  and the 
positrino “Σ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘǿƻ ŎƻƴŎŜǇǘǳŀƭ ŘƛŦŦŜǊŜƴǘ ǎŜǘǎ ƻŦ ǉǳŀƴǘŀ ƴǳƳōŜǊǎ ǿƛǘƘ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŘƛŦŦŜǊŜƴǘ αŘŜƴǎƛǘȅά ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ǎŜǘs of positive odd (with 
{ƘƴƛǊŜƭΨƳŀƴ ŘŜƴǎƛǘȅ ѹύ ǊŜǎǇΦ ŜǾŜƴ όǿƛǘƘ {ƘƴƛǊŜƭΨƳŀƴ ŘŜƴǎƛǘȅ ȊŜǊƻύ ƛƴǘŜƎŜǊǎΦ ¢ƘŜ ǾŜǊȅ ŦƛǊǎǘ ǇƻǎǎƛōƭŜ ŎƻƳōƛƴŀtions are , “, ““ enabling the creation of the 
(electron, positron) plasma resp. electromagnetic (electroton, magneteton) dynamical-dynamical quanta pairs, ȟ““ resp. “ȟ““. The system intrinsic 
αǉǳŀƴǘŀ ŎǊŜŀǘƛƻƴ ǇǊƻŎŜǎǎά ƻŦ ǘƛƳŜ-independent dynamical energetical quanta fields and space-ǘƛƳŜ ŘŜǇŜƴŘŜƴǘ ƳŜŎƘŀƴƛŎŀƭ ŜƴŜǊƎŜǘƛŎŀƭ αƳŀǘǘŜǊά ǉǳŀƴǘŀ ƛǎ ƛƴ ƭƛƴŜ 
ǿƛǘƘ αthe physics of creationά ŀŎŎƻǊŘƛƴƎ ǘƻ αthe perfect cosmological principleά ŀǎ ǇŀǊǘ ƻŦ αthe steady-state theory of the expanding universeάΣ ό.ƻIύΣ ό.ƻIмύΣ ŀƴŘ 
WΦ .ŀǊōƻǳǊΩǎ ŎƻƴŎŜǇǘƛƻƴ ƻŦ ααƳŀǘǘŜǊά ǊŜǉǳƛǊŜǎ ŀƴ αŀǊǊƻǿ ƻŦ ǘƛƳŜά ŀƴŘ αǎǇŀŎŜάάΣ ό.ŀWмύΦ ¢ƘŜ ǘƘǊŜŜ ŎƻƳǇƻǎŜŘ ŀǘƻƳƛŎ ƳŜŎƘŀƴƛŎŀƭ ǉuanta are in line with the 
periodic table of chemistry with its underlying three shell atomic model providing three mechanical atom types, -conductors and π-isolators.  
 

The αquanta decay processά ƛǎ ƎƻǾŜǊƴŜŘ ōȅ ŀ ƴŜǿ ǇǊƛƴŎƛǇƭŜ ƻŦ ƴŀǘǳǊŜΣ ŎŀƭƭŜŘ αƛƴǘŜǊ-dynamical physical quanta field potential compensation (towards the vacuum 
ŦƛŜƭŘΣ ŦƛƴŀƭƭȅύάΦ  ²Ŝ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ŎŜƭƭ ōǳƛƭŘƛƴƎ ǇǊƻŎŜǎǎ ǊŜǉǳƛǊŜǎ ŀ ŎƻƴŎŜǇǘ ƻŦ αƳŜƳōǊŀƴŜ ƭŀȅŜǊά ŜƴŀōƭƛƴƎ ŀ ƳŜƳōǊŀƴŜ αŘƻǳōƭŜ ƭŀȅŜǊ ǇƻǘŜƴǘƛŀƭά Řƛfference.  

 
There is a quanta plasma theory providing an appropriate Landau damping model accompanied by a single 
causing effect and there is MachΨǎ cosmological principle to select physical relevant cosmological models based 
on integrated quanta vacuum (ground state energy) and plasma dynamics models. 
 

The specific dynamical-dynamical plasma quanta pair concept meets the characteristic modelling requirement of approximately equal numbers of negatively and 
positively charged plasma quanta. The nearly equal corresponding electron resp. positron pressures enable an appropriate model for the Landau damping 
phenemenon: this is about wave damping without energy dissipation by elementary particle collisions; the Landau damping phenemenon is a characteristic of 
collisionless plasmas. However, the characteristics plasma interaction phenomenon has also applications in other fields. For instance, in the kinetic treatment of 
galaxy formation, stars can be considered as atoms of a plasma interaction via gravitational rather than electromagnetic forces.  
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b. The Gordian knot undone in a Hilbert-Krein scale framework 
 
The mathematical framework of the General Relativity Theory (GRT) does not allow the derivation of the laws 
of gravitational radiation as dynamic developments of initial data sets, (ChD). The "Evolution Problem in 
General Relativity", i.e., the full solution of the radiation problem in vacuum for arbitrary asymptotically flat 
inital data sets, (KlS1), is about a not well-posed, (LoA1), nonlinear hyperbolic partial differential equation 
system on Riemann manifolds equipped with the Einstein metric accompanied by mathematical singularities 
and related physical "black holes", (PeR) p. 444. Essentially, the mathematical models of all gravitational 
phenomena related theories, like Big Bang, CMBR, and all that, lead to decoupled, not complete, 
and inconsistently defined physical theories. The Standard Model of Elementary Particles (SMEP) is about 
three decoupled, not complete, but consistently defined physical theories, (GlJ). The common denominator of 
those three theories is the quantum mechanics, which is based on an axiomatic structure in a Hilbert 
space framework, (NeJ). 
 
The mathematical modelling framework of the GRT (manifolds and all that) is incompatible to the 
mathematical framework of the SMEP. The scope of the "Unfinished Revolution" in physics regarding the two 
discoveries, the relativity and the quantum, is described by Smolin's "five unsolved problems in the 
theoretical physics", (SmL1). 
 

The Gordian knot: αthe principle of transfer causalityά 
 
Classical mechanics is concerned with kinematics and dynamics. Classical kinematics deals with the different 
forms of the movement of bodies in a space-time environment. Classical dynamics should explain the reasons 
of the connection of those different form of movements. The common denominator of all dynamical models in 
physics is the principle of transfer causality, ("Prinzip der Übertragungs-Kausalität", or, Impetusprinzip, (WoM)). 
 
In the SMEP "the principle of transfer causality" leads to the invention of two types of quantum elements, the 
fermions and the bosons. Correspondingly there are three decpupled electromagnetic, weak and strong 
interaction models of the SMEP equipped with related decoupled fermion and boson groups and accompanied 
with related groups of arbitrary (free) parameters w/o any physical meaning. In the GRT "the principle of 
transfer causality" is addressed by the principle that "the boundary of the boudary of a manifold is zero", ((CiI) 
p. 49. 
 
The mathematical framework of the proposed deductive quanta field model are Hilbert-Krein spaces with 
ƛƴŘŜŦƛƴƛǘŜ ƴƻǊƳκƳŜǘǊƛŎΦ ¢ƘŜ ǘƘŜƻǊȅ ƎƻŜǎ ōŀŎƪ ǘƻ tƻƴǘǊȅŀƎƛƴΩǎ ŀǊǘƛŎƭŜ αHermitian operators in spaces with an 
indefinite metricά ŦǊƻƳ мфппΣ όtƻ[ύΦ 5ƛǊŀŎ ŀƴŘ tŀǳƭƛ ƘŀŘ ŜƴŎƻǳƴǘŜǊŜŘ ǎǳŎƘ ǎǇŀŎŜǎ ǎƻƳŜǿƘŀǘ ŜŀǊƭƛŜǊΣ ό5ƛtύΣ 
(PaW). The axiomatic theory goes back to Krein and Iokhvidov, (AzT). Hilbert spaces with indefinite metric play 
ŀƭǎƻ ŀ ƪŜȅ ǊƻƭŜ ƛƴ IŜƛǎŜƴōŜǊƎΩǎ αIntroduction to the Unified Field Theory of Elementary ParticlesάΣ όIŜ²ύΦ ¢ƘŜ 
integral components of Hilbert-Krein spaces with indefinite norm/metric are potential operators and 
potentials, (VaM). 
 
The considered baseline Hilbert space Ὄ  is defined by the inner product resp. norm 

 

ὼȟώ В Ὡ  ὼ ώ,   ᴁὼᴁ ὼȟὼ . 

 
The related Krein spaces ὌȢ ṧὌȢ  are based on appropriately defined ‖-quanta systems enabling the 

definition of dynamical energy Hilbert spaces by the norms  
 

ᴁȿὼȿᴁ ȡ ᴁȿὼȿᴁȢ В ‗ ὼ , ‖ π. 

 
The baseline αǾŀŎǳǳƳ ŦƛŜƭŘά όǘƘŜ αƎǊƻǳƴŘ ǎǘŀǘŜ ŜƴŜǊƎȅ ŦƛŜƭŘάύ ƻŦ ǘƘŜ ‖-quanta system is governed by two 
dynamical quanta, the electrino and the positrino. The definitions of their quanta numbers are motivated by 
ǘƘŜ ŘƛŦŦŜǊŜƴǘ {ŎƘƴƛǊŜƭƳŀƴƴ ŘŜƴǎƛǘƛŜǎ ƻŦ ǘƘŜ  ƻŘŘ όαмκнάύ ŀƴŘ ŜǾŜƴ όαȊŜǊƻάύ ƛƴǘŜƎŜǊǎ, (NaM). 
 
(*)   ‗ ḧ‗᷿ ὸὥὲὬ‖†Ὡ Ὠ†  ς‗, (GrI) 3.541, 8.361, 8.370;  

      ρ ὼ  for ὼ ρ   (NiN) S. 38 
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c. The two guiding principles 
 

α¢ƻ ǎǳƳƳŀǊƛȊŜΣ L ǿƻǳƭŘ ǳǎŜ ǘƘŜ ǿƻǊŘǎ ƻŦ WŜŀƴǎΣ ǿƘƻ ǎŀƛŘ ǘƘŀǘ αǘƘŜ DǊŜŀǘ !ǊŎƘƛǘŜŎǘ ǎŜŜƳǎ ǘƻ ōŜ ŀ ƳŀǘƘŜƳŀǘƛŎƛŀƴάΦ ¢ƻ 
those who do not know mathematics it is difficult to get across a real feeling as to the beauty, the deepest beauty, of 
ƴŀǘǳǊŜΦ ΧΦLŦ ȅƻǳ ǿŀƴǘ ǘƻ ƭŜŀǊƴ ŀōƻǳǘ ƴŀǘǳǊŜΣ ǘƻ ŀǇǇǊŜŎƛŀǘŜ ƴŀǘǳǊŜΣ ƛǘ ƛǎ ƴŜŎŎŜǎǎŀǊȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƭŀƴƎǳŀƎŜ ǘƘŀǘ ǎƘŜ 
speaks in. She offers her information only in one form; we are not so unhumble as to demand that she change before we 
pay any attentionά (FeR1) p. 58. 

 

άWhat is it about nature that lets this (the tremendous delight that you get when you guess how nature will work in a new 
situation never seen before) happen, that it is possible to guess from one part what the rest is going to do? That is an 
unscientific question: I do not know how to answer it, and therefore I am going to give an unscientific answer. I think it is 
because nature has a simplicity and therefore a great beautyάΣ όCŜwмύ ǇΦ мтоΦ 

 
¢Ƙƛǎ ǎŜŎǘƛƻƴ ǊŜŦŜǊǎ ǘƻ wΦ CŜȅƴƳŀƴΩǎ άThe character of physical lawsάΣ όCŜwмύΣ ŀƴŘ WΦ IƻƭǘΩǎ αPhilosophical tour 
ŘΩƘƻǊƛȊƻƴ ǘƘǊƻǳƎƘ ǘƘŜ ƳȅǎǘŜǊȅ ƻŦ ŜȄƛǎǘŜƴŎŜ ǘƻ ƎǊŀǎǇ ǘƘŜ ƻǊƛƎƛƴ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜάΣ όIƻWύ p. 17 ff.. Two of the 
interview partners of J. Holt were A. Vilenkin and S. Weinberg: 
 

(HoJ) p. 143: (A. Vilenkin), ά²ƘŜƴ ±ƛƭŜƴƪƛƴ ǘŀƭƪǎ ŀōƻǳǘ ǘƘŜ ǳƴƛǾŜǊǎŜΣ ŀǊƛǎƛƴƎ ŦǊƻƳ αƴƻǘƘƛƴƎάΣ ƘŜ ƳŜŀƴǎ ƛǘ ǉǳƛǘŜ ƭƛǘŜǊŀƭƭȅΣ ŀǎ L ƭŜŀǊƴŜŘ ŦǊƻƳ 
ŎƘŀǘǘƛƴƎ ǿƛǘƘ ƘƛƳ ŀ ŦŜǿ ȅŜŀǊǎ ŀƎƻΦ άbƻǘƘƛƴƎ ƛǎ ƴƻǘƘƛƴƎΗά ƘŜ ƛƴǎƛǎǘŜŘ ǘƻ ƳŜΣ ǿƛǘƘ ǎƻƳŜ ǾŜƘŜƳŜƴŎŜΦ αbƻǘ Ƨǳǎǘ ƴƻ ƳŀǘǘŜǊΦ LǘΩǎ ƴƻ ǎǇŀŎŜΦ bƻ 
ǘƛƳŜΦ bƻǘƘƛƴƎΦά 
But how could a physicist even define a state of sheer nothingelse? Here is where Vilenkin showed ingenuity. Imagine spacetime as the 
ǎǳǊŦŀŎŜ ƻŦ ŀ ǎǇƘŜǊŜΦ ό{ǳŎƘ ŀ ǎǇŀŎŜǘƛƳŜ ƛǎ ŎŀƭƭŜŘ αŎƭƻǎŜŘάΣ ǎƛƴŎŜ ƛǘ ŎǳǊǾŜǎ ōŀŎƪ ƻƴ ƛǘǎŜƭŦΤ ƛǘ ƛǎ ŦƛƴƛǘŜΣ ŜǾŜƴ ǘƘƻǳƎƘ ƛǘ Ƙŀǎ ƴƻ ōƻǳƴŘŀǊƛŜǎΦύά 
 

(HoJ) p. 158: (S. Weinberg), ά[ŜƛōƴƛȊΩ ŦǳƴŘŀƳŜƴǘŀƭ ǉǳŜǎǘƛƻƴ αwhy there is something rather than nothingάΣ is not in scope of theoretical 
ǇƘȅǎƛŎǎΣ ōǳǘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ǘƘŜ ōǊƻŀŘŜǊ ǉǳŜǎǘƛƻƴ ǘƘŀƴ ƛǘΣ αwhy are things the way they are?ά Χ αǿŜ ŘƻƴΩǘ ƘŀǾŜ ȅŜǘ ǿƘŀǘ L Ŏŀƭƭ ŀ Ŧƛƴŀƭ ǘƘŜƻǊȅά 
Χά²Ƙȅ ŀǊŜ ǘƘŜ ƭŀǿǎ ǘƘŀǘ ǿŀȅΣ , rather than some other way?ά Χ α!ƴŘ L ŘƻƴΩǘ ǘƘƛƴƪ ōŜƭƛŜŦ ƛƴ DƻŘ ƘŜƭǇǎά αǿŜ ŘƻƴΩǘ ǊŜŀƭƭȅ ǳƴŘŜǊǎǘŀƴŘ ǇƘȅǎƛŎǎά 
ΧάLΨƳ ŀƭǎƻ ǎƪŜǇǘƛŎŀƭ ƻŦ ŀƴȅƻƴŜ ǿƘƻ ǉǳƻǘŜǎ ǘƘŜƻǊŜƳǎ ŀōƻǳǘ ƛƴŜǾƛǘŀōƭŜ ǎƛƴƎǳƭŀǊƛǘƛŜǎ ς IŀǿƪƛƴƎ ǘƘŜƻǊŜƳǎ ŀƴŘ ǎƻ ƻƴά, (HoJ) p. 154/155 
ΧάvǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎǎ ƛǎ ǊŜŀƭƭȅ ŀƴ ŜƳǇǘȅ ǎǘŀƎŜΦ Lǘ ŘƻŜǎƴΩǘ ǘŜƭƭ ǳǎ ŀƴȅǘƘƛƴƎ ōȅ ƛǘǎŜƭŦά Χ άΧ quantum mechanics by itself does not say 
anything about the universe spontaneously coming into existence.ά 

 
From (FeR1) and (HoJ) we built the following two guiding principles for the conceptual design of the proposed 
unified field theory: 
 

(1) simplicity has priority over complexity 
 

(2) there is a mathematical foundation for the physical world in form of an entity that carry 
within itself the logical guarantee of ist own existence, (HoJ) p. 90. 

 
The guiding principle (1) is in line with the above quote from R. Feynman. The probably most prominent 
modelling framework candidate in the context of an unified quantum field theory is the quantum mechanics. It 
is governed by the most simple and successful concept in functional analysis, the Hilbert space theory. (*)   

 
 

Regarding the guiding principle (2) according to Leibniz the one sure ontologic foundation of a contingent world 
ŎƻǳƭŘ ƻƴƭȅ ōŜ αDƻŘάΤ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ǿƻǊƭŘ ǿŀǎ ŎǊŜŀǘŜŘ ōȅ DƻŘ ƻǳǘ ƻŦ ƴƻǘƘƛƴƎ όαcreatio ex nihiloάύΣ όIƻWύ. In our 
case the firm αontologicά basis for the physical world, i.e., the entities which carry the logical guarantee of their 
existence, is provided by purely mathematical theories; this principle is called αcreatio ex fere nihiloά. (**)  
 
(*) Note: The invariant quantities in energy conservation laws are governed by functionals. The simplest model of functionals in analysis are 
the functionals defined in a Hilbert space framework. In our model there are two (quantum mechanical & quantum dynamical) energy 
types accompanied by two connected Hamiltonian energy operators with different domains (the dynamical quantum element types may 
be interpreted as the vis viva quantities of Leibniz). The Hilbert space structure is built by appropriate (compactly embedded) sub-Hilbert 
spaces to enable the Mie theory (characterized by discrete energy knots). There is a purely mathematical baseline ground state energy 
Hilbert space, which is the most stable one of the entire Hilbert space structure. 
 

¢ƘŜ ƻōǎŜǊǾŜŘ ŎƻǎƳƛŎ ōŀŎƪƎǊƻǳƴŘ ǊŀŘƛŀǘƛƻƴ ǇƘŜƴƻƳŜƴƻƴ ƛǎ ŎǳǊǊŜƴǘƭȅ ŜȄǇƭŀƛƴŜŘ ŀǎ ƭŜŦǘƻǾŜǊ ŦǊƻƳ ǘƘŜ α.ƛƎ .ŀƴƎάΦ ¢ƘŜ ƭŀǿǎ ƻŦ ǘƘŜ DRT 
governing the evolution of the universe are not valid for ὸ πȟЊ. From the analysis in (DeH) it is concluded that the space-time continuum 
is only the stage (res extensa), on which the real actions of the world, the quantum dynamics, takes place; this limits the scope of validity of 
the GRT to the macroscopic behaviour of bodies. The proposed pair of two quanta electromagnetic energy fields enables an alternative 
explanation of the ƻōǎŜǊǾŜŘ ŎƻǎƳƛŎ ōŀŎƪƎǊƻǳƴŘ ǊŀŘƛŀǘƛƻƴΣ ǿƘƛŎƘ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ wƻōƛǘŀƛƭƭŜΩǎ ǊŜŜǾŀƭǳŀǘƛƻƴ ƻŦ YƛǊŎƘƘƻŦŦΩǎ ƭŀǿ ŀǇǇƭƛŜŘ ǘƻ 
tƭŀƴŎƪΩǎ ōƭŀŎƪōƻŘȅ ŜǉǳŀǘƛƻƴΣ όwƻtмύΦ 

The simplest model of functionals in analysis are the functionals defined in a Hilbert space framework and the invariant quantities in 
energy conservation 
 

(**)  άalmostά latΦ άŦereάΤ according to D. Hume the existence of a given thing must not only rely on other things (see (HuD), the impressive 
idea of Philo in the debate with Cleanthes and Demea about the existence of God); in our case this means that explanations by 
mathematics are possible; this does not need God  (but also not exclude the existence of God), (HoJ) p. 10. 
όIƻWύ ǇΦ млΥ άI found this idea of a hidden  cosmic algebra ς an algera of being ς irresistable. The very phrase seemed to expand the range of 
ǇƻǎǎƛōƭŜ ŜȄǇƭŀƴŀǘƛƻƴǎ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜȄƛǎǘŜƴŎŜΦ tŜǊƘŀǇǎ ǘƘŜ ŎƘƻƛǎŜ ǿŀǎ ƴƻǘ DƻŘ ǾŜǊǎǳǎ .ǊǳǘŜ CŀŎǘ ŀŦǘŜǊ ŀƭƭΦ tŜǊƘaps there was a nontheistic 
ŜȄǇƭŀƴŀǘƛƻƴ ŦƻǊ ǘƘŜ ǿƻǊƭŘΩǎ ŜȄƛǎǘŜƴŎŜ ς one discoverable by human reason.ά 
ό9Ŏ¦нύ {Φ соΥ άEine Struktur ist ein Modell, das nach Vereinfachungsoperationen konstruiert ist, die es ermöglichen, verschiedene 
Phänomene von einem einzigen Gesichtspunkt aus zu vereinheitlichenάΦ 
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d. The baseline Hilbert scales ╗♪ and ╗Ⱳ 

 
Any physical model refers and is restricted to direct or indirect observable phenomena in nature. The 
prerequisite of the proposed physical modelling framework is about a given orthogonal set of eigen-pairs 
‗ȟ•  of a linear self-adjoint & positive definite operator ὃ, where ὃ  is compact. The physical model 

problem for such an operator ὃ is the Friedrichs extension of the Laplacian operator ὃḧ Ўᴁ ᴁ  with domain 
Ὀὃ Ὄ . In this model case, the bilinear form ὥόȟὺḧ ὃόȟὺ defines an inner (kinetic energy) product in 
Ὀὃ Ὄ  and the operator equation Ўό Ὢ is equivalent to the weak (variational) representation in the 
form, (BrK10) 
 

όȟὺ Ὢȟὺ, ᶅ ὺᶰὌ . 
 
This modelling prerequisite is the standard model problem for all related (linear or non-linear) integral or 
differential operator problems in potential theory, (BrK10). It enables the definition of Hilbert scales 
ὌȿᶰὙ, which are spanned by the finite norms 

 
ᴁὼᴁ В ‗ὼ Њ , ὼ ḧ ὼȟ•  

 
accompanied by the inner product ὼȟώ В ‗ ὼ ώ. In case of  π this Hilbert space corresponds to 
the standard statistical Hilbert space Ὄ ὒ. For  π the Fourier coefficients ὼ contribute to the  -norm 
with a polynomial decay. The extended Hilbert space Ὄ  is defined by the inner product resp. norm 

 

ὼȟώ В Ὡ  ὼ ώ,   ᴁὼᴁ ὼȟὼ . 

 

The †-norm is weaker than any -norm, i.e., ᴁὼᴁ ὧᴁὼᴁ for any -norm with ὧ ὧȟ†  depending 

only on   and †. Putting 
 

ᴁὼᴁȢ ḧВ ‗Ὡ ὼ  

 
one gets 
 

i) ᷿ᴁὼᴁ Ὠ† В ‗
Ⱦ
ὼ ᴁὼᴁ Ⱦ ᴁὼᴁ ὩȾᴁὼᴁ  for  π 

 

ii) ᷿ᴁὼᴁȢ Ὠ† В ‗
Ⱦ
ὼ ᴁὼᴁ Ⱦ  

 

i) ὼȟὼ ᴁὼᴁ В ‗Ὡ ὼ ᴁὼᴁȢ Ȣ  

 

ii) ᷿ᴁὼᴁ Ὠ† В ‗
Ⱦ
ὼ ᴁὼᴁȾ  . 

 
The conceptually new element of the proposed physical modelling framework is an additional 
αŘȅƴŀƳƛŎ ŜƴŜǊƎȅά ǘȅǇŜ ǘƻ ŎƻƳǇƭŜƳŜƴǘ ǘƘŜ ŎǳǊǊŜƴǘ ǇǳǊŜƭȅ ƳŜŎƘŀƴƛŎŀƭ όƪƛƴŜǘƛŎŀƭ ŀƴŘ ǇƻǘŜƴǘƛŀƭύ ŜƴŜǊƎȅ 
type. The related physical modelling framework of interconnected energetical quanta systems 
supports two areas of physical phenomena:  
 

(1) vacuum, plasma and electromagnetic phenomena accompanied by two-component (variational) 
interacting particle models in the form ȟ“ Ὡȟὴ, Ὡȟά  

 

(2) atomic, neutral gas, conductor, and fluid phenomena accompanied by one-component 
(variational or classical) mechanical particle models built on three mechanical particle types, the 
positronium ὔ ςά,the neutronium ὔ Ὡά, and the electronium ὔ ςὩ. 

 
The 1-component nuclide case (2), is governed by the sum of two hermitian operators, an 1-component 
ƳŜŎƘŀƴƛŎŀƭ αƳŀǘǘŜǊά ŜƴŜǊƎȅ ƻǇŜǊŀǘƻǊ ŀƴŘ ŀ 1-component dynamical energy operator.  
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The 2-component (ȟ“ȟὩȟὴȟὩȟά  quanta pair based) vacuum, plasma, and electromagnetic cases (1), are 

governed by the sum of two hermitian dynamical operators. The invariances of those two physical-dynamical 
systems are governed by the complex Lorentz group. 
 
The dynamics of the proposed physical modelling framework is governed by three interconnected dynamical 
field types (vacuum, plasma, electromagnetism) accompanied by their related dynamical quanta pair types. 
Those quanta pairs are built on appropriate compositions of two mathematical baseline quanta, the electrino  
and the positrino “. The corresponding construction ‖-quanta scheme are provided in the mathematical model 
section below. The building principle is based on appropriately defined sets of quanta numbers derived from 
the two fundamentally different sets of quantum number for electrinos and positrons. Those two sets of 
ǉǳŀƴǘǳƳ ƴǳƳōŜǊǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŘƛŦŦŜǊŜƴǘ ό{ƘƴƛǊŜƭΨƳŀƴ ŘŜƴǎƛǘȅύ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ǎŜǘǎ ƻŦ 
positive odd resp. even integers. The composition ’ “ of an electrino and a positrino we call a neutrino, 
(NaM). 
 

Remark: ¢ƘŜ ǘǿƻ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ƳŜŎƘŀƴƛŎŀƭ ŀƴŘ ŘȅƴŀƳƛŎŀƭ ŜƴŜǊƎȅ ϦǊŜŀƭƛǘƛŜǎά Ŧƛǘ ǘƻ aΦ tƭŀƴŎƪΨǎ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ 
physical-statistical type of laws and mathematical-dynamical type of laws, (PlM). This conceptional design approach is 
also ƛƴ ƭƛƴŜ ǿƛǘƘ 9Φ {ŎƘǊǀŘƛƴƎŜǊΩǎ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ αƻǊŘŜǊ ŦǊƻƳ ŘƛǎƻǊŘŜǊά ŀƴŘ αƻǊŘŜǊ ŦǊƻƳ ƻǊŘŜǊά ƳŜŎƘŀƴƛǎƳǎ 
governing regular courses of events in physics and biology, (ScE). The underlying fundamental mathematical quanta 
interpreted as (binary) information carriers (suggesting to comprehend them as substances in the sense of Aristotle) 
are in line with C.F. von ²ŜƛȊǎŅŎƪŜǊΩǎ ŎƻƴŎŜǇǘƛƻƴ ƻŦ αƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŜǾƻƭǳǘƛƻƴάΣ ό²Ŝ/ύΦ The whole structure also 
ǎǳǇǇƻǊǘǎ ¢ƘΦ bŀƎŜƭΩǎ ǘƘƻǳƎƘǘǎ ŀōƻǳǘ αƳƛƴŘ ϧ ŎƻǎƳƻǎΣ ǿƘȅ ǘƘŜ ƳŀǘŜǊƛŀƭƛǎǘ ƴŜƻ-Darwinian conception of nature is 
ŀƭƳƻǎǘ ŎŜǊǘŀƛƴƭȅ ŦŀƭǎŜάΣ όbŀ¢ύΦ 

 
In the proposed mathematical ‖-Krein space based dynamic quanta energy field models the related (self-
adjoint) potential operator is an intrinsic part of the given framework and not a physical phenomenon specific 
to be defined αǇƻǘŜƴǘƛŀƭ functionά, like the Coulomb/Newton or the Schrödinger potential functions. 
 
The kinetical energy field system is defined by the αenergy knotsά of the a priori given physical phenomenon 
specific kinetic energy operator (as described by its orthogonal set of eigen-pairs ‗ȟ• ). Those energy knots 
may be interpreted as the mass of the corresponding mechanical quantum element.  
 
We distinguish between three different types of energetical quantum elements associated with different types 
ƻŦ ǊŜƭŀǘŜŘ όŜƴŜǊƎȅύ IƛƭōŜǊǘ ǎǇŀŎŜǎΥ αƳŀǘƘŜƳŀǘƛŎŀƭ ǉǳŀƴǘŀάΣ όǇƘȅǎƛŎŀƭ-) dynamical quanta, and (physical-) 
mechanical quanta.  
 
Note: In (BrK6) an alternative Schrödinger operator is proposed; it is the Calderón-Zygmund integrodifferential 
operator ὭὙḊ Ὄ  O  Ὄ  with symbol ȿ’ȿ, where Ὑ denotes the Riesz transform operator, which commutes 
with translations, dilations, rotations, and anticommutes with reflections, (EsG)  p. 44. The related Calderón 
(mathematical microscope) wavelets provides the corresponding counterparts of the Fourier waves. Physically 
speaking, the energetical quanta of the sub-space Ὄ  of ὌȾ  become an alternative (energy space) quanta 

model replacing physical case specific potential functions, which only govern potential differences of two 
physical particles in space over a certain distance.  
 
Note: In (BrK9) the extended energy Hilbert space ὌȾ  is applied to solve the 3D-NSE millennium problem of 

the Clay Mathematics Institute. It turned out that based on a variational representation of the 3D NSE in a  
Ὄ Ⱦ  Hilbert space framework (interpreted as a fluid element test space) the 3D NSE enjoy global solutions. Its 

a consequence of the well-known Sobolevskii-estimates for the 3D case. Those estimates fail in case of a Ὄ
ὒ (statistical) test space. The standard analysis technique results into the a priori estimate 
 

ᴁόὸᴁ Ⱦ ᴁόπᴁ Ⱦ ᷿ᴁόᴁ ίὨί ὧᴁόᴁ Ⱦ ᴁόᴁ ὧᴁόᴁ, 

 
which ensures global boundedness of the 3D-NSE-solution in case of ό ᶰὌ . The pressure ὴ of the solution 

pair όȟὴ of the NSE are related by the Riesz transform operator by the formula  ὴ В ὙὙ όόȟ , 

where όṧό όό  is a σὼσ matrix. It enables a representation of the sum of the non-linear NSE term and 

the negativ pressure in the form ὖɳ Ͻόṧό, where ὖ denotes the Helmholtz-Weyl projection operator and 
Ͻ represents the column vector with each component being the divergence of the row vectors of the 
matrix όṧό, (CuS).  
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Note: The decomposition of the quantum element space Ὄ Ⱦ Ὄ ṧὌ  resp. its related quantum element 

energy space decomposition ὌȾ Ὄ ṧὌ Ὄ Ⱦ
ᶻ  is very much related to the Calderón wavelet tool. In 

contrast to the one-parameter depending Fourier wave the Calderón wavelet depends from two parameters. It 
may be interpreted as a mathematical microscope analysing Fourier wave behavior beyong their statistical ὒ 
domain: 
 

όIƻaύ мΦнΥ α¢ƘŜ ƛŘŜŀ ƻŦ ǿŀǾŜƭŜǘ ŀƴŀƭȅǎƛǎ ƛǎ ǘƻ ƭƻƻƪ ŀǘ ǘƘŜ ŘŜǘŀƛƭǎ ŀǊŜ ŀŘŘŜŘ ƛŦ ƻƴŜ ƎƻŜǎ ŦǊƻƳ ǎŎŀƭŜ ὥ to scale ὥ Ὠὥ 
with Ὠὥ π ōǳǘ ƛƴŦƛƴƛǘŜǎƛƳŀƭ ǎƳŀƭƭΦ Χ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǿŀǾŜƭŜǘ ǘǊŀƴǎŦƻǊƳ ŀƭƭƻǿǎ ǳǎ ǘƻ ǳƴŦƻƭŘ ŀ ŦǳƴŎǘƛƻƴ ƻǾŜǊ ǘƘŜ ƻƴŜ-
dimensional space Ὑ into a function over the two-dimensional half-plane Ὄ of positions and details (where is which 
ŘŜǘŀƛƭǎ ƎŜƴŜǊŀǘŜŘΚύΦ Χ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǇŀǊŀƳŜǘŜǊ ǎǇŀŎŜ Ὄ of the wavelet analysis may also be called the position-scale 
half-plane since if Ὣ localized around zero with width Ў then Ὣȟ is localized around the position ὦ with width ὥЎ. 

The wavelet transform itself may now be interpreted as a mathematical microscope where we identify  
 

ὦ   P   position;   ὥЎ   P   enlargement; Ὣ   P  ƻǇǘƛŎǎΦ ά. 

 
Note: By design a Ὄ  Hilbert space provides the appropriate domain framework for strong elliptic resp. strong 

parabolic partial differential operators with respect to the norms ᴁόᴁ resp. ᷿ ᴁόᴁ ὸὨὸ. In general this is not 

valid for hyperbolic partial differential equations (a counter example is provided in (BrK1) or below). However, 
the extended Hilbert space Ὄ  enables the appropriate domain framework defining strong hyperbolic 

differential operators, (BrK1). This puts the spot on the Courant conjecture, which is about undistorted 
spherical waves existing only in case of two or four variables, (CoR) p. 763. 
 
The proposed unified field theory is operating on the following  common mathematical concepts: 
 

- number theory based mechanical & dynamic quanta number scheme 
- two two-component (a priori time-independent plasma and electromagnetic) Maxwell-Mie equation systems, 

where the Coulomb and Lorentz potential forces are replaced by (self-adjoint) potential energy operators, and 
where the sum of the line and (only first order approximation) displacement current is replaced by a single two 
component (electroton-magneton) convection current 

- energy method and related quadratic & complementary extremal problem solutions enabled by a compactly 
embedded mechanical (variational) Hilbert space Ὄ  all into dynamic (Ὄ -type) Hilbert spaces 

- strong elliptic (Laplace-ύ ǊŜǎǇΦ ƘȅǇŜǊōƻƭƛŎ ό5Ω!ƭŜƳōŜǊǘ-) type operators with Ὄ -type resp.  Ὄ -type domains, 

where the restriction to the mechanical Ὄ -type Hilbert space framework is supported by the concept of 
(maximal-) dissipative operators. 

 
Note: ¢ƘŜ ƴŜǿ αŘȅƴŀƳƛŎ ŜƴŜǊƎȅά ŎƻƴŎŜǇǘ ǎǳǇǇƻǊǘǎ ǊŜƭŀǘŜŘ αǎǇƛǊŀƭ ƳƻǾŜƳŜƴǘ ƳƻŘŜƭǎάΣ ŜΦƎΦΣ 
 
 

- 9ƘǊŜƴƘŀŦǘΩǎ αǎŎǊŜǿ ƳƻǾŜƳŜƴǘǎάκαǇƘƻǘƻǇƘƻǊŜǎƛǎά ǇƘŜƴƻƳŜƴƻƴΣ ό!ƭhύ ǇΦ ннн 
- {ŎƘŀǳōŜǊƎŜǊ ŀƴŘ 5ŜŜΩǎ ƛƳǇƭƻǎƛƻƴ ǇǊƛƴŎƛǇƭŜΣ ό[ŀ{ύ {Φ ннсΣ ό5ŜYύ ǇΦ фу 
- spiral movements of stars in a galaxy governed by spiral downsity waves, (ShF) p. 402. 

 
Note: The ŜǎǎŜƴǘƛŀƭ ƳŀǘƘŜƳŀǘƛŎŀƭ ŀǎǎǳƳǇǘƛƻƴ ƻŦ ǘƘŜ ŀōƻǾŜ IƛƭōŜǊǘ ǎŎŀƭŜ ŘŜǎƛƎƴ ƛǎ ŀ αƳŜŎƘŀƴƛŎŀƭά linear self-
adjoint & positive definite operator ὃ, where ὃ  is compact. The essential new element in the proposed 
unified quantum field theory are complementary Hilbert-Krein scales defined by appropriately  choosen 
quantum element type (quanta) numbers. From the analysis in (DeH) it is concluded that the space-time 
continuum is only the stage (res extensa), on which the real actions of the world, the quantum dynamics, takes 
place; this limits the scope of validity of the GRT to the macroscopic behaviour of bodies, i.e. the question 
arises how the GRT equations become (purely mechanical energy based) approximation solutions in an overall 
Ὄ ṧὌ  Hilbert-Krein space framework. Fredholm integral equation operators equipped with appropriate 
domains become are compact operators where the following theorem is valid: 
 

A general tensorial integral equation of m-th order in a n-dimensional Riemann space is equivalent to a single scalar Fredholm integral 
equation in a (n+m)-dimensional Euclidian space, (LaK). 

 
Note: The Ὓ and Ὓ are the only spheres with a "continuous" group structure. The ὛȟὛȟὛȟὛ are the only 
parallelizable spheres, (EbH).  
 
Note: In 1905 H. Poincaré introduced an auxiliary force acting in form of a pressure on the surface of an 
electron, so to speak a kind of elastic skin model of an electron. 
 
 
   

όWǸCύ ǊŜǎǇΦ IΦ tƻƛƴŎŀǊŞΣ {ǳǊ ƭŀ ŘȅƴŀƳƛǉǳŜ ŘŜ ƭΩŜƭŜŎǘǊƻƴΣ wŜƴŘƛŎƻƴǘƛ ŘŜƭ /ƛǊŜΦ aŀǘΦ 5ƛ tŀƭŜǊƳƻ нмΣ мфлсΣ ǇΦ мнф-176. 
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3. The physical modelling framework 
 

C. F. von Weizsäcker 
 

 αDas Seiende der Physik ist, so scheint es, die MaterieάΣ ό²Ŝ/оύ {Φ опп 
 

a. Three dynamical-dynamical quanta field pair systems 
 
The definition of the quantum numbers ‖ of the mathematical vacuum quanta pair ȟ“ are based on the 
ŘƛŦŦŜǊŜƴǘ ƳŀǘƘŜƳŀǘƛŎŀƭ {ƴƛǊŜƭΩƳŀƴ ŘŜƴǎƛǘƛŜǎ ƻŦ ƻŘŘ ŀƴŘ ŜǾŜƴ ƛƴǘŜƎŜǊǎΦ ¢ƘŜ ǇƭŀǎƳŀ ŀƴŘ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǉǳŀƴǘŀ 
pairs are appropriately composed by those two fundamental types of quantum elements (next section). 
 

Dynamic quanta pair field types Dynamical quanta pair Dynamical anti-quanta pair 

vacuum  
energy field 

(electrino,positrino) 
ȟ“ 

(positrino, electrino) 
“ȟ 

plasma  
energy field 

(electron,positron) 
Ὡ ȟὴ ““ 

(positron ,electron) 
ὴ ““ȟὩ  

electromagnetism  
energy field 

(electroton, magneton) 
Ὡ “ȟά ““ 

(magneton ,electroton) 
ά ““ȟὩ “ 

 
Note: The dynamical field pairs are modelled by related Hilbert (energy) spaces; to concept of alternating pairs (an ordered 
alternating pair of subspaces of a Krein space) can be applied to build maximal dissipative operators (having no dissipative 
proper extensions), (BoJ) p. 114 

 
b. Three (atomic) mechanical-dynamical quanta field pair systems 

 
The two components of the electromagnetism field, the electroton Ὡ “ and the magneton ά ““, 

ǇǊƻǾƛŘŜ ǘƘŜ ōŀǎŜƭƛƴŜ ǉǳŀƴǘŀ ŦƻǊ ŀƴ αŀƎƎǊŜƎŀǘŜŘά ƻƴŜ-component electromagnetical atomic mechanical and 
dynamical system. The three possible combinations of the electroton Ὡ and the magneton ά result into three 

types of atomic mechanical systems, the positronium ὔ  (*), the electronium ὔ , and the neutronium ὔ . 
Their related dynamical anti-quanta types according to the ‖-quanta scheme may be physically interpreted as 
magnetic conductor, electric conductor, or isolator property of the considered mechanical system. 
 

The atomic mechanical system types 
 

Mechanical  
quantum 

types 

Dynamical  
anti-quantum 

types 

 Electro- 
magnetical 
property 

Atomic  
nucleus  
types 

Possible 
mechanical  

quanta decays (***)  

positronium (*) 
ὔ : ςά 

electron 
Ὡ  

 
ὔ Ὡ ςὲ 

positive atomic  
magnetic conductor 

          ὔ  O   ὴ  ὲ(** ) 
-ray 

electronium 
ὔ : ςὩ 

positron 
ὴ ““ 

 
ὔ ὴ ςὲ 

negative atomic  
electric conductor 

          ὔ  O   Ὡ  ὲ 
-ray 

neutronium 
ὔ : Ὡά 

neutrino 
’ “ 

 
ὔ ’ ςὲ 

neutral atomic  
isolator 

          ὔ  O   ’  ὲ 
-ray 

(*)  notion is proposed in (UnA2) p. 96;  (** ) ὲ ’’  is called αneutron/photonάΤ (*** )  ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ƴƻǘƛƻƴǎ ƭƛƪŜ αǘƛƳŜ ŀǊǊƻǿά,αŜƴǘǊƻǇȅά 
 

The three types of combinations 
 
The three electromagnetical types of atomic mechanical systems, the positronium ὔ , the electronium 
ὔ , and the neutronium ὔ  allow three types of combinations accompanied by corresponding three 
different types of affected plasma and vacuum quanta. 

 
Atomic 

dynamical 
quanta 

Atomic 
dynamical 

anti-quanta 

Electromagnetic 
dynamical quanta 

component 

 Plasma  
dynamical quanta 

component 

 Vacuum 
dynamical quanta 

component 

ὔ ὔ ḙςὲ ὴ ’ḙσὲ Ὡ ’ ςὲ + ὴ + ’ 

ὔ ὔ ḙςὲ Ὡ ’ḙσὲ ὴ ’ ςὲ + Ὡ + ’ 

  ὔ ὔ ḙςὲ ’ ’ḙσὲ           Ὡ ὴḙὲ ςὲ + ’ + ’ 

 
Note: The three types of atomic dynamical quanta are in line with the periodic table of chemistry with its underlying three shell 
atomic model. There are three mechanical atom types (-conductors, π-isolators). 
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4. The mathematical modelling framework 
 

a. Compact and symmetric operators, Hilbert scales 
(NiJ), (NIJ1) 

 
The Eigenvalue problem for compact symmetric operators 

 
In the following Ὄ denotes an (infinite dimensional) real Hilbert space with scalar product ȢȟȢ and the norm 
ᴁȢȢȢᴁ. We will consider mappings ὑȡὌᴼὌ. Unless otherwise noticed the standard assumptions on ὑare: 
 
i) ὑ is symmetric, i.e., for all ὼȟώᶰὌ it holds ὼȟὑώ ὼȟὑώ 

 
ii) ὑ is compact, i.e., any (infinite) sequence ὼ  bounded in Ὄ contains a subsequence ὼ  such that 

ὑὼ  is convergent 
 

iii)  ὑ is injective, i.e., ὑὼ π implies ὼ π . 
 
 
A first consequence is 
 
Lemma:  ὑ is bounded, i.e. 

ᴁὑᴁȡ ίόὴ
ᴁ ᴁ

ᴁᴁ
Њ. 

 
Lemma: Let ὑ be bounded, and fulfill condition i) above, but not necessarily the two other conditions ii) and iii). 
Then ᴁὑᴁ equals 
 

ὔὑ ίόὴ
ȿ ȟ ȿ

ᴁᴁ
. 

 
Theorem: There exists a countable sequence ‗ȟ‰  of eigen-elements and eigenvalues ὑ‰ ‗‰ with the 
properties 
 

i) the eigen-elements are pair-wise orthogonal, i.e.  ‰ȟ‰  ȟ

 
ii) the eigenvalues tend to zero 

 
iii) for the generalized Fourier sums it holds 

 
                            Ὓȡ В ὼȟ‰ ‰ᴼὼ    with ὲᴼЊ for all ὼɴ Ὄ 
 

iv) the Parseval equation 
 

ᴁὼᴁ В ὼȟ‰   
holds for all ὼɴ Ὄ. 
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Hilbert Scales 
 
Let Ὄ be a (infinite dimensional) Hilbert space with scalar product ȢȟȢ, the norm ᴁȢȢᴁ and let ὃ be a linear 
operator with the properties 
 

ὃ is self-adjoint, positive definite 
 

ὃ  is compact. 
 
 Without loss of generality, possible by multiplying ὃ with a constant, one may assume 
 

ὼȟὃὼ ᴁὼᴁ       for all ὼɴ Ὀὃ. 
 
Any eigen-element of the compact operator ὑ ὃ  is also an eigen-element of ὃ to the eigenvalues being 

the inverse of the first. Now by replacing ‗ᴼ‗  we have that there is a countable sequence ‗ȟ‰  with 
 

ὃ‰ ‗‰  ,   ‰ȟ‰ ȟ  and  ὰὭά
ᴼ
‗ 

 
and any ὼɴ Ὄ is represented by  

 
ὼ В ὼȟ‰ ‰  and    ᴁὼᴁ В ὼȟ‰ . 

 
Lemma 1:  Le ὼɴ Ὀὃ, then  
 

ὃὼ В ‗ὼȟ‰ ‰  ,    ᴁὃὼᴁ В ‗ ὼȟ‰ ,  ὃὼȟὃώ В ‗ ὼȟ‰ ώȟ‰ . 
 
Similarly one can define the spaces Ὄ  with scalar product  
 

ὼȟώ В ‗ ὼȟ‰ ώȟ‰ В ‗ὼώ   and norm  ᴁὼᴁ ὼȟὼ .  
 
The relation to ὼɴ Ὀὃ is given by 
 

ᴁὼᴁ ὃὼȟὃὼ , Ὄ Ὀὃ. 
 
The set Ὄȿ π is called a Hilbert scale. The condition  π is in the context of this section necessary for 
the following reasons: 
 
Since the eigen-values ‗ tend to infinity we would have for  π: ὰὭά‗ ᴼπ. Then there exist sequences ὼ
ὼȟὼȟȢȢȢ with 

 
ᴁὼᴁ Њ , ᴁὼᴁ Њ . 

 
.ŜŎŀǳǎŜ ƻŦ .ŜǎǎŜƭΩǎ ƛƴŜǉǳŀƭƛǘȅ ǘƘŜǊŜ ŜȄƛǎǘǎ ƴƻ ὼɴ Ὄ  with Ὅὼὼ. This difficulty could be overcome by duality 
arguments which we omit here. 
 
There are certain relations between the spaces Ὄȿ π for different indices: 
 
 
Lemma 2: Let  . Then 
 

ᴁὼᴁ ᴁὼᴁ 

 
and the embedding Ὄ ᴼὌ  is compact. 

 
 
Lemma 3: Let   . Then 
 

ᴁὼᴁ ᴁὼᴁᴁὼᴁ for ὼɴ Ὄ  
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with 
 

‘  and  ’ . 

 
 
Lemma 4: Let ɻ ɼ ɾ. To any Øɴ (  and Ô π there is a ώ ώ ὼ according to 

 
ᴁὼ ώᴁ ὸ ᴁὼᴁ  
 

ᴁὼ ώᴁ ᴁὼᴁ  ,  ᴁώᴁ ᴁὼᴁ 
 

ᴁώᴁ ὸ ᴁὼᴁ  . 

 
 
Corollary: Let   . To any ὼɴ Ὄ  and ὸ π there is a ώ ώ ὼ according to 

 

i) ᴁὼ ώᴁ ὸ ᴁὼᴁ    for   ”  
 

ii) ᴁώᴁ ὸ ᴁὼᴁ       for   „   . 

 
 
Remark: Our construction of the Hilbert scale is based on the operator ὃ with the two properties i) and ii). The 
domain Ὀὃ of ὃ equipped with the norm  
 

ᴁὃὼᴁ В ‗ ὼȟ‰   
 
turned out to be the space Ὄ , which is densely and compactly embedded into Ὄ Ὄ . It can be shown that on 
the contrary to any such pair of Hilbert spaces there is an operator ὃ with the properties i) and ii) such that 
Ὀὃ Ὄ  Ὑὃ Ὄ  and  ᴁὼᴁ ᴁὃὼᴁ. 
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Extension and generalizations 
 
For ὸ π one may introduce the Hilbert space Ὄ  by an additional inner product resp. norm in the form 

 

ὼȟώ В Ὡ ὼȟ‰ ώȟ‰   

 
ᴁὼᴁ ὼȟὼ  .  

 

Now the factor has exponential decay Ὡ  instead of a polynomial decay in case of ‗.  
 
Obviously it holds 

ᴁὼᴁ ὧȟὸᴁὼᴁ for ὼɴ Ὄ  

 
with ὧȟὸ depending only from  and ὸ π. Thus the ὸ-norm is weaker than any -norm. On the other 
hand any negative norm index, i.e. ᴁὼᴁ with  π, is bounded by the  π-norm and the newly introduced ὸ-
norm.  
 
It holds: 
 
Lemma: Let  π be fixed. The -norm of any ὼɴ Ὄ  is bounded by 
 

ᴁὼᴁ  ᴁὼᴁ ὩȾᴁὼᴁ  

with  π being arbitrary. 
 
Proof: The inequality is a consequence of the following inequality 
 

‗  Ὡ Ѝ , for any ὸȟȟ π and ‗ ρ. 
 
This holds for the following reasons: 
 

i) if ‗ Ⱦ ‗ then obviously    
 

ii) in case of ‗ Ⱦ it holds Ὡ  Ѝ ρ,  
 

iii) whereas ‗ ρ  is a consequence of   π and ‗ ρ. 
 
 
The counterpart of the lemma 4 above is 
 
Lemma: Let ὸȟ π be fixed. To any ὼɴ Ὄ  there is a ώ ώ ὼ according to 
 

ᴁὼ ώᴁ ᴁὼᴁ 
 

ᴁώᴁ  ᴁὼᴁ 
 

ᴁὼ ώᴁ Ὡ Ⱦᴁὼᴁ. 
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b. Isometric elliptic, parabolic and hyperbolic operators 
 

The proposed mathematical modelling framework is based on appropriately define Hilbert (energy) scales. The 
baseline model is provided by the potential theory based symmetric mechanical (Laplace) potential energy 
operator. In classical theoretical physics models this is about a symmetric operator accompanied by the Hilbert 
scale domain Ὄ . The Friedrichs extension of the Laplace operator with the Ὄ  domain provides a self-adjoint 
potential energy operator defining the inner product of the related potential energy Hilbert space Ὄ . By 
construction the Laplacian operator is isometric with respect to the correspondingly defined Hilbert scales, i.e., 
ᴁЎόᴁ ḙᴁόᴁ . A similar property holds for the related parabolic (heat) equation operator Ὄόḧό

Ўό with respect to the norm ȿᴁόᴁȿḧ᷿ᴁόᴁ ὸὨὸ, i.e., 
 

(*)       ȿᴁὌόᴁȿḙȿᴁόᴁȿ . 
 

In general the above ŜƭƭƛǇǘƛŎ ŀƴŘ ǇŀǊŀōƻƭƛŎ ƛǎƻƳŜǘǊƛŜǎ ƛƴ όαpolynomial decayάύ IƛƭōŜǊǘ ǎŎŀƭŜǎ ŀǊŜ ƴƻǘ ǾŀƭƛŘ ŦƻǊ ǘƘŜ 
ŘΩ!ƭŜƳōŜǊǘ όǿŀǾŜύ ƻǇŜǊŀǘƻǊ ὃόḧό Ўό (*)Φ IƻǿŜǾŜǊΣ ƛƴ ŎŀǎŜ ƻŦ όαexponential decayάύ IƛƭōŜǊǘ ǎŎŀƭŜǎ ǿƛǘƘ 

norm ȿᴁόᴁȿḧ᷿ᴁόᴁȢὨ†, and related inner product in the form 

 

όȟὺ Ȣ ȡ В‗Ὡ όȟ‰ ὺȟ‰  , † π 

 
it holds  
 

(**)        ȿᴁὃόᴁȿḙȿᴁόᴁȿ  . 
 
 
Proof: Let ύȡ ύȟ‰  resp. Ὢȡ Ὢȟ‰  being the generalized Fourier coefficient related to the eigen-pairs  
Ўὺ ‗ὺ. Then for ὃύ Ὢ, it follows  ύ ὸ ‗ύ ὸ Ὢὸ with the solution 

 

ύ ὸ ᷿ÓÉÎ ‗ὸ †Ὢ†Ὠ† .  

 
Then for † ὸ one gets 

 

᷿ᴁύᴁ ȟ Ὠὸ В‗ ᷿Ὡ ύ ὸὨὸВ‗ ᷿Ὡ ᷿ÓÉÎ ‗ὸ †Ὢ†Ὠ†Ὠὸ    

 

В‗ ᷿Ὡ ᷿ÓÉÎ ‗ὸ †Ὠ†᷿ÓÉÎ ‗ὸ †Ὠ†Ὢ †Ὠ†Ὠὸ   

 

В‗
Ⱦ
᷿Ὡ ᷿Ὢ †Ὠ†Ὠὸ . 

 
Exchanging the order of integration gives 
 

᷿᷿Ὡ Ὢ †Ὠ†Ὠὸ᷿ ᷿Ὡ Ὢ †ὨὸὨ†᷿ Ὢ †Ὠὸ᷿ Ὡ Ὠ†  

 

                            ᷿Ὢ †Ὠὸ  

 

from which it follows ᷿ ᴁύᴁ ȟ Ὠὸ ὧ᷿ ᴁὪᴁȟ Ὠὸ . 

 
 
Note: The (exponential decay type) Hilbert scales ὌȢ  provide the baseline framework to define Krein space 

based potential energy Hilbert scales accompanied by related self-adjoint potential energy operators. 
 
 
(*) the counter example is given by the function  ὼȟὸḧὩ , όὼȟὸḧὸ ὼȟὸ, Ὢὼȟὸḧς ὼȟὸ τὸ  ὼȟὸ fulfilling the relationships 

 ὼȟὸ   ὼȟὸ,  ὼȟὸ   ὼȟὸ, όὼȟὸ ό ὼȟὸ Ὢὼȟὸ and  ᴁόᴁ ᴁͯ  ᴁ      but    ᴁὪᴁ ᴁͯ ᴁ . 
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c. The Neumann problem and the Prandtl operator 
 
For a closed connected surface ὛṒὙ  one can seek the solution of the Neumann boundary value problem  
 

                                                                  ῳό π  in Ὑ Ὓ 

         Ὢ  on Ὓ 

 
as the double layer potential, (see (LiI) ŎƘŀǇǘŜǊ пΣ άNeumann Problem and Integral Equations with Double Layer 
Potentialέ), 

όὼȡ ḃ ὺώ
ȿ ȿ

ὨὛ  

 
whereby the unknown function ὺώ is obtained by the equation 

 

ὖὺ ὼȡ ḃ ὺώ
ȿ ȿ

ὨὛ Ὢὼ. 

 
Here ‰  is the angle between the vector ȿὼ ώȿ and the normal ὲ  to the surface Ὓ at the point ώ, and ὺώ is 

the density of the double layer potential. The operator ὖ is called the Prandtl operator. It has the following 
properties (LiI) pp. 105, 108, 109, 111, 115: 
 
Theorem: 
 

i) There is a representation ὖ ὃ ὑ with 
 

ὃὺὼȡ ḃ
ȿ ȿ

ὨὛ    and    ὑὺὼȡ ḃ ὯὼȟώὺώὨὛ  

 

whereby  ὯὼȟώὨὛ
ȿ ȿ

  

 

ii) The Prandtl operator ὖḊ Ὄ ᴼὌ  is bounded for π ὶ ρ, and for π ὶ ρ it is 

Noetherian, i.e. it has a right regularizer Ὑ with Ὑὖ Ὑὒ Ὑὔ; the operator Ὑὔ is compact in Ὄ  , 

the operator Ὑ is bounded from Ὄ  to Ὄ , the operator ὔ is bounded from Ὄ  to Ὄ , and the 

operators ὔὙ and ὒὙ are a compact operators in Ὄ  (*)   
 

iii) For ὺᶰὌ , ὶ ρȾς, the function   
 

όὼȡ ḃ ὺώ
ȿ ȿ

ὨὛ  

is an element of Ὄ Ὑ Ὓ 
 

iv) For ρȾς ὶ ρ the exterior Neumann problem admits one and only on generalized solution. 
 

Corollary: For a closed connected surface ὛṒὙ  (**), the Prandtl operator ὖḊ ὌȾ ᴼὌ Ⱦ  is bounded, the 

function  όὼȡ ḃ ὺώ
ȿ ȿ

ὨὛ is an element of Ὄ Ὑ Ὓ and the exterior Neumann problem 

admits one and only on generalized solution. (**) 
 
Note: A variational representation of an operator in the form ὄ ὃ ὑ, where ὃ is a Ὄ  - coercive operator 
with a compact disturbance ὑ fullfills a coerciveness (Garding type type inequality) condition in the form, 
(AzA), (see also (KaY), (BrK10)), 
 

ὄόȟὺ ὧϽᴁόᴁᴁὺᴁ ὑόȟὺ or ὄόȟὺ ὧϽᴁόᴁ ὧϽᴁόᴁ 
 

with Ὄ ṒὌ  compactly embedded. 

 
 
(*) for the definition of Ὄ  see (LiI) pp. 95, 108 
 

(**) for a closed connected surface ὛṒὙ  it holds Ὄ Ὄ  
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d. The Riesz, the Calderón-Zygmund and the Schrödinger2.0 operators 
 
The Riesz transformations are the n-dimensional generalizations of the 1-dimensional Hilbert transformation.  
They arise when study the Neumann problem in upper half-plane. The Riesz transforms 
 

Ὑό ὭὧὴȢὺȢ᷿
ȿ ȿ

όώὨώ ,   ὧȡ Ⱦ  

 
commutes with translations and homothesis, having nice properties relative to rotation, (PeB), (StE) (*). The 
άǊƻǘŀǘƛƻƴ ǇǊƻǇŜǊǘȅέ Ǉƭŀȅǎ ŀ ƪŜȅ ǊƻƭŜ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ Ǌƻǘŀǘƛƻƴ ƎǊƻǳǇ Ὓὕὲ (* ):  
 

let άȡ άὼȡ ά ὼȟȢȢȢά ὼ  be the vector of the Mikhlin multipliers of the 
Riesz operators and ” ” ᶰὛὕὲ, then it holds ά”ὼ ”άὼ ,  
i.e.    ά ”ὼ В” ά ὼ . 

 

 

The Calderón-Zygmund operators Ώ with symbol ȿ’ȿ and its inverse operator Ώ  may be represented in 
the following forms, (EsG) 3.15, 3.17, 3.35, (LiI) p. 58 ff., (** ) 
 

  Ώόὼ В ὙὈό ὼ В ὴȢὺȢ᷿ В
ȿ ȿ

Ὠώ  

 

                 ὴȢὺȢ᷿
ȿ ȿ

Ὠώ ῳΏ όὼ  

 

Ώ ό ὼ ὴȢὺȢ᷿
ȿ ȿ

Ὠώ , ὲ ς . 

 
 
Note: For space dimension ὲ ρ this is about ɤ ὈὌ ὖὌ, where Ὄ denotes the Hilbert transformation and 

Ὀ ὖ the Schrödinger momentum operator ὖ Ὥ  , (MeY) p. 5. In (BrK6) the Calderón-Zygmund operators 

Ώ is proposed as alternative Schrödinger2.0 momentum operator. 
 
 
 
 
 
 
 
 
 
 
 
 
(* )  If Ὦ Ὦ then ὙὙ is a singular convolution operator. On the other hand, it holds  Ὑ ρȾὲὍ ὃ where ὃ is a convolution 

operator. The following identities are valid 
 

Ὑ ρ  , Ὑᶻ Ὑ   ,  ВὙ Ὅ  ,   ВὙό ᴁόᴁ ,όᶰὒ . 
 

Let  άȡ άὼȡ ά ὼȟȢȢȢά ὼ   be the vector of the Mikhlin multipliers of the Riesz operators and” ” ᶰὛὕὲ, then 
 

ά”ὼ ”άὼ , whereby ά ”ὼ В” ά ὼ 

and 

ά”ὼ ὧ᷿ ίὭὫὲὼ” ώ ὰέὫ
ȿȿ
Ὠ„ώ  

 

                                                                                     ὧ᷿ ίὭὫὲὼώ ὰέὫ
ȿȿ
Ὠ„ώ . 

 
 

(** ) They are special Calderón-Zygmund (Pseudo Differential-, convolution-) operators ὝὪ Ὓz Ὂ with a distribution Ὓ defined by symbols 
ά ᶰὅ Ὑ π  with the following properties, (MeY) 
 

i)  ά‘ ά , ‘ π 
ii) the mean of ά  on the unit sphere is zero 

iii) it holds ά
ȿȿ

.  
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e. The ⱥ-Krein space framework ╗ⱥȢⱲṧ╗ⱥȢⱲ 

 
For the notations and further mathematical details see also  (BrK1).  
 
Let ‗ȟ•  be the orthogonal set of eigen-pairs of a linear self-adjoint & positive definite operator ὃ, with ὃ  
compact. The Hilbert spaces ὌȿᶰὙ are spanned by the finite norms 
 

ᴁὼᴁ В ‗ὼ Њ , ὼ ḧ ὼȟ•  
 

accompanied by the inner product ὼȟώ В ‗ ὼ ώ. 
  

In case of  π we skip the subscript. The physical model problem for the operator ὃ is the Friedrichs 

extension of the Laplacian operator ὃḧ Ўᴁ ᴁ  with domain Ὀὃ Ὄ . Then, the bilinear form ὥόȟὺḧ
ὃόȟὺ defines an inner (kinetic energy) product in Ὀὃ Ὄ  and the operator equation Ўό Ὢ is 

equivalent to the weak (variational) representation in the form, (BrK), 
 

όȟὺ Ὢȟὺ, ᶅ ὺᶰὌ . 
 
For  π the Fourier coefficients ὼ contribute to the  -norm with a polynomial decay. The extended Hilbert 
space Ὄ  is defined by the inner product resp. norm 

 

ὼȟώ В Ὡ  ὼ ώ,   ᴁὼᴁ ὼȟὼ . 

 

The †-norm is weaker than any -norm, i.e., ᴁὼᴁ ὧᴁὼᴁ    for any -norm with ὧ ὧȟ†  depending 

only on   and †.  
 
The conceptual task in quantum theory modelling is about the construction of appropriate one-quantum 
mechanical particle systems governed by a Hamiltonian operator Ὄ expressed as the sum of a kinetic and a 
potential energy operator in the form Ὄ Ὄ Ὄ . The proposed new dynamical energy type is 

defined as a complementary energy Hilbert space to the standard mechanical Ὄ  based Hilbert scale 
framework. The crucial conceptual design elements are the Hilbert resp. the Riesz transformation operators (*), 
(BrK1): 
 

Let   ḧ•  denote the Hilbert transform of •  with •ȟ  π, Then, the system 

ȢȟȢ  with 

Ȣḧ• Ὥ Ὡ  ,    Ȣḧ• Ὥ Ὡ  
 
enables the definition of mechanicalṧdynamical orthogonal systems in the form Ὄ ṧὌȢ . 

 

Remark: The definition of the orthogonal system ȢȟȢ  enables a corresponding decomposition of the 

ǎǘŀƴŘŀǊŘ αάɳ ƻǇŜǊŀǘƻǊ (playing the key role defining the Dirichlet integral) as the sum of the Prandtl operator 

0ȡ( ᴼ( , (LiI) 4.2, and the Calderón-Zygmund integrodifferential operator, (EsG)  p. 44; in (BrK6) the latter 
one is proposed as alternative to the Schrödinger momentum operator; the first one is applied to show that the 

exterior Neuman problem admits one and only one generalized solution for  ρ. In simple words, the 

αɳά ƻǇŜǊŀǘƻǊ Ŏŀƴ ōŜ ŘŜŎƻƳǇƻǎŜŘ ƛƴǘƻ  ὖ ὭὙὈ  for domains (Ȣ  with   ρ providing an 

integration and therefore an explanation of the Schrödinger momentum operator into the proposed modelling 
framework. 
 
Remark: In the non-stationary mechanical case the elliptic Laplace operator is replaced by the hyperbolic 

5Ω!ƭŜƳōŜǊǘ ƻǇŜǊŀǘƻǊΣ ǿƘƛŎƘ ōŜŎƻƳŜǎ ǎǘǊƻƴƎƭȅ ƘȅǇŜǊōƻƭƛŎ ŦƻǊ ƴƻǊƳǎ ƛƴ ǘƘŜ ŦƻǊƳ ᴁὼᴁȢ ᷿ᴁὼᴁȢ Ὠ†, Ôɴ

πȟЊ  where ᴁὼᴁȢ ᷿ᴁὼᴁȢ Ὠ† ᴁὼᴁ Ⱦ . 

 
 
(*)  for space dimensions greater than one the counterpart of the Hilbert transform operator is the Riesz transform operator; see also 
(BrK1); for related well-defined hybrid/mixed Ritz-Galerkin approximations we refer to (NiJ2). 
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The conceptual design of the proposed integrated mathematical model is based on a Hermitian operator 
expressed as the sum of two Hermitian operators, a mechanical and a dynamical operator. The domain of the 
mechanical energy operator is given by the (weak) standard energy Hilbert space Ὄ  with the (Dirichlet integral 
based) inner product ὼȟώ В ‗ ὼ ώ and norm ᴁὼᴁ В ‗ὼ. The newly proposed dynamical energy 
norm on all of the Hilbert space Ὄ ὌȢ ṧὌȢ  is given by 

 

ᴁȿὼȿᴁ ȡ В ‗ ὼ , ‖ π 

 
with 

‗ ḧ‗᷿ ὸὥὲὬ‖†Ὡ Ὠ† (* ). 

 
The underlying dynamical energy operators on Ὄ ὌȢ ṧὌȢ  are given by the Krein space 

intrinsic self-adjoint J-operators, (*), (AzT), (BoJ): Let 
 

ὼȢ ȡ В ‖ȢὩ ὼ  ᶰὌȢ  , ὼȢ ȡ В ‖ȢὩ ὼ  ᶰὌȢ  

 
with 

‖Ȣḧ  
 , ‖ ḧ

 
  with ‖ ᶰὙ. 

  
Then, the self-adjoint J-operator can be represented in the form 
 

ὐὼḧὡȢὼȡ ὼȢ ὼȢ В ὸὥὲὬ‖†Ὡ ὼ    

 
defining a ‖- case specific dynamical energy operator on Ὄ  in the form 

 

ὡὼȡ ‗᷿ В ὸὥὲὬ‖†ὼ Ὡ Ὠ† В ‗ὲ
‖ὲὼ    

 
with 

‗ ḧ‗᷿ ὸὥὲὬ‖†Ὡ Ὠ†  ς ‗   

 
accompanied by corresponding inner products in the form (** ) 
 

ὼȟώ Ȣ В ὸὥὲὬ‖†ὼώὩ  with norm ᴁὼᴁȢ ὼȟὼ Ȣ  

and 
ὼȟώ В ‗ὲ

‖ὲὼώ with norm ᴁȿὼȿᴁ ὼȟὼ  
 

Note: The 1D Schrödinger model of the harmonic quantum oscillator accompanied by the eigenvalues in form  ‗ ͯ ὲ provides the link to 
the Balmer energy formula of the spectrum of the hydrogen atom. 
 

Note: The orthogonal decomposition ᴁὼᴁ ᴁȿὼȿᴁ  ǇǊƻǾƛŘŜǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ŎƻƴŎŜǇǘ ǘƻ 9ƛƴǎǘŜƛƴΩǎ ŜƴŜǊƎȅ splitting ƛƴǘƻ αŎƭŀǎǎƛŎŀƭ 

particle + classical waveά theory to explain quantum mechanical fluctuation phenomena like the Compton effect. 
Note: The Krein space Ὄ ὌȢ ṧὌȢ  may be interpreted as a composition of explicate energy spaces  ὌȢ  and related implicate 

energy spaces ὌȢ  ƛƴ ǘƘŜ ǎŜƴǎŜ ƻŦ .ƻƘƳΩǎ ŎƻƴŎŜǇǘƛƻƴ ƻŦ α²ƘƻƭŜƴŜǎǎ ŀƴŘ ǘƘŜ ƛƳǇƭƛŎŀǘŜ hǊŘŜǊάΣ ό.ƻ5мύ 

 
 

(*) ᷿ ÔÁÎÈὼὩ Ὠὼ   , ὙὩ‘ π;         , with  ὼ ὰέὫῲὼ, (GrI) 3.541, 8.370, 8.361 

             ρ ᾀ ÃÏÔ“ᾀ ρ  В ‒ςὲ ρ ρᾀ   , (AbM) p. 259 

           ρ ὼ В ρ „ ὼ  for ὼ ρ and „ ḧ   (NiN) S. 38 
 

(**) From                               ὼȢ ȟώȢ ȡ В ‖Ȣ Ὡ ὼώ  and  ὼ ȟώȢ ȡ В ‖Ȣ Ὡ ὼώ  
in combination with         ‖Ȣ ‖Ȣ ρ ,     ‖Ȣ ‖Ȣ ÔÁÎÈ‖† ,   ‖Ȣ ‖Ȣ

 
ÔÁÎÈ‖†    

it follows  ὼȟώ Ȣ ḧ ὼȢ ȟώȢ ὼ ȟώȢ В
 

Ὡ ὼώ В ὸὥὲὬ ‖†Ὡ ὼώ . 
 

The definition of the potential operator ὡȢ ŜƴŀōƭŜǎ ŀ ǘǊŜŀǘƳŜƴǘ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ƛǘǎ ŀŎǘƛƻƴ ŀǎ ǘƘŜ αƳƛǊǊƻǊ ǊŜŦƭŜŎǘƛƻƴά ƻŦ ǘƘŜ ǎǇŀŎŜ Ὄ  in 

the subspace ὌȢ . The sub-space ὌȢ  is an eigen-subspace of the operator ὡȢ corresponding to the eigenvalue ‗ ρ. The sub-space 

ὌȢ  is an eigen-subspace of the operator ὡȢ corresponding to the eigenvalue ‗ ρ. The whole spectrum of ὡȢ lies on the join of the 

points ‗ ρ. From the equivalent formulas ὼȟώ ὼȢ ȟώȢ ὼȢ ȟώȢ  resp. ὼȟώ Ȣ ḧ ὼȢ ȟώȢ ὼ ȟώȢ  
 

one gets ǘƘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ  αǇƻǎƛǘƛǾŜάΣ αƴŜƎŀǘƛǾŜάΣ ŀƴŘ αƴŜǳǘǊŀƭά ǾŜŎǘƻǊǎ ὼɴ Ὄ  by the relations 

ὼȢ ὼ   ,  ὼȢ ὼȢ   ,  ὼȢ ὼ  . 
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Note: The compact embeddings of the energy Hilbert spaces ( Ṓ( Ṓ(Ⱦ ṒὌ ṒὌ  enable approximation 

ƳŜǘƘƻŘǎ ƛƴ IƛƭōŜǊǘ ǎŎŀƭŜǎ ƎƻǾŜǊƴŜŘ ōȅ αŜƴŜǊƎȅ ƳƛƴƛƳƛȊŀǘƛƻƴά ƻǊ αƭŜŀǎǘ ŀŎǘƛƻƴά ǇǊƛƴŎƛǇƭŜǎ, (NiJ), (NiJ1), (NiJ2). 
 
Note: The most granular 1-component mathematical modelling layer below the standard variational potential 
ŜƴŜǊƎȅ ƭŀȅŜǊΣ αa mechanical-energetical fluid equipped with additional potential energyάΣ ƛǎ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ǎƻƭǾŜ 
the 3D NSE problem. The extended Hilbert space Ὄ  provides the appropriate framework for well-posed 

hyperbolic PDE systems. It is related to the Hilbert space ὌȾ  in the form ͼ᷿ Ὄ Ὠ† ὌȾͼ. 

 
NoteΥ ¢ƘŜ ƛƴǾŀǊƛŀƴǘ ǉǳŀƴǘƛǘƛŜǎ ƛƴ ǘƘŜ ŜƴŜǊƎȅ ŎƻƴǎŜǊǾŀǘƛƻƴ ƭŀǿǎ ŀǊŜ ŎŀƭƭŜŘ αŦǳƴŎǘƛƻƴŀƭǎάΦ The indefinite norm 

᷿ •ȢὼὨ†ȡ ᷿ ὼȟὼ Ȣ Ὠ† ᷿ ὼȢ ὼ Ὠ† of the considered Krein space system, resp. the 

functional ὼ ȡ ᷿ •ȢὼὨ† for •Ȣὼ π, generates hyperboloids Ὄ , hyperbolic regions ὠ, and 

conical regions ὠ in the form  
 

Ὄ ḧ ὼɴ Ὄ ὼ ὧ π, ὠ ḧ ὼɴ Ὄ ὼ ὧ π , ὠḧ ὼɴ Ὄ ὼ π. 

 

Evidently ὠ  is a subspace of ὠ. The boundary ὑ of the conical region is defined by the condition ὼ π. 

It is an asymptotic conical manifold for the hyperboloid ὼ ὧ π, (VaM) p. 92 (*)    

 
 
 
 
 
(*)  Note: αIf ὼ is an exterior point of the conical region ὠ, then those points of the ray ὸὼȟὸɴ πȟЊ  for which ὸ ὧȾὥ belong to the 

hyperbolic region ὠ, and those for which π ὸ ὧȾὥ do not belong to ὠ. If ὼ is not an element of ὠ, then the ray ὸὼȟὸɴ πȟЊ  does not 

have any point in common with ὠ. Thus, every interior ray of the conical region ὠ intersects the hyperbolid ὼ ὧ π in a single point. 

We denote by ὑ the boundary of the conical region ὠ. The manifold ὑ is defined by the condition ὼ π. If we look at the unit sphere 

Ὓ (ᴁὼᴁ ρ), then those points of Ὓ for which ὼȢ ὼ  belong to ὑ, and those points of Ὓ for which ὼȢ ὼ  

intersect the hyperboloid ὼ ὧ π at the point whose distance from — is given by  ὸ ὧ ὼȢ ὼ Ⱦ. From this it is seen 

that ὸO Њ if ὼȢ ὼ ᴼπ, i.e. the manifold ὑ is an asymptotic conical manifold for the hyperboloid ὼ ὧ π, (VaM) p. 

91 
 

Note: In the case, where the positive part of the spectrum of ὡȢ lies in an interval άȟὦ, where ά π, then the inequality 
 

ᴁὡȢὼᴁ Ѝ
•Ȣὼ ᴁὼᴁ

Ѝ
ὧ ᴁὼᴁ   

 

holds for every ὼ in the hyperbolic region ὠ defined by •Ȣὼ ὧ π, as well as in the conical region ὠ, i.e., when ὧ π, (VaM) p. 92. 
 

Note: The subspace ὒṒὌ ὌȢ ṧὌȢ  is positive if and only if the angular operator ὑ  of ὒ, (BoJ) p. 54, with respect to ὌȢ  

exists and satisfies the condition 

ὑȢ ὼȢ Ȣ
ὼȢ Ȣ

 , ὼȢ ᶰὈὑȢ . 
 

In particular, positive definite subspaces are characterized by the property 
 

ὑȢ ὼȢ Ȣ
ὼȢ Ȣ

, ὼȢ ᶰὈὑȢ , ὼȢ π, 

and neutral subspaces by  

ὑȢ ὼȢ Ȣ
ὼȢ Ȣ

, ὼȢ ᶰὈὑȢ . 

 
Let ὒṒὌ ὌȢ ṧὌȢ  and ὖ  be the canonical projectors. Then the set of vectors of ὒ can be represented in the form 
 

ὒȡ ὌȢȡ ὼȢ ὑ ὼȢ ᶰ Ȣ
 

 

giving the general form of all ὒṒὌȢ  of the Krein space Ὄ ὌȢ ṧὌȢ . The bounded linear operator 
 

ὑ ὑȢ ḧ ὖ ὖȿὒ Ḋ ὖȿὒ O  ὌȢ  
 

is called the angular operator for ὒ with respect to ὌȢ . The inclusion ὒṒὌȢ  is accompanied by related inclusions ὒṒὌȢ .  
 

The concept of alternating pairs ὒȟὒ  can be applied to prove the existence of maximal dissipative operators Ὕ ȟὝ  of dissipative 
operators ὝȟὝ with dense domains Ὀὒ , $ὒ  in Ὄ  (i.e., dissipative operators having no dissipative proper extension) satsifying, (BoJ) 
p. 116 

Ὕὼȟὼ ὼȟὝὼ π, ὼᶰὈὝ  
 

Ὕὼȟὼ ὼȟὝὼ π, ὼᶰὈὝ . 
 

This concept can be applied in the context of dissipative operators in Hilbert spaces. We note that the wave operator accompanied by 
Hilbert space Ὄ  like domains becomes a strong hyperbolic operator. 
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The several ‖-quanta systems (see below) in combination with the related dynamical energy space systems  
 

ᴁȿὼȿᴁ ȡ В ‗ ὼ , ‖ π  (*)   

 
enable the definition of, (1) one-component mechanical ṧ dynamical energy systems in the form Ὄ ṧὌ , or 
(2) two-component dynamical ṧ dynamical energy systems in the form Ὄ  Ὄ . The related mathematical 

modelling layers with underlying physical modelling layers are summarized in the following table: 
 

modelling  
case 

# components mechanical 
energy system 

 

╗  

 dynamical energy 
system 

╗ⱥȢⱲṧ╗ⱥȢⱲ ▀Ⱳ 

rational manifold/  
(complex) Lorentz 
transformation (**) 

elliptic potential theory 
with domain  
 ṒὙ  

1-component: 
particle 

 
Ὄ 

   

3D-NSE equation wave 
and radiation problems 
with domain   πȟὝ 

1-component: 
fluid with potential energy 

 
Ὄ 

 
ṧ 

 
Ὄ  

with respect to the ᴁ ᴁȾ  norm 

 
Ὑ  

atomic nucleus 
dynamics 

1-component: 
electronium ὔ  

 
Ὄ 

 
ṧ 

 
Ὄ  

(**)  
ὛḙὛὟς 

atomic nucleus 
dynamics 

1-component: 
neutronium 

 ὔ  

 
Ὄ 

 
ṧ 

 
Ὄ  

(**)  
ὛḙὛὟς 

atomic nucleus 
dynamics 

1-component: 
positronium ὔ  

 

 
Ὄ 

 
ṧ 

 
Ὄ  

(**)  
ὛḙὛὟς 

electromagnetic 
dynamics 

 

2-component: 
electroton Ὡ 

magneton ά 

 
Ὄ 
Ὄ 

 
ṧ 
ṧ 

 
Ὄ  

Ὄ  

(**)  
Ὡ Ὓ 
Ὓ Ὡ 

plasma 
dynamics 

 

2-component: 
electron Ὡ 
positron ὴ 

 
Ὄ 
Ὄ 

 
ṧ 
ṧ 

 
Ὄ  

Ὄ  

(**)  
Ὡ Ὓ 
Ὓ Ὡ  

vacuum 
dynamics 

 

2-component: 
electrino   
positrino “ 

 
Ὄ 
Ὄ 

 
ṧ 
ṧ 

 
Ὄ  

Ὄ  

(**)  
Ὡ Ὓ 
Ὓ Ὡ  

 
 
 

Note: The two groups Ὡ Ὓ, Ὓ Ὡ are normal subgroups of the matrix group Ὓὕτ, (EbH):  
 

the group Ὓὕτ is no simple Lie group; beside the group Ὓ (the unit quaternions of the quaternion algebra ȿ╗) it 
contains isomorphic normal subgroups ὋḧὛ Ὡ, ὋḧὩ Ὓ , where  denotes the surjective orthogonal 

mapping ὥȟὦḊ ȿ╗ O  ȿ╗ , ὼ O ὥὼὦ; for ὥᶰὛ the mapping ὪḊὍάȿ╗ Ὑ  OḊὍάȿ╗ Ὑ  defined by Ὢόḧ
ὥόὥ; it holds ὪᶰὕὍάȿ╗ ; in case Ὢ ὭὨ it holds π ὥ ὥᶰὍάȿ╗ and Ὢὥ ὥ ὥ ὥ and the from ὥ ὥ 
generated straight line is also a fixed straight line of  Ὢ. As every quaternion ὥᶰὛ Ὡ can be represented in the 

form ὥ ὧέίϽὩ ίὭὲϽή with ήᶰὍάȿ╗, ȿήȿ ρ, and π  ς“ the function  Ὢ can be represented in the 

form  Ὢό ὧέίϽό ίὭὲϽή ό ρ ὧέί. ╗ộήȟόỚή    for all όᶰὍάȿ 
 

Note: In (BrK6) the Calderón-Zygmund operator Ώ is proposed as alternative Schrödinger2.0 momentum operator. For the boundary Ὓ it is 
represented in the form 

Ώόὼ В ὙὈό ὼ ὴȢὺȢ᷿
ȿ ȿ

Ὠώ ῳΏ όὼ  
 

Note: Lƴ ǘŜǊƳǎ ƻŦ .ƻƘƳΩǎ ŎƻƴŎŜǇǘƛƻƴ ƻŦ ŜȄǇƭƛŎŀǘŜ ŀƴŘ ƛƳǇƭƛŎŀǘŜ ƭŀǿǎ ǘhe dynamic energy of the three physical 1-component atomic nucleus 
layers governs explicate quanta. In the below ‖-quanta scheme the related implicate EPs are called anti-EP. They hold together the 
composed explicate quanta. The Lorentz transformation in special relativity is modelled by the restricted Lorentz group, the group of ςὼς 
complex matrices of determinant one, Ὓὒςȟὅ, which is isomophic to the symmetry group ὛὟς and the unit quaternions Ὓ.  
 

Note: The conservation laws of the three 2-component layers are governed by the complex Lorentz transformation Ὓ Ὓḙ
ὛὟς ὛὟς. More specifcally, the invariant quantities of the 2-quanta-component energy fields are governed by the two isomorphic 
normal subgroups of the group Ὓὕτ. 
 

Note: The crucial differentiators between the three 2-component layers are the quanta numbers of the affected quanta pairs. While the 
quanta number sequences of the electromagnetic and the vacuum pairs tend towards one, the quanta number sequences of the plasma 
pair have same absolute values and tends towards zero. The latter property indicates that the Landau damping phenomenon is a principle 
of nature. 
 

(*)   ‗ ḧ‗᷿ ὸὥὲὬ‖†Ὡ Ὠ†  ς‗ 
 

(**)  for the Ὓ άƳŀƴƛŦŜǎǘŀǘƛƻƴ ƛƴ ǊŜŀƭƛǘȅέ see (UnA2);  for quaternions in relation to the Maxwell equations see (AcM)  
 

 

(***) In SMEP ὛḙὛὟς is applied to describe the ɼ-ŘŜŎŀȅ ǇǊƻŎŜǎǎ ŀǎ ŀ αŦƻƭŘƛƴƎ ƻǾŜǊκŦƭƛǇǇƛƴƎά ǇǊƻŎŜǎǎ ōŜǘǿŜŜƴ ŀǎǎǳƳŜŘ ǘǿƻ ǎǘŀǘŜǎ ƻŦ ŀ 
nucleon, (UnA3) S. 189. 
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f. The integrated ⱥ-quanta scheme 

 
The Krein space based ‖-quanta scheme is defined by related appropriately defined sets of quantum numbers 
‖ according to the following table. The building processes from the underlying two fundamental dynamical 
αǾŀŎǳǳƳ ǉǳŀƴǘŀάΣ ǘƘŜ electrino and the positrino, happen randomly.  The related conditional probabilities are 
ƎƻǾŜǊƴŜŘ ōȅ ǘƘŜ ŘƛŦŦŜǊŜƴǘ {ŎƘƴƛǊŜƭƳŀƴƴ ŘŜƴǎƛǘƛŜǎ ƻŦ ǘƘŜ ƻŘŘ όαмκнάύ ŀƴŘ ŜǾŜƴ όαȊŜǊƻάύ ƛƴǘŜƎŜǊǎΦ 
 

 
Model case 

 
EP 
 

 
Anti-EP 

 

QN 
quantum 
numbers 

QN 
quantum 
numbers 

QN 
quantum 
numbers 

 ήɴ ὌȢ  ή ᶰὌȢ  ή  ή  ⱥ▪ḧή ή  

Vacuum particle 
neutrino ’ 

 
’ȡ ṧ“ 

 
’ ṧ“ 

 

ὲ ὲ ὲ
ρ

ς
 

 

ὲ ὲ
ρ

ς
 

 
‖ π 

Vacuum particle 
electrino  

 
 

 
ṧ“ṧ“ 

 

ὲḧ
ςὲ ρ

τὲ ρ
 

 
φὲ ρ

τὲ ρ
 

 

‖
τὲ

τὲ ρ
 

Vacuum particle 
positrino “ 

 
“ 

 
“ṧṧ 

 

ὲ ḧ
ςὲ

τὲ ρ
 

 
φὲ ς

τὲ ρ
 

 

‖
τὲ ς

τὲ ρ
 

Plasma particle 
electron Ὡ 

 
Ὡȡ ṧ 

 
ὴȡ   “ṧ“ 

 

ὲ
τὲ ς

τὲ ρ
 

 

ὲ
τὲ

τὲ ρ
 

 

‖
ρ

ςὲ ρȾς
 

Plasma particle 
positron ὴ 

 
ὴȡ   “ṧ“ 

 
Ὡȡ ṧ 

 

ὲ
τὲ

τὲ ρ
 

 

ὲ
τὲ ς

τὲ ρ
 

 

‖
ρ

ςὲ ρȾς
 

Plasma particle 
neutron ὲ 

 
ὲḧ’ṧ’ 

 
 

 

ὲ
τὲ ρ

τὲ ρ
ρ 

 
π 

 
‖ ρ 

Maxwell-Mie 
particle  
electroton Ὡ 

 
Ὡȡ Ὡṧ“ 
Ὡ ṧṧ “ 

 
“ 

 

ὲ
φὲ ς

τὲ ρ
 

 
ςὲ

τὲ ρ
 

 

‖
τὲ ς

τὲ ρ
 

Maxwell-Mie 
particle 
magneton ά 

 
άȡ ὴṧ 
ά “ṧ“ṧ 

 
 

 

ὲ
φὲ ρ

τὲ ρ
 

 
ςὲ ρ

τὲ ρ
 

 

‖
τὲ

τὲ ρ
 

Atomic nucleus 
particle 
positronium ὔ  (*) 
 

 
 
ὔ ḧάṧά 

 
electron 
Ὡ  

 

ὲ
ρςὲ ς

τὲ ρ
 

 

ὲ
τὲ ς

τὲ ρ
 

 

‖ὔ
ψὲ

τὲ ρ
 

Atomic nucleus 
particle 
electronium ὔ  
 

 
 
ὔ ḧὩṧὩ 

 

 
positron 
ὴ ““ 

 
 

ὲὩ
ρςὲ τ

τὲ ρ
 

 
 

ὲ
τὲ

τὲ ρ
 

 
 

‖ὔ
ψὲ τ

τὲ ρ
 

Atomic nucleus 
particle 
neutronium ὔ  
 

 
 
ὔ ḧὩṧά 

 

 
neutrino 
’ “ 

 
 

ὲὩά
ρςὲ σ

τὲ ρ
σ 

 
 

ὲ
ρ

ς
 

 
 

‖
ὔπ

υ

ς
 

 
(*) the notion is proposed in (UnA2) p. 96 
 
 
 
Note: The 2-component purely dynamical vacuum energy field pair is ƭƛƴŜ ǿƛǘƘ tƭŀƴŎƪΩǎ ǎǘŀǘŜƳŜƴǘΣ ǘƘŀǘ άmass is essentially the 
ƳŀƴƛŦŜǎǘŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅάΦ 
Note: The Anti-9t Ƴŀȅ ōŜ ŀƭǎƻ ŎŀƭƭŜŘ αimplicateά EP in the sense of D. Bohm, where αimplicateά ƳŜŀƴǎ αǘƻ ŦƻƭŘ ƛƴǿŀǊŘά, (BoD1) p. 186 
 

Note: The experimental observations of the spectra of atoms and their decomposition into magnetic and electric fields showed a 
decomposition of spectral lines or of electron beams into an even number of components, while the angular momentum multiplets were 
only composed by an odd number of multiplets with the numbers ςὰ ρ, (RoH) p. 217. 
 

Note: Plasma is an ionized gas consisting of approximately equal numbers of positively charged ions and negatively charged electrons. The 
number of neutral particles (atomes or molecules) is irrelevant for the definition of a plasma. The number of positively and negatively 
charged particles per considered volume element may be arbitrarily small oder arbitrarily large, but both numbers need to be 
approximately identical (in order to have no internal macroscopic electrostatic  fields, (BiJ) p. 46. The interactions of positively charged ions 
and negatively charged electrons are determined by long-range electrical forces.  
The Landau damping phenomenon is a characteristic of collisionless plasmas. It is a wave damping without energy dissipation by 
elementary particle collisions, i.e., it is about the possibility of resonance between the wave phase velocity and the velocity of individual 
electrons. 
 

ό5Ŝwύ ǇΦ фпΥ α¢ƘŜ [ŀƴŘŀǳ ŘŀƳǇƛƴƎ ǇƘŜƴƻƳŜƴƻƴ ƛǎ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŜƭŜŎǘǊƻ-magnetic forces, which weaken themselves 
spontaneously over time w/o increase of entropy or friction. Landau damping involves a flow of energy between single particles on the one hand 
side, and collective excitations of plasma on the other side".  
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The three mechanical atomic nuclei particles ὔ ςά, ὔ ςὩ, and ὔ άὩ may be interpreted as electric 

or magnetic conductor, resp. isolator particles. Because of Ὡ ὴ P  ὲ  the following energetical balances are 

valid: 
 

ὔ ςά  P   ὴ ὲ        P   ςὴ Ὡ    i.e.   ὔ Ὡ  P   ςὲ 

 
ὔ ςὩ    P   Ὡ ὲ        P   ςὩ ὴ   i.e.   ὔ ὴ  P   ςὲ 

 
ὔ άὩ    P   ὴ Å ’ P    ὲ ’     i.e.   ὔ ’ P   ςὲ. 

 
This means, that in case of  
 

5. ŀ αǇƻǎƛǘǊƻƴƛǳƳά ὔ  (electric conductor) is equivalent to two protons, which are kept together by the 
αcohesive electric (Mie) pressureά ƻŦ ŀƴ ŜƭŜŎǘǊƻƴ, (*) 
  

6. an αŜƭŜŎǘǊoniumά ὔ  (magnetic conductor) is equivalent to two electrons, which are kept together by 
ǘƘŜ αcohesive magnetic (Mie) pressureά ƻŦ ŀ positron, 
 

7. ŀƴ αƴŜǳǘǊƻƴƛǳƳά ὔ  (isolator) is equivalent to a neutron, which is kept together by a neutrino. 
 
Note: The three mechanical atomic nuclei quanta ὔ άὩ, ὔ ςὩ, ὔ ςά might be candidates for an 
alternative hydrogen model for the three molecular, atomic, and metallic (liquid) hydrogen energy systems. 
 
Note: Physically speaking the gradient of (e.g. electromagnetic or plasma) potentials may be interpretated as 
(e.g., electromagnetic or plasma) forces acting on corresponding potential functions of related physical law 
equations.  
 
Note: The mathematical quanta vacuum energy space is governed by electrinos, positrinos, and neutrinos. The 
quantum numbers of the electrinos and the neutrinos are governed by the Schnirelmann density of the odd 
integers, which is ½. The related quantum numbers of the positrinos are governed by the even integers 
accompanied by a vanishing Schirelmann  density. Therefore, there is a mathematical probability that a 
positrino resp. an electrino may meet an electrino, building a neutrino resp. an electron (i.e. two electrinos), 
and there is also a mathematical conditonal probability that a positino may meet and neutrino.  
 
¢Ƙƛǎ αŎƻƴŘƛǘƛƻƴŀƭ ǇǊƻōŀōƛƭƛǘȅά ǇǊƻŎŜǎǎŜǎ ŜƴŀōƭŜ ŦǳǊǘƘŜǊ ŀƎƎǊŜƎŀǘƛƻƴǎ ƻŦ αŎƻƴŘŜƴǎŜŘά ǇƘȅǎƛŎŀƭ ŜƴŜǊƎȅ ǉǳŀƴǘŀΦ 
The mathematical modelling framework enable the definition of correspondingly designed energy Hilbert 
spaces. As there is an overall conservation of energy law this building processes is accompanied by 
corresponding potential differences between those Hilbert energy spaces. In case of the quanta vacuum energy 
Hilbert space this mean that there is a kind of αǇǊŜǎǎǳǊŜά ƻƴ ǘƘŜ ǊŜŘǳŎŜŘ ƴǳƳōŜǊs of positrinos to αcondense 
themά, as well. This process generates positrons, magnetons and positroniums. The converse αŘŜŎŀȅά ǇǊƻŎŜǎǎ 
is also governed by the potential energy differences between the energy Hilbert space structure, governed by a 
kind of least action principle in that way, ǘƘŀǘ ŀƭƭ αŎƻƴŘŜƴǎŜŘά ŜƴŜǊƎȅ ǉǳŀƴǘŀ ǘŜƴŘ ōŀŎƪ ǘƻ ǘƘŜ Ƴƻǎǘ ǎǘŀōƭŜ 
energy Hilbert space, which is the quanta vacuum energy Hilbert space. 
 
In this explaining story the observed cosmic background radiation may be interpreted as the background noise 
of the energy condensation process governed by the electrinos, while the energy condensation process 
governed by the positrinos finally generates stars like our sun, based on pure liquid hydrogen. 
 
 
 
 
 
 
 
 
 
(*) the model is also in line with the ίὴὭὲρȾς hypothesis, whereby ὲ of such entities may be interpreted as ὲ-valent ions 
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Note: The energetical mechanical and dynamic pairs enable mechanical spiral movements in line with 
9ƘǊŜƴƘŀŦǘΩǎ αǎŎǊŜǿ ƳƻǾŜƳŜƴǘǎά ƻŦ ǘƘŜ ƻōǎŜǊǾŜŘ αǇƘƻǘƻǇƘƻǊŜǎƛǎά ǇƘŜƴƻƳŜƴƻƴΣ ό!ƭhύ ǇΦ нннΣ {ŎƘŀǳōŜǊƎŜǊ ŀƴŘ 
5ŜŜΩǎ ƛƳǇƭƻǎƛƻƴ ǇǊƛƴŎƛǇƭŜΣ ό[ŀ{ύ {Φ ннсΣ ό5ŜYύ ǇΦ фуΣ ŀƴŘ ǘhe interactions of stars in a galaxy governed by spiral 
downsity waves, (ShF) p. 402. The spiral movements are governed by vortex potentials resp. vortex forces in 

the form ὪέὶὧὩɳὴὶὩίίόὶὩᶯὴέὸὩὲὸὭὥὰ, where a (local point charge) vortex force  ᴆȢὼȟώᶰ
Ὄ  with ȿὶέὸόȿ π for ὼȟώ πȟπ is replaced by potential operators in the form ὡ όḧ

ὫὶὥὨὴέὸὩὲὸὭὥὰόȢ 

 
Note: The 2-component ǇǳǊŜƭȅ ŘȅƴŀƳƛŎŀƭ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ŜƴŜǊƎȅ ŦƛŜƭŘ ǇŀƛǊ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ 9ƘǊŜƴƘŀŦǘΩǎ discovery 
of electric and magnetic ions ((EhF), (EhF1), (LeE). CΦ 9ƘǊŜƴƘŀŦǘ ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ ƴƻǘƛƻƴ αmagnetized ionsά 
ŀƭǊŜŀŘȅ ƛƴ Ƙƛǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƛƴ ǘƘŜ tƘȅǎƛŎŀƭ wŜǾƛŜǿΣ ǘƛǘƭŜŘ αDiffusion, Brownian Movement, Loschmidt-
Avogadros Number and LightάΣ !ǇǊƛƭ нфΣ мфплΦ  
 
Note: The 2-component purely dynamical plasma energy field pair enables a new plasma dynamics theory. It 
provides an appropriate single model to explain the Landau damping phenomenon replacing the current two 
(linear and nonlinear) models, which require two tyǇŜǎ ƻŦ ǳƴŘŜǊƭȅƛƴƎ ǇƘȅǎƛŎŀƭ αŦƻǊŎŜǎά (* ). 
 
Note: The 2-component purely dynamical vacuum energy field pair provides an alternative model to the 
current concept of "dark energyά ŀǎ ŀ ŎƻǎƳƻƭƻƎƛŎŀƭ characteristic of empty space. The model enables an 
alternative model to the Theory of Inflation, which does not provide any explanation where the assumed 
αŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜǎά ŀǊŜ ŎƻƳƛƴƎ ŦǊƻƳ ŀƴŘ ǿƘȅ ǘƘŜƛǊ Ƴŀǎǎ ƘŀǾŜ ǘƘŜƛǊ ǎǇŜŎƛŦƛŎ ǾŀƭǳŜǎΦ Lǘ ŀǾƻƛŘ ǘƘŜ ŎǳǊǊŜƴǘƭȅ 
assumed prerequisite to kick off the inflation process, the "Big Bang"; "Even though it was the biggest black 
hole ever, it then exploded", (DeK) p. 3, (PeR) p. 444.  
 
The concept of an implosion energy relates ǘƻ αƛƳǇƭƻǎƛƻƴ ǘŜŎƘƴƻƭƻƎȅάΣ ό[ŀ{ύΣ ό{ŎWύΣ αŀƴ ƛƳǇƭƻǎƛƻƴ ǘƘŜƻǊȅ ƻŦ 
ǳƴƛǾŜǊǎŜ ŎǊŜŀǘƛƻƴάΣ ό5ŜYύΣ ŀƴŘ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ǾƛŜǿ ƻƴ ǘƘŜ ǾŀŎǳǳƳΣ ό5ŀWύΦ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(*) The Landau damping phenomenon is accompanied by two different force types depending from the considered mathematical model. 
Technically speaking, there is a linear and a non-linear Landau damping theory accompanied by an one-component untrapped resp. 
trapped plasma particle type. In simple words, the linear and nonlinear Landau damping models predict Landau damping from different 
(Coulomb resp. ponderomotive force governed) physical effects.  
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g. The ⱥ-quanta decay table down the physical modelling layers 
 

The energy balances between the Krein space based ‖-quanta and anti-‖-quanta govern the related 
quanta pair decays down from the atomic nucleus quanta fields to vacuum quanta fields: 
 

 
physical modelling 

layers 

 

(‖-quanta, anti-
‖-quanta) 

 

electro-
magnetics 

άȟ 

electro-
magnetics 

Ὡȟ“ 

 
plasma 
Ὡȟὴ 

 

 
vacuum 
ȟ“ 

 
 

atomic nucleus 

 

 
ὔ ȟὩḙ ςάȟὩ 

 
2 

 
 

  

 
atomic nucleus 

 

 
ὔ ȟὴḙ ςὩȟὴ 

  
2 

  

 
atomic nucleus 

 

 
ὔȟ’ḙ Ὡάȟ’ 

 
1 

 
1 

  

 
electromagnetics 

 

 

Ὡȟά ḙ άȟὩ 
   

1 
 
1 

 
plasma 

 

 
Ὡȟὴḙ ὴȟὩ 

    
2 

 
vacuum 

 

 

 

ȟ“ḙ “ȟ 

    
- 

 

Note (The unknown physical parameters of the Maxwell equations): The energy tensor for electromagnetic 
fields is unknown for elementary particles. The laws by which the currents and charges behave are unknown. 
Matter is built by electromagnetic particles, but the field laws by which they are constituted are unknown, as 
well.  
 
Note: The spin of an elementary particle is its eigen-rotation with exactly two rotation axes, one parallel and 
one anti-parallel axis to a magnetic field. This is the ς ς ŎƻƳǇƭŜȄ ƴǳƳōŜǊ ǎŎƘŜƳŜΣ ǿƘŜǊŜ ŜǾŜǊȅ αƴƻǊƳŀƭά 
Ǌƻǘŀǘƛƻƴ ƛǎ ŎƻƴǘŀƛƴŜŘ ǘǿƛŎŜΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ŀƴ ŜƭŜŎǘǊƻƴ Ƙŀǎ ŀ ŎƘŀǊƎŜ ƻƴƭȅ ƘŀƭŦ ƻŦ ǘƘŜ tƭŀƴŎƪΩǎ ǉǳŀƴǘǳƳ ƻŦ ŀŎǘƛƻƴΦ 
 

Note: The change process of the ɼ-decay (neutron Ą proton+electron+antineutrino) is described/modelled by 
symmetry group 35ςḙ3,ςȟ#; the related particle model is a physical substance called αnucleonά with two 
ǎǘŀǘŜǎΣ ŎŀƭƭŜŘ αƴŜǳǘǊƻƴά ŀƴŘ αǇǊƻǘƻƴά. TƘŜ αŦƻƭŘƛƴƎ ƻǾŜǊκŦƭƛǇǇƛƴƎά ōŜǘǿŜŜƴ ǘƘŜ αǳǇά ŀƴŘ αŘƻǿƴά ǎǘŀǘŜǎ is called 
αǿŜŀƪ όŦƻǊŎŜύ ƛƴǘŜǊŀŎǘƛƻƴάΦ On average the ɼ-decay process lasts 15 minutes; its root cause is unknown. 
 
Note: The positron and electron ƛƴ 5ƛǊŀŎΩǎ ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪ have similarity with the ὡ  and ὡ  bosons, 
and the photon boson has similarity with the ὤ boson. Therefore, the complex Lorentz group 35ςṧ35ς 
(with underlying two pairs of components, which are both connected accompanied by a related multiplication 
law; the symmetry group 35ςṧ35ς of the Coulomb problem provides the appropriate symmetry group 
for the two proposed dynamical quanta pairs. In other words, if one wants a mechanical energy of dynamical 
ǉǳŀƴǘŀ ǘƻ ŎƘŀƴƎŜ ŀ ƳŜǊŜƭȅ ŎƻƳǇƭŜȄ [ƻǊŜƴǘȊ ƎǊƻǳǇ ƎƻǾŜǊƴŜŘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǿƻƴΩǘ Řƻ ƛǘ. 
 
Note: The physical modelling layer framework is in line with the αforty lines of evidence Χ that the solar body is 
comprised of, and surrounded by, condensed matterάΣ όwƻtύΣ ό¦ƴ!пύΦ According to (RoP1) αthe currently 
accepted temperature of the microwave background must be viewed as an apparent temperature. Rectifying 
this situation, while respecting real temperatures, involves a reexamination of BoltzmannΩǎ ŎƻƴǎǘŀƴǘΦ Lƴ ǎƻ 
doing, the latter is deprived of its universal nature and, in fact, acts as a temperature dependent variable. In its 
ǊŜǾƛǎŜŘ ŦƻǊƳΣ tƭŀƴŎƪΩǎ Ŝǉǳŀǘƛƻƴ ōŜŎƻƳŜǎ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴǎŜƴǎƛǘƛǾŜ ƴŜŀǊ олл YΣ when applied to the microwave 
backgroundάΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ƛƴ όwƻtнύ ǊŜǾŜŀƭǎ ǘƘŀǘ ǘƘŜ ƻŎŜŀƴǎ ƘŀǾŜ ŀ ǇƘȅǎƛŎŀƭ ƳŜŎƘŀƴƛǎƳ ŀǘ ǘƘŜƛǊ ŘƛǎǇƻǎŀƭΣ ǿƘƛŎƘ 
is capable of generating the microwave background. 
 
Note: The sun surface shows mainly a pentagonal structure. On average they dissolve after 15 minutes, (UnA4) 
S. 85. 
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5. Proof of Concept 
 

¢ƘŜ ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ aŀŎƘΩǎ ǎǘŀǘŜƳŜƴǘΣ ǘƘŀǘ αthere are no purely mechanical processesάΣ 
(MaE) p. 519. The considered energy Hilbert scales are defined by selfadjoint, positive definite operators. Each 
sub-Hilbert space of the related larger one is compactly embedded, i.e., the related eigen-pairs of the 
corrresponding potential energy operator define discrete energy knots of the corresponding system. This is in 
line with the Mie Theory, explaining why the Maxwell field possesses a granular (matter) structure (*). 
 
The classical physical PDE modelling layer is approximated down to the mathematical ground state energy 
modelling layer. Therefore, the scope of validity of the general relativity theory is restricted to the macroscopic 
behavior of physical bodies, which is in line with the principle of Mach and the Einstein-Mach principle of the 
relativity of inertness. (**)  Classical PDE systems become approximation models of underlying Pseudo 
Differential Operator equation systems, (BrK10), (EsG), (MeY), (PeB), (StE). The Calderón-Zygmund operators Ώ 
with symbol ȿ’ȿ with domain Ὓ (the unit quaternions) provides an alternative Schrödinger2.0 momentum 
operator. (*** ) 
 
The proposed deductive structure is in line with Pythagoras, that the number is the basic principle of nature 
and the universe, (EcU), tƭŀƴŎƪΩǎ statistical and dynamical type of physical lawsΣ όtƭaύΣ ǿƛǘƘ {ŎƘǊǀŘƛƴƎŜǊΩǎ ǘǿƻ 
ways of producing orderlines, the statistical mechanism, which produces order from disorder and a mechanism, 
which produces order from orderΣ ό{Ŏ9мύΣ ŀƴŘ .ƻƘƳΩǎ ŎƻƴŎŜǇǘƛƻƴ ƻŦ wholeness accompanied by the concept of 

explicate and implicate orders; the the functional ᷿ •ȢὼὨ† generates hyperboloids Ὄ , the hyperbolic and 

conical regions ὠ, ὠ; the related constants ὧ may be interpreted as new constants of nature, (BoD1) (***) (*** *).  
 
The modelling framework also 
 
- enables the solution of two millennium problems of the Clay Institute, the well-possedness of the 3D 

Navier-Stokes Equations and the Yang-Mills mass gap problems 
 

- addresses the problem of (mechanical particle) time ὸ π vs. (dynamical quanta) time † πάΣ ό!ƴ9ύΣ ό/ŀ/ύΣ 

(RoC1) by the ᷿ ϽϽϽὨ† integration and teh related αǘƛƳŜ ὸ π ŘŜǇŜƴŘŜƴǘά Hilbert energy scale system 

ὌȾ ὸȡ Ὄ ὸṧὌ ὸ resp. Ὄ ὸḧὌ ὸṧὌ ὸ defined by the norms 
 

ᴁὼᴁȾ ὸ ᴁὼὸᴁ ᴁὼὸᴁȢ В ‗ὼ ὸ В ‗ ‗ ὼ ὸ  

resp. 
 

ᴁȿὼȿᴁ ὸȡ ᴁὼὸᴁ ᴁȿὼὸȿᴁ В ‗ ‗ ὼ ὸ    (****** ) . 

 
 
(*) (WeH1) pp. 171/172 
 

(** ) DeH): αEs wäre demnach konsequent, den Gültigkeitsbereich der allgemeinen Relativitätstheorie grundsätzlich auf das makroskopische Verhalten der Körper einzuschränken und 

darauf zu verzichten, die Raum-Zeit-Struktur der allgemeinen Relativitätstheorie bis in die Dimensionen der Elementarteilchen und Atome fortzusetzen. Diese Anschauung wird gerade 
durch das Machsche Prinzip nahegelegt: denn nach diesem können Raum und Zeit nur als denkbare Wechselwirkungen zwischen Körpern und Ereignissen einen Sinn haben, nicht aber als 
absolute, physikalisch wirksame Realitäten aufgefaßt werden. Daher dürfte das Raum-Zeit-Kontinuum der Relativitätstheorie die physikalische Bedeutung einer Kontinuumsapproximation 
von Wechselwirkungen zwischen Körpern (Elementarteilchen) besitzen, welche von den Gesetzen der Quantentheorie beherrscht werden. Diese Approximation wird umso genauer sein, je 
mehr materielle Körper an ihrem Aufbau beteiligt sind. Das Raum-Zeit-YƻƴǘƛƴǳǳƳ ǿŅǊŜ ŘŜƳƴŀŎƘ ƴǳǊ ŘŜǊ α{ŎƘŀǳǇƭŀǘȊά όǊŜǎ ŜȄǘŜƴǎŀύΣ ŀǳŦ ŘŜƳ ǎƛŎƘ das eigentliche Geschehen der Welt, das 
vǳŀƴǘŜƴƎŜǎŎƘŜƘŜƴΣ ŀōǎǇƛŜƭǘΦά  
(UnA1) p. 142: αyet the article (DeH) does no less than explain all known tests of the (GRT) theory with variable speed of light!ά 
 

(** *)  In (BrK6) the Calderón-Zygmund operator Ώ is proposed as alternative Schrödinger2.0 momentum operator. For Ὓ it is represented in 

the form  Ώόὼ В ὙὈό ὼ ὴȢὺȢ᷿
ȿ ȿ

Ὠώ ῳΏ όὼ 

(***)  The Krein space Ὄ ὌȢ ṧὌȢ  may be interpreted as a composition of explicate energy spaces  ὌȢ  and related implicate energy 

spaces ὌȢ , (BoD1). The indefinite norm ᷿•ȢὼὨ†ȡ ᷿ ὼȟὼ Ȣ Ὠ† ᷿ ὼȢ ὼ Ὠ† of the considered Krein space system in 

combination with the defined functional ὼ ȡ ᷿ •ȢὼὨ† for •Ȣὼ π generates hyperboloids Ὄ, hyperbolic regions ὠ, and 

conical regions ὠ in the form  Ὄ ḧ ὼɴ Ὄ ὼ ὧ π, ὠ ḧ ὼɴ Ὄ ὼ ὧ π , ὠḧ ὼɴ Ὄ ὼ π. 
 

The constants ὧ Ƴŀȅ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǊŜƭŜǾŀƴǘαōƻǊŘŜǊƭƛƴŜά Ŏƻƴǎǘŀƴǘǎ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƴǎƛŘŜǊŜŘ ŜȄǇƭƛŎŀǘŜ ŀƴŘ ƛƳǇƭƛŎŀǘŜ 
ŜƴŜǊƎŜǘƛŎŀƭ ǉǳŀƴǘŀ ƛƴ ǘƘŜ ǎŜƴǎŜ ƻŦ .ƻƘƳΩǎ ŎƻƴŎŜǇǘƛƻƴ ƻŦ α²ƘƻƭŜƴŜǎǎ ŀƴŘ ǘƘŜ LƳǇƭƛŎŀǘŜ hǊŘŜǊάΣ ό.ƻ5мύ ƻŦ ǘƘŜ ŎƻƴǎƛŘŜǊŜŘ YǊŜƛƴ ǎpace Ὄ

ὌȢ ṧὌȢ . Physically speaking, the constants  ὧ ōŜŎƻƳŜ ǘƘŜ ƴŜǿ αŎƻƴǎǘŀƴǘǎ ƻŦ ƴŀǘǳǊŜάΦ 
 

(*** *)    !Φ 9ƛƴǎǘŜƛƴΥ αIn a reasonable theory, there are no numbers which can be only determined empiricallyάΣ ό¦ƴ!ύ ǇΦ нмт 
 

(*****)                                                    ‗ ḧ‗᷿ ὸὥὲὬ‖†Ὡ Ὠ†  ς‗ 

ό¦ƴ!нύ ǇΦ ттΥ άAs Dicke had realized, mathematical consistency required that the speed of light decreases with the root of absolute time, in 

formal notation ὧ ὸ Ⱦέ; see also (BrK12), (HeH), (NiJ1) 
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a. Proof of Concept of the 1-component energy fields 
 
There are three types of 1-component energy fields: 
 

(1) the standard kinematical energy Hilbert space Ὄ  enabled by the energy method of the calculus of 
variation in combination with the self-adjoint Friedrichs extension of the symmetric Laplacian 
potential operator, e.g. (VeW) (*) 
 

(2) the extended standard kinematical energy Hilbert space Ὄ  by a closed potential energy sub-space of 

ὌȾ  in the form ὌȾ Ὄ ṧὌ . For the 1-component quanta ὼ ȡ В Ὡ ὼ•  ɴὌ  , 

† π, the corresponding αǿŀǾŜ ŜƴŜǊƎȅά ƛƴƴŜǊ ǇǊƻŘǳŎǘ in the form 
 

ὼ ȟώ ḧ ᷿ ὼ ȟώ ὼ ȟώ Ὠ†   

 

corresponds to the inner product of ὌȾ , i.e. ὼ ȟὼ ᴁὼᴁȾ  
 

(3) a composition of two energy Hilbert spaces in the form Ὄ ṧὌ , a mechanical energy field and a 
complementary dynamical energy field, equipped with mechanical resp. dynamical energy norms 
given by 

 
ᴁὼᴁ В ‗ὼ Њ ,   ὼ ḧ ὼȟ•  

resp. 

ᴁȿὼȿᴁ В ‗ ὼ  , ὼ ḧ ὼȟ•  . 

 
The considered 1-component Hilbert scales are compactly embedded in the form (*) 
 

Ὄ Ὀ ЎṒὌȾ ṒὌ ṒὌȾ ṒὌ ὒ ὒᶻṒὌ Ⱦ ὌȾ
ᶻ ṒὌ . 

 
Contrary to the ὌȾ Ὄ ṧὌ  case the composition Ὄ ṧὌ  of two energy Hilbert spaces provides two 

complementary (mechanical and dynamical) Hilbert energy space systems, whereby the dynamical energy 
Hilbert space Ὄ  is enabled by an appropriately defined Krein space decomposition of the extended Hilbert 
space Ὄ  enabling a correspondingly defined self-ŀŘƧƻƛƴǘ ŘȅƴŀƳƛŎŀƭ αpotental energy operatorάΦ The overall 

energy system in the form Ὄ ṧὌ Ὄ ṧὌ ṧὌ  with  Ὄ ḧ᷿ ὌȢ Ὠ† may be interpreted as a 

composition of explicate Ὄ ṧὌ  and implicate Ὄ  ordered energy systems in the sense of Bohm, (BoD1). 
 
The three mechanical atomic nuclei quanta ὔ ςά, ὔ ςὩ, and ὔ άὩ may be an alternative hydrogen 

model, where the molecular, the atomic, and the metallic hydrogen energy systems are represented by the 
explicate resp. implicate energy system pairs Ὄ ṧὌ ȟὌ , Ὄ ṧὌ ȟὌ ȟ Ὄ ṧὌ ȟὌ .  

 
The metallic hydrogen model may support wƻōƛǘŀƛƭƭŜΩǎ ǘƘŜƻǊȅ that the solar body is comprised of, and 
surrounded by, condensed matter, i.e. liquid metallic hydrogen, (RoP), (UnA4) (**). The sun surface shows 
mainly a pentagonal structure. On average they dissolve after 15 minutes, (UnA4) S. 85. An appropriate 

radiation (of light) model of the sun surface is enabled by the Prandtl operator ὖȡὌ ᴼὌ , for ρȾς ὶ ρ. 
(***)  
 

(*) The classical Laplace potential operator Ў is accompanied by the Hilbert space domain Ὄ . Its relation to the Banach space of 
continuous functions equipped with the ὒ  norm is ensured only for the space dimensions ὲ τ by the Sobolev embedding theorem Ὄ Ṓ
ὅ  for Ὧ ὲȾς. The standard domain of statistical thermodynamics is the reflexive Hilbert space Ὄ ὒ Ὄᶻ accompanied by αFourier 
wavesάΦ  The extended energy Hilbert space ὌȾ Ὄ ṧὌ  enables the application of wavelets, where the wavelet transform may be 

interpreted as a mathematical microscope, (HoM) 1.2, (BrK1), (BrK11). According to the Sobolev embedding theorem the related extended 
domain of the Laplacian operator ὌȾ provides only αalmostά continuous functions. However, the finite element method based on 

piecewise functions is applicable, (NiJ3). 
(**) It indicates a revisit of the related theory of atomic spectra and atomic structure based on the hydrogen nucleus (i.e. the proton resp. 
the hydrogen ion with atomic weigth 1) and the helium nucleus (i.e. the  particle consisting of 2 protons and 2 neutrons). 
(** ) In (RoP) it is proposed to consider condensed matter, especially metallic hydrogen, when pondering the phase of the Sun. In (RoP2) by a 
simple analysis it is shown that the oceans have a physical mechanism at their disposal, which is capable of generating the microwave 
background. 
(***)  The proposed ὌȾ ŜƴŜǊƎȅ IƛƭōŜǊǘ ǎǇŀŎŜ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ tƭŜƳŜƭƧΩǎ ŎƻƴŎŜǇǘ ƻŦ ǘƘŜ αstrength of a flow through a surfaceάΣ ό.ǊYммύΣ όtƭWύΦ Lǘ ƛǎ 

related to the (double layer potential) Prandtl operator ὖȡὌ ᴼὌ , where for ρȾς ὶ ρ the exterior Neumann problem admits one 
and only one generalized solution. 
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The extended ╗Ⱦ ╗ ṧ╗  energy Hilbert space 

 
The Hilbert space ὌȾ  is based on the Ὄ-self-adjoint mechanical energy operator. It enables isometric elliptic 

and parabolic partial differential operators. The composition ὌȾ Ὄ ṧὌ  is in line with the first generation 

of the Calderón-Zygmund operators, (MeY) p. 5, and /ŀƭŘŜǊƽƴΩǎ ǿŀǾŜƭŜǘǎΣ ǿƘƛŎƘ Ƴŀȅ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ŀ 
mathematical microscope analysis tool, (HoM) p. 8. The norm ᴁὼᴁȾ of the Hilbert (energy) space ὌȾ  is 

isometric to the inner product of 1ὼȟ0ὼ  (1, 0 denote the position & the momentum operator, playing a key 
role in the uncertainty principle governed by the Planck length, άǘƘŜ ǎŎŀƭŜ ŀǘ ǿƘƛŎƘ αǉǳŀƴǘǳƳ ŜŦfŜŎǘǎ ƻŦ ƎǊŀǾƛǘȅά 
are supposed to become importantάΣ ό¦ƴ!ύ ǇΦ мон), i.e., 10 01ὼȟὼ ḙ ὼȟὼ Ⱦ ᴁὼᴁȾ π P  ὼ π. 

 

The extended ὌȾ Ὄ ṧὌ  energy field equipped with the norm ᴁὼᴁȾ В ‗
Ⱦ
ὼ ᷿ᴁὼᴁȢ Ὠ† 

provides an alternative modelling framework  
 
- for current PDE specificly defined potential functions, like the potential function in the Schrödinger 
ŜǉǳŀǘƛƻƴΣ ƻǊ ǘƘŜ ŀƴƎǳƭŀǊ ƳƻƳŜƴǘǳƳ ƛƴ 5ƛǊŀŎΩǎ ǘƘŜƻǊȅΣ ό.ǊYсύΦ  

 
- to solve the non-linear, non-stationary 3D-Navier-Stokes millennium problem enabling global boundedness 

of the generalized energy inequality, (BrK9). In the context of the potential difference between the ‖-
quanta and the anti-‖-quanta ŀƴŘ aƛŜΩǎ ǊŜƭŀǘŜŘ ŎƻƴŎŜǇǘ ƻŦ ŀƴ αŜƭŜŎǘǊƛŎ ǇǊŜǎǎǳǊŜά ǿŜ ƴƻǘŜ ǘƘŀǘ the 
pressure ὴ in the NSE system can be expressed in terms of the velocity by the formula (*) 

 

ὴ В ὙὙ όόȟ , where ὙȟὙȟὙ  is the Riesz transform. 

 

- which is in line with the domains of the double layer (Prandtl) potential operator as applied, e.g. in 
aerodynamics. (* ) (** ) (*** ) 

 
Additionally, the underlying energy field Ὄ  enables isometric hyperbolic partial differential operators. The 

framework may support solutions to open questions or supports forgotten ideas, e.g. regarding 
 

o hyperbolic PDE operators for specific wave-type depending (e.g. undistored progressing 
wave) radiation problem (**** ) , (CoR) p. 760 ff. 
 

o the evolution problem in the Maxwell equations (** *** ) 
 

o 9ƛƴǎǘŜƛƴΩǎ ƭƻǎǘ ƪŜȅ of a variable speed of light (UnA1) 
 

o the full solution of the radiation problem in vacuum for arbitrary asymptotically flat initial 
data sets, (KlS). 

 
(*) Under rotation in Ὑ  the Riesz operators transform in the same manner as the components of a vector, (SteE)  III, 1.2. 
The Stokes operator is a projector from ὃȡ ὒᴼὒȡ ὺȿὺᶰὒ Ὠ᷈Ὥὺὺ π. The Hilbert scale is built on the Stokes operator on  Ṗ

Ὑ  (ὲ ς) in the form ὃ ᷿ ‗ὨὉ. The Stokes operator enables the definition of a related Hilbert scale (ᶰὙ) with a corresponding 

norm ᴁόᴁȡ ὃȾό , enabled by the corresponding positive selfadjoint fractional powers  ὃ ᷿ ‗ὨὉ  , ρ  ρ, ((SoH), IV15). 

The corresponding Stokes semi-group family Ὓὸ  is built on the everywhere bounded, positive selfadjoint operator Ὓὸȡ Ὡ ȡ

᷿ Ὡ ὨὉȿ‗ πȟὸ π. 

The Leray-Hopf projector ὖ ὍὨὙṧὙ ȡὍὨὗ ὍὨ
ṧ
ὍὨɲ ᶯ ᶯ is an orthogonal projection, (BrK9). 

(** )  The Prandtl operator 0 fulfills the following properties, (LiI), Theorems 4.2.1, 4.2.2, 4.3.2: 
 

o the Prandtl operator ὖȡὌ ᴼὌ  is bounded for π ὶ ρ 

o the Prandtl operator 0ȡ( ᴼ(  is Noetherian for π ὶ ρ 
o for ρȾς ὶ ρ, the exterior Neumann problem admits one and only one generalized solution 

 
 

(** *) It is also in line with the Teichmüller theory & the universal period mapping via quantum calculus, (NaS) 
(**** )  ¢ƘŜ /ƻǳǊŀƴǘ ŎƻƴƧŜŎǘǳǊŜΥ αrelatively undistorted spherical waves relate to the problem of transmitting with perfect fidelity signals in all 

directions. All we can do here is to formulate a conjecture which will be given some support in article 3: Families of spherical waves for 
arbitrary time-like lines exist only in the case of two or four variables, and then only if the differential equation is equivalent to the wave 
equation. A proof of this conjecture would show that the four-dimensional physical space-time world of classical physics enjoys an essential 
distinctionάΣ ό/ƻwύΣ ǇΦ тсоΦ 
(***** )  The operator concerned with the time-ƘŀǊƳƻƴƛŎ aŀȄǿŜƭƭ Ŝǉǳŀǘƛƻƴ ŀƴŘ ǘƘŜ ǊŀŘƛŀǘƛƻƴ ǇǊƻōƭŜƳ ƛǎ ǘƘŜ 5Ω!ƭŜƳōŜǊǘ ƻǇŜǊŀǘƻǊ ǊŜƭŀǘŜŘ ǘƻ 
the wave equation: όḧό Ўό . The electrodynamic in the special relativity theory is described by the four-vector formalism of the 

space-time given by the equation ὃᴆ ᴆ, with the four-vector potential ὃᴆ, where its curvature determines the electric and magnetic field 

forces, and ᴆ denotes the four-current-density. The solution of time-harmonic Maxwell equations in a vacuum leads to the Helmholtz 
equation. The fundamental solution of the Helmholtz equation at the origin is given by spherical wave fronts. The time-dependent 
magnetic field has the form of the Hertz dipole centered at the origin, (KiA) p. 1 
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The Dirac2.0 ╗ ṧ╗ⱥ energy Hilbert spaces 
 
The modelling layer Ὄ ṧὌ  may be interpreted as a Dirac2.0 model. The two connected complementary 
mechanical & dynamical Hilbert (energy) field systems in the form Ὄ ṧὌ  overcome current challenges of 
Dirac's single (electron) system model (*), e.g., they make the ίὴὭὲρȾς hypothesis obsolete (* *). The Dirac2.0 
model is in line with the mathematical formalism of HeisenbergΩǎ unified field theory with the cornerstones of 
an indefinite metric in a Hilbert space and the ŎƻƴŎŜǇǘ ƻŦ αdegeneracy of the ground stateά (***). The related 
three nucleus types of the Dirac2.0 model are in line with the properties of electric & magnetic conductors resp. 
isolators enabling appropriate links to solid state physics. (****)  

 
Temperature is basically nothing else than the mechanical energy on microscopic level and on the macroscopic 
level (gravitational) potential is simply energy per mass (**** *). The Dirac2.0 model provides an appropriate 
modelling framework to explain related ƳŀŎǊƻǎŎƻǇƛŎ ǉǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎǎΦ Lǘ ŀƭǎƻ ǎǳǇǇƻǊǘǎ 5ƛǊŀŎΩǎ Mach2.0 
principle, connecting between cosmology and elementary partices, (UnA1) p. 156. (** ****) 
 
 

(*) It overcomes several issues resp. required modelling adaptions of the Dirac model, like the Lamb shift phenomenon and the related 
background degeneracy with the hidden ὛὟςṧὛὟς symmetry of the Coulomb problem, (RoH) p. 163:  
Dirac's single (electron) system model is the sum of three terms, one representing the energy of the atom, a second representating the 
electro-magnetic energy of the radiation field, and a small term representing the coupling energy of the atom with the radiation field, (FeE) 
(**)  The ίὴὭὲρȾς hypothesis is a consequence of the Stern-Gerlach experiment demonstrating that in quantum physics the spatial 
orientation of angular momentum is quantized. The experimental observations of the spectra of atoms and their decomposition into 
magnetic and electric fields showed a decomposition of spectral lines or of electron beams into an even number of components, while the 
angular momentum multiplets were only composed by an odd number of multiplets with the numbers ςὰ ρ, (RoH) p. 217. The Dirac2.0 
ὌṧὌȢ model is characterized by an orthogonal composition of a mechanical and a dynamical energy Hilbert space.  5ƛǊŀŎΩǎ όƻƴŜ ǎȅǎǘŜƳ 
based) radiation theory of an electron is accompanied by a decomposition of the Dirac equation into two components and a related spin-
orbit operator. Its eigenvalues correspond to the eigen-states of the relativistic movement of an electron in an electric field. In case of the 
hydrogen atom 5ƛǊŀŎΩǎ ŜƛƎŜƴŦǳƴŎǘƛƻƴ ǎƻƭǳǘƛƻƴǎ ŀǊŜ ǎƻƭǾŜŘ Ƴȅ separation of linear and radial variables, i.e., the two-component spin-orbit 
operator is decomposed into linear and radial components, (MaW) S. 65 ff.. {ƻƳƳŜǊŦŜƭŘΨǎ ŦƛƴŜ ǎǘǊǳŎǘǳǊŜ Ŏƻƴǎǘŀƴǘ is required in order to 
ensure convergent power series representations of the related radial components of the solutions of the hydrogen atom in a Coulomb 
potential field, (MaW) S. 75. In simple words, an obsolete spin(1/2) hypothesis required for the Dirac1.0 model makes the related 
(relativistic) spin-orbit operator and the fine structure constant, which is a purely mathematically required constant to ensure convergent 
power series, obsolete. 
(*** ) The subject of an indefinite inner product space first appeared in a paper of Dirac (DiP3) on quantum field theory. Soon afterwards, 
Pontrjagin (PoL) gave the first mathematical treatment of an indefinite inner product space, (BoJ) preface. 

 

αtƻƴǘǊƧŀƎƛƴΩǎ ǿƻǊƪ ǿŀǎ ŎƻƴǘƛƴǳŜŘΣ ŀōƻǾŜ ŀƭƭΣ ōȅ aΦ DΦ YǊŜƛƴ ŀƴŘ LΦ {Φ LƻƪƘǾƛŘƻǾΦ ¢ƘŜȅ ŀȄƛƻƳŀǘƛȊŜŘ tƻƴǘǊƧŀƎƛƴΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ŎƻƳplex spaces with an indefinite 
metric,  Χ ΦaΦ DΦ YǊŜƛƴ ŀƭǎƻ ǎǘǳŘƛŜŘ ǊŜŀƭ ǎǇŀŎŜǎ ƛƴ ŎƻƴƴŜŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ǎƻ-called Lorentz transformation and also in connection with the theory of screw curves in 
infinite-dimensional Lobachevskiy spacesάΣ ό!Ȋ¢ύ ǇΦ ǾƛƛΦ 

 

(****)  Temperature is basically nothing else than the average kinetic energy of a particle on microscopic level established by the law of 

nature άὺ ὯὝ, (UnA1) p. 181. Superconductivity and superfluidity, and atomic Bose-Einstein condensates are macroscopic quantum 

ƳŜŎƘŀƴƛŎǎ ǇƘŜƴƻƳŜƴŀ ǾƛǎƛōƭŜ ƻƴƭȅ ōȅ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜΣ ό!ƴWύΦ [ŀƴŘŀǳΩǎ CŜǊƳƛ-liquid theory is a theoretical model of interacting fermions 
that describes the normal state of the conduction electrons in most metals at sufficiently low temperatures, (Wikipedia): 
 

ό/ƭwύ ǇΦ оонΥ αAfter the discovery of the spin density fluctuations in Fermi liquids there has been considerable interest in deviations from the Landau theory of ὌὩ.Spin 

fluctuations have two effects: (1) they change the single-particle excitation spectrum and (2) act as a collective resonance of the system, both leading to Ὕὰὲ contributions to 

the specific heat of ὌὩ for examples.       An adequate starting point for the thermodynamics of a Fermi liquid with Fermi and Bose-like excitations would be the propagator 
and vertex renormalized representation of the thermodynamical potential ὣ as given for example by Bloch. The elementary excitation spectrum enters through the 
singularities of the two and four point functions. Unfortunately this functional has a very complicated analytical structure.ά 
 

αLƴ ǎƻƭƛŘ ǎǘŀǘŜ ǇƘȅǎƛŎǎ ǘƘŜǊŜ ƛǎ ǘƘŜ αŦǊŜŜ ŜƭŜŎǘǊƻƴ ƳƻŘŜƭ ƻŦ ƳŜǘŀƭά ǇǊƻǾƛŘƛƴƎ ƛƴǎƛƎƘǘ ƛƴǘƻ ǘƘŜ ƘŜŀǘ ŎŀǇŀŎƛǘȅΣ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǘƛvity, electrical conductivity, magnetic susceptibility, 
and electrodynamics of metal. But  the model fails to hepl us with other large questions: te occurence of positive values of the Hall coefficient; the relation of conduction 
electrons in the metal to the valence electron of free atoms; and many transport properties, particularly magnetotransport. We need to have a less naive theory, and 
fortunately it turns out that almost any simple attempt to improve upon the free electron model is enormmously profitableάΣ όYƛ/ύ ǇΦ мсоΦ 

 

(**** *)  9ƛƴǎǘŜƛƴΩǎ Ƴŀǎǎ-energy conservation law Ὁ άὧ and the definition of temperature in the form ὯϽ  are only valid for 

mechanical energy Hilbert space governed laws., e.g. (FiW), (VoH).  

(*** ***)  5ƛǊŀŎΩǎ α[ŀǊƎŜ bǳƳōŜǊ IȅǇƻǘƘŜǎƛǎά ƭƛƴƪǎ ǘƘŜ ǎƛȊŜ ŀƴŘ Ƴŀǎǎ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜ ǿƛǘƘ ǘƘŜ Ǌŀǘƛƻ ƻŦ ǘƘŜ ǘǿƻ ŦƻǊŎŜǎ ŀǘ ǿƻǊƪ ǿƘŜƴ ŀ αǇǊƻǘƻƴά 
ŀƴŘ ŀƴ αŜƭŜŎǘǊƻƴά ƛƴ ŀ ƘȅŘǊƻƎŜƴ ŀǘƻƳ ƻǊōƛǘ ƻƴŜ ŀƴƻǘƘŜǊΣ ό¦ƴ!мύ ǇΦ мрнΦ 
 

αIt is my conviction that general relativity is deeply Machian in a sense that unfortuntely Einstein never managed to pinpoint accurately and that preciscly this very 
Machian nature of general relativity is the main cause of the difficulties that stand in the way of its quantizationάΣ ό.ŀWύ ǇΦ ртмΦ 

 

On the macroscopic level potential is simply energy per mass: 
 

αThe enigmatic formula Ὃ ὧ , ὓ ȟὙ  total mass resp. the visible radius of the universe, can be interpreted as the equivalence (in this superfical view)  of the 

ƪƛƴŜǘƛŎ ŀƴŘ ǇƻǘŜƴǘƛŀƭ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜΦ Χ ²ƘŜǊŜŀǎ ǘƘŜ ǊŜƭŀǘƛƻƴ Ὃ ὧ  as such is only numerical, Schrödinger went one step further and realized that the 

concept of the gravitational potential  was concealed in the formula. Potential is simply energy per mass, for which Newton had derived an expression in his theory 

of gravitation: • , when a mass is at a distance ὶ from the sun with mass ὓΣά (UnA1) p. 117, see also (UnA2) p. 69 
 

5ƛǊŀŎΩǎ ƻōǎŜǊǾŀǘƛƻƴǎ ƭŜŀŘƛƴƎ ǘƻ Ƙƛǎ ƭŀǊƎŜ ƴǳƳōŜǊǎ ƘȅǇƻǘƘŜǎƛǎΣ όό¦ƴ!ύ ǇΦ нррύ ƛǎ ŀōƻǳǘ ǘƘŜ ŎƻƛƴŎƛŘŜƴŎŜ ƻŦ ǘƘŜ two relations 

ρπ ρπ and 
Ͻ Ͻ Ͻ

Ͻ Ͻ Ͻ
ςȟσϽρπ; (ὶ πȟψτϽρπ ά resp. ά ρȟφχςφϽρπ ὯὫ denote the radius resp. the mass of the 

proton, and Ὂ resp. Ὂ denote the electric resp. the gravitational force). It establishes the connection between cosmology and 

elementary partices formulated in the form  †Σ όΰŜǇƻŎƘΨύΣ ό¦ƴ!нύ ǇǇΦ тоκтфκууΦ  

ό5ƛtнύΥ αBy measuring along the time-axis with respect to which the matter in the neighbourhood of the point is at rest, we get an 
absolute measure of time (of the visible universe horizon), called the epochά; Χ ƻƴƭȅ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ƻŦ ǘǿƻ ŜǇƻŎƘǎ Ŏŀƴ ŜƴǘŜǊ ƛƴǘƻ 
laws of nature Χ 
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b. Proof of Concept of the 2-component energy fields 
 
The 2-component dynamical energy fields are defined by a pair of dynamical energy field Ὄ Ὄ  (where 

Ὄ Ὄ ṧὌ  and  Ὄ ḧ᷿ ὌȢ Ὠ†) equipped with dynamical energy norms given by ᴁȿὼȿᴁ В ‗ ὼ  
(*) . There are three related types of 2-component energy fields (* )   
 

- electromagnetism quanta dynamics:  Ὄ Ὄ Ὄ Ὄ  
 

- plasma quanta dynamics:    Ὄ Ὄ Ὄ Ὄ  
 

- vacuum quanta dynamics:   Ὄ Ὄ Ὄ Ὄ . 

 
 They are compactly embedded in the form 
 

Ὄ Ὄ ṒὌ Ὄ ṒὌ Ὄ .  (**) 

 
The conservation laws of the three 2-component layers, i.e., the invariant quantities of the related 2-
component energy fields are governed by the two isomorphic normal subgroups of the group Ὓὕτ. The 
group Ὓὕτ is no simple Lie group. Beside the group Ὓ (the unit quaternions of the quaternion algebra ȿ╗) it 
contains isomorphic normal subgroups ὋḧὛ Ὡ, ὋḧὩ Ὓ , where  denotes the surjective 

orthogonal mapping ὥȟὦḊ ȿ╗ O  ȿ╗ , ὼ O ὥὼὦ, (EbH) (*). In this sense, the two normal subgroups of the 
group Ὓὕτ are strongly related to the complex Lorentz group Ὓ Ὓ ḙὛὟς ὛὟς, the hidden 
symmetry group of the Coloumb problem and the related Rydberg spectrum. (** )   
 
Note: R. CŜȅƴƳŀƴΥ αbƻǿ ȅƻǳ Ŏŀƴ ƭƻƻƪ ōŀŎƪ ŀƴŘ ǎŀȅ ǘƘŀǘ tŀǳƭƛΩǎ ǎǇƛƴ ƳŀǘǊƛŎŜǎ ŀƴŘ ƻǇŜǊŀǘƻǊǎ (*** ) are nothing but 
IŀƳƛƭǘƻƴΩǎ ǉǳŀǘŜǊƴƛƻƴǎάΣ ό¦ƴ!нύ ǇΦ мро, (FeR). 
 
The Maxwell-aƛŜ ƳƻŘŜƭ ǇǊƻǾƛŘŜǎ αa good mathematical way to describe quantum electrodynamicsά όŀǾƻƛŘƛƴƎ 
αrenormalization, which is not mathematically legitimateάύΣ as requested/stated by R. Feynman, (UnA) p. 218. 
 

The Maxwell-Mie models of the two dynamical energy fields Ὄ Ὄ  and Ὄ Ὄ  
make the Yang-aƛƭƭǎ ǘƘŜƻǊȅ ƻōǎƻƭŜǘŜΣ ƛΦŜΦ ǘƘŜ α¸ŀƴƎ-aƛƭƭǎ Ƴŀǎǎ ƎŀǇά ǇǊƻōƭŜƳ ŘƛǎŀǇǇŜŀǊǎ (** ). Needless to say, 
that due to the concept of cohesive pressures there is no need for any αattractiveά strong interaction αforceάΦ 
 
 
(*) Note: H. Weyl: "G. Mie in 1912 pointed out a way of modifying the Maxwell equations in such a manner that they might possibly solve the 
problem of matter, by explaining why the field possesses a granular structure and why the knots of energy remain intact in spite of the 
back-and-ŦƻǊǘƘ ŦƭǳȄ ƻŦ ŜƴŜǊƎȅ ŀƴŘ ƳƻƳŜƴǘǳƳΦ ΦΦΧ ¢ƘŜ ǇǊŜǎŜǊǾŀǘƛƻƴ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ƪƴƻǘǎ Ƴǳǎǘ ǊŜǎǳƭǘ ŦǊƻƳ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ƳƻŘƛŦƛŜŘ ŦƛŜƭŘ 
laws admit only of one state of field equilibrium Χ ¢ƘŜ ŦƛŜƭŘ ƭŀǿǎ ǎƘƻǳƭŘ ǘƘǳǎ ǇŜǊƳƛǘ ǳǎ ǘƻ ŎƻƳǇǳǘe in advance charges and mass of the 
electron and the atomic weights of the various chemical elements in existence. And the same fact, rather than contrast of substance and 
field, would be the reason why we may decompose the energy or inert mass of a compound body (approximately) into the non-resolvable 
ŜƴŜǊƎȅ ƻŦ ƛǘǎ ƭŀǎǘ ŜƭŜƳŜƴǘŀǊȅ ŎƻƴǎǘƛǘǳŜƴǘǎ ŀƴŘ ǘƘŜ ǊŜǎƻƭǾŀōƭŜ ŜƴŜǊƎȅ ƻŦ ǘƘŜƛǊ Ƴǳǘǳŀƭ ōƻƴŘά, (WeH1) pp. 171/172 
 

In 1905 H. Poincaré introduced an auxiliary force acting in form of a pressure on the surface of an electron, so to speak a kind of elastic skin 
ƳƻŘŜƭ ƻŦ ŀƴ ŜƭŜŎǘǊƻƴΣ όWǸCύ ǊŜǎǇΦ IΦ tƻƛƴŎŀǊŞΣ {ǳǊ ƭŀ ŘȅƴŀƳƛǉǳŜ ŘŜ ƭΩŜƭŜŎǘǊƻƴΣ wŜƴŘƛŎƻƴǘƛ ŘŜƭ /ƛǊŜΦ aŀǘΦ 5ƛ tŀƭŜǊƳƻ нмΣ мфлсΣ p. 129-176 
 

Note: The Yang-Mills theory is the generalization of the Maxwell theory of electromagnetism, where the chromo-electromagnetic field 
itself carries charges. As a classical field theory it has solutions which travel at the speed of light so that its quantum version should 
describe massless particles (gluons). However, the postulated phenomenon of color confinement permits only bound states of gluons, 
forming massive particles. This is the mass gap. The physical ("color") confinement challenge is that the phenomenon that "color-charged" 
ǇŀǊǘƛŎƭŜǎ όǎǳŎƘ ŀǎ ǉǳŀǊƪǎ ŀƴŘ Ǝƭǳƻƴǎύ ƘŀǾŜ ƴƻǘ ōŜŜƴ ƛǎƻƭŀǘŜŘ ǳƴǘƛƭ ǘƻŘŀȅΦ !ƴƻǘƘŜǊ ŎƘŀƭƭŜƴƎŜ ƻŦ αŎƻƴŦƛƴŜƳŜƴǘά ƛǎ ŀǎȅƳǇǘƻǘƛŎ ŦǊeedom which 
makes it conceivable that quantum Yang-Mills theory exists without restriction to low energy scales. 
 

(**) Note: The (top down) approximation ƳƻŘŜƭƭƛƴƎ ƭŀȅŜǊǎ ǎǘŀǊǘǎ ŦǊƻƳ ǘƘŜ ƭŜŦǘ ǘƻ ǘƻ ǊƛƎƘǘΦ Lƴ ōƻǘƘ ŎŀǎŜǎΣ ǘƘŜ αŀǇǇǊƻȄƛƳŀǘƛƻƴ ƳƻŘŜƭά ƛƴ ŀ 
compactly embedded sub-ǎǇŀŎŜ ƛǎ ƎƻǾŜǊƴŜŘ ōȅ ǘƘŜ αƭŜŀǎǘ ŀŎǘƛƻƴ ǇǊƛƴŎƛǇƭŜά όǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ƴŀǘǳǊŜύ ǊŜǎǇΦ ōȅ ǘƘŜ αŜƴŜǊƎȅ 
ƳŜǘƘƻŘάΣ ό±Ŝ²ύΦ The appropriate numerical approximation methods in a 2-component energy field system are given by the (mixed) finite 
ŜƭŜƳŜƴǘ ƳŜǘƘƻŘǎΣ ό!Ǌ!ύΣ ό.ǊYмлύΣ ό±Ŝ²ύΦ ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ ǎǘŀƴŘŀǊŘ αƛƴŦ-sup-ŎƻƴŘƛǘƛƻƴά ǿƘŜǊŜ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ .ŀƴŀŎƘ 
spaces coincide and are the Cartesian product of two Hilbert spaces ὢ ὣ Ὄ Ὄ is provided in (NiJ2); see also (LaC) 
 

Note: The article (DeH) explains all known tests of the (GRT) theory with variable speed of light with the following conclusion: 
 

Es wäre demnach konsequent, den Gültigkeitsbereich der allgemeinen Relativitätstheorie grundsätzlich auf das 
makroskopische Verhalten der Körper einzuschränken und darauf zu verzichten, die Raum-Zeit-Struktur der allgemeinen 
Relativitätstheorie bis in die Dimensionen der Elementarteilchen und Atome fortzusetzen 

 

(** ) For more details about the underlying simple quaternion rotation operator see (KuJ) p.127. The two components of the complex Lorentz 
group are the 1-transformation and space-time inversion, and the space and time inversions, (StR). It is the same symmetry group as for 
the Coloumb problem and the related Rydberg spectrum, (RoH) p. 163 
(***) (PeR4) p. 619 
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The electromagnetic ╗▄■▄╬◄►▫◄▫▪╗□╪▌▪▄◄▫▪ based quanta dynamics 
 
The Mie Theory is basically about a new physical concept of "cohesive electric pressure". It overcomes current 
modelling challenges of the Maxwell equations concerning the electromagnetic currents. The Maxwell-Mie 
model of the αŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ quanta dynamics" may be interpreted as "cohesive electric & magnetic 
pressures". It is ƛƴ ƭƛƴŜ ǿƛǘƘ [ŜŜŘǎƪŀƭƴƛƴΩǎ ŎƭŀƛƳΣ ǘƘŀǘ ƳŀƎƴŜǘƛŎ ŀƴŘ ŜƭŜŎǘǊƛŎ ŎǳǊǊŜƴǘ ƛǎ όōŀǎƛŎŀƭƭȅύ ǘƘŜ ǎŀƳŜΦ Lǘ 
delivers an explaning of Ehrenhaft's discovery of the photophoresis phenomenon and his related observations 
ǘƘŀǘ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ αƭƛƎƘǘ ǇŀǊǘƛŎƭŜǎά ƛƴ ŀ ŦƛŜƭŘ όƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ŀƴ ƻŎŎǳǊƛƴƎ centripetal force) do not run 
in straight lines, but run in paths in extremely regular forms, sizes and orbital frequencies, (EhF), (EhF1), (LeE). 
Ehrenhaft's observation is also in line with Schauberger's "screw movement and implosion theory", that Nature 
tries to prevent straight movement prefering planetary resp. cycloidal movements, (AlO) p. 222, (LaS) S. 226. 
 
 

The plasma ╗▄■▄╬◄►▫▪╗▬▫▼░◄►▫▪ based quanta dynamics (*) 
 

This modelling framework of the plasma quanta dynamics 
 

- overcomes the current physical modelling issue of the observed Landau damping phenomenon (It is a 
characteristic of collisionless plasmas, i.e. a wave damping without energy dissipation by elementary 
particle collisions), where there are a linear and a non-linear mathematical Landau damping model, 
meaning that the phenomenon conceptually must arise from different physical effects, (ChF) p. 248-
249 
- provides an appropriate modelling framework for phase-space behavior peculiar to collisionless 
systems, like the capability of stars to organize themselves in a stable arrangement, (ShF) p. 401 
- enables an explanation of the spiral movements of stars, (ChF) p. 245, (ShF) p. 402 
- is in line with the global nonlinear stability of the Minkowski space, (ChD) 
- is in line with current statements that about 99% of the matter in the universe is in plasma state, 
(ChF) p.1 
- provides an explanatory model (as a matter generation process) for the echo of the early universe, 
the "Cosmological Background Radiation", see also (RoP2) 
- ǇǊƻǾƛŘŜǎ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪ ŦƻǊ αŎƻƭŘάΣ αƳŜŘƛǳƳάΣ ŀƴŘ αƘƻǘά ǇƭŀǎƳŀ. (** ) 

 
(*) Note: Plasma is an ionized gas consisting of approximately equal numbers of positively charged ions and negatively charged electrons. 
The number of neutral particles (atomes or molecules) is irrelevant for the definition of a plasma. The number of positively and negatively 
charged particles per considered volume element may be arbitrarily small oder arbitrarily large, but both numbers need to be 
approximately identical (in order to have no internal macroscopic electrostatic  fields, (BiJ) p. 46. The interactions of positively charged ions 
and negatively charged electrons are determined by long-range electrical forces.  
 

The Landau damping phenomenon is a characteristic of collisionless plasmas. It is a wave damping without energy dissipation by 
elementary particle collisions, i.e., it is about the possibility of resonance between the wave phase velocity and the velocity of individual 
electrons. 
 

ό5Ŝwύ ǇΦ фпΥ α¢ƘŜ [ŀƴŘŀǳ ŘŀƳǇƛƴƎ ǇƘŜƴƻƳŜƴƻƴ ƛǎ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŜƭŜŎǘǊƻ-magnetic forces, which weaken themselves spontaneously over time w/o 
increase of entropy or friction. Landau damping involves a flow of energy between single particles on the one hand side, and collective excitations of plasma on the other 
side".  
 

NoteΥ bŜŀǊƭȅ ŀƭƭ ƻŦ ǘƘŜ ƳŀǘǘŜǊ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜ Ŏƻƴǎƛǎǘǎ ƻŦ ϦǇƭŀǎƳŀϦΦ {ƛƳƛƭŀǊ ǘƻ ǘƘŜ ƴƻǘƛƻƴ αŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜάΣ ǘƘŜǊŜ ƛǎ ƴƻ ǳƴƛque 
mathematical-ǇƘȅǎƛŎŀƭ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ƴƻǘƛƻƴ αǇƭŀǎƳŀ ǇŀǊǘƛŎƭŜάΦ ¢ƘŜ ƪŜȅ ŘƛŦŦŜǊŜƴǘƛŀǘƻǊ ōŜǘǿŜŜƴ ǇƭŀǎƳŀ ǘƻ ƴŜǳǘǊŀƭ Ǝŀǎ ƻǊ ƴŜǳǘǊal fluid is 
the fact that its electrically positively and negatively charged kinematical particles are strongly influenced by electric and magnetic fields, 
ǿƘƛƭŜ ƴŜǳǘǊŀƭ Ǝŀǎ ƛǎ ƴƻǘΦ /ƻƴŎŜǇǘǳŀƭƭȅΣ αǇƭŀǎƳŀ ǇŀǊǘƛŎƭŜǎά ƴŜŜŘ ǘƻ ŦǳƭŦƛƭƭ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘǿƻ ǇǊŜ-requisites, (CaF) p. 1: 
 

(1) there must be electromagnetic interactions between charged particles 
(2) the number of positively and negatively charged particles per considered volume element may be arbitrarily small oder 
arbitrarily large, but both numbers need to be approximately identical. The number of neutral particles (atomes or molecules) is 
irrelevant for the definition of a plasma. 

 

Note: The "plasma quanta dynamics" provides a new plasma dynamics theory overcoming current challenges like hot, cold, and medium 
plasma "matter types ϦΦ tƭŀǎƳŀ ǘȅǇŜ ƳŀǘǘŜǊ ƳŀƪŜǎ фф҈ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜΩǎ ƳŀǘǘŜǊΦ Lƴ ŎǳǊǊŜƴǘ ŎƻǎƳƻƭƻƎƛŎŀƭ ƳƻŘŜƭǎ ŀƭƭ ƻōǎŜǊǾŀǘƛƻƴǎ ŀǊŜ ōŀǎŜŘ 
on electromagnetic information. However, the current plasma dynamics theories are decoupled from the electromagnetic dynamics 
governed by the Maxwell equations. 
 

(**) Putting ὖ ḧ άȟ and ὖ ḧ Ὡȟ“ ǘƘŜ ǘƘǊŜŜ ŎŀǎŜǎ ƻŦ αǇƭŀǎƳŀ ƳŀǘǘŜǊά ǇƻǘŜƴǘƛŀƭǎ όŎƻƭŘΣ αƳŜŘƛǳƳάΣ Ƙƻǘύ ŀǊŜ ƳƻŘŜƭƭŜŘ ōȅ ǘƘŜ 
following two-component-particle scheme: 

  

LƻƴƛȊŀǘƛƻƴ ƻŦ Χ LƻƴƛȊŀǘƛƻƴά ǇŜǊŎŜƴǘŀƎŜ two-component mechanical 
quanta pair 

Two-component 
dynamical quanta pair 

ὖȟὖ ȟὖȟὖ  0% (cold plasma) άȟὩ ȟ“ 

ὖȟὖ ȟὖȟὖ  100% (hot plasma)  Ὡȟὴ 

αƳŜŘƛǳƳά ϽΠŎƻƭŘҌϽ̡ΠὬέὸ ϽΠάȟὩ ϽΠὩȟὴ 
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The vaccum ╗▄■▄╬◄►░▪▫╗▬▫▼░◄►░▪▫ based quanta dynamics (*) 
 

The related quanta pair, the electrino and the positrino, are the baseline quanta generating all composed 
quanta according to the above quanta scheme. The creation process is governed by probabiltity theory based 
ƻƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ α{ƘƴƛǊŜƭΨƳŀƴ densitiesά of the odd and even integers, (NaM)Φ ¢ƘŜ αPrinciple of Natureά ƛǎ, that 
each composed ŎƻƳǇƻƴŜƴǘ ǘŜƴŘǎ αǘƻ ǊŜŘǳŎŜά ōŀŎƪ its potential to the least vacuum potential. This αvaccum 
potentialά is defined by the self-adjoint potential energy operator generated by the electrino-positrino 
potentials of the related underlying Krein space. This operator might be an appropriate alternative model to 
the Berry-Keating operator. 
 
This modelling framework of the vaccum quanta dynamics  
 

- is ƭƛƴŜ ǿƛǘƘ tƭŀƴŎƪΩǎ ǎǘŀǘŜƳŜƴǘΣ ǘƘŀǘ αƳŀǎǎ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ǘƘŜ ƳŀƴƛŦŜǎǘŀǘƛƻƴ ƻŦ ǘƘŜ αǾŀŎŎǳƳ ŜƴŜǊƎȅά (** ) 
 
- is in line with the observed deviation from the iso-spin-symmetry in electrodynamics, which has 
taken by Heisenberg as indication for an asymmetry of the ground state, (DüH) 
 
- ǇǊƻǾƛŘŜǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ƳƻŘŜƭ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘ ŎƻƴŎŜǇǘ ƻŦ ϦŘŀǊƪ ŜƴŜǊƎȅά ŀǎ ŀ 
cosmological characteristic of empty space 
 
- provides an alternative model to the Theory of Inflation, which does not provide any explanation 
ǿƘŜǊŜ ǘƘŜ ŀǎǎǳƳŜŘ αŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜǎά ŀǊŜ ŎƻƳƛƴƎ ŦǊƻƳ ŀƴŘ ǿƘȅ ǘƘŜƛǊ Ƴŀǎǎ ƘŀǾŜ ǘƘŜƛǊ ǎǇŜŎƛŦƛŎ 
values. It avoid the currently assumed prerequisite to kick off the inflation process, the "Big Bang"; 
"Even though it was the biggest black hole ever, it then exploded", (DeK) p. 3, (PeR) p. 444. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(*) Note: Big Bang models follow from a number of (rather simplifying) mathematical assumptions, e.g. (1) homogeneity of space, (2) 
isotropy of space, (3) matter can be described as perfect fluid, (4) laws of physics are the same everywhere, (LaM) p. 7. The most advanced 
ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ƎŀƭŀŎǘƛŎ ŘȅƴŀƳƛŎǎ ƛǎ ŀōƻǳǘ αequilibria of collisionless systemsάΣ όό.ƛWύΦ bŜŀǊƭȅ ŀƭƭ ƻŦ ǘƘŜ ǳƴƛŎŜǊǎŜΩǎ 
ƳŀǘǘŜǊ ƛǎ αin plasma stateάΦ IƻǿŜǾŜǊΣ ǘƘŜ Ƴƻǎǘ ŀŘǾŀƴŎŜŘ ǇƭŀǎƳŀ ŘȅƴƳŀƛŎǎ ƳƻŘŜƭǎ ŀǊŜ ŀōƻǳǘ ǎǘŀǘƛǎǘƛŎŀƭ ǘƘŜƻǊƛŜs, (e.g. accompanied by the 
Fokker-Planck equation and the Vlasov equation) or Magnetohydrodynamics assuming a macroscopic hydrodynamic bahavior of the 
plasma gas, (CaF). In both cases, the fundamental defining property of a plasma gas is neglected, that there are approximately the same 
(arbitrarily small or large) numbers of positive and negative charge carries. 
 

Note: According to the "Big Bang Theory" in the early universe pressures and temperature prevented the permanent establishment of 
elementary particles. None of the invented elementary particles of the SMEP were able to form stable objects until the universe had cooled 
beyond the so-called "supergravity phase". "At the end of the famous first three minutes after the Big Bang the universe was made up of 
mainly light, neutrinos and anti-neutrinos", (WeS). If a neutrino resp. an anti-neutrino is interpreted in the proposed quanta scheme as an 
electrino-positrino resp. positrino-electrino pair the creation of plasma quanta pairs, (layer (5)), up to the three types of atomic nuclei, 
(layer (3)), according to the proposed quanta scheme can happen randomly basically governed by the different mathematical 
"distributions" of the two basic mathematical "vacuum elements", the electrino and the positrino. The probabilities of such events may be 
approximately estimated by their current estimated distribution in the universe; by design they will be significantly higher than the 
probability that "in order to produce an universe resembling the one in which we live the Creator would have to aim for an absurdly tiny 
ǾƻƭǳƳŜ ǇƘŀǎŜ ǎǇŀŎŜ ƻŦ ǇƻǎǎƛōƭŜ ǳƴƛǾŜǊǎŜǎ Χ ŦƻǊ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ", (PeR) p. 444. 
 

(**)  Note: The "matter type creation" process starts upwards from the vacuum quanta layer governed by two mathematically defined 
vacuum densities. 
 

Note: The "universe formation" of plasma matter is governed by the "Landau damping" effect, which therefore becomes a characteristic of 
the "plasma quanta dynamics" layer. 
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6. Additional notes 
 

a. Mathematics, natural sciences, and all that 
 
Note (wΦ tŜƴǊƻǎŜΩǎ αwƻŀŘ ¢ƻ wŜŀƭƛǘȅάύΥ wΦ tŜƴǊƻǎŜΩǎ αwƻŀŘ ¢ƻ wŜŀƭƛǘȅά ƎƛǾŜǎ ŀ ŎƻƳǇƭŜǘŜ ƎǳƛŘŜ ǘƻ ǘƘŜ ǇƘȅǎƛŎŀƭ 
laws of the universe on the basis of current physical paradigms accompanied by supporting mathematical tools.  
 
Note (current paradigm in physics): The physical models in different physical areas are decoupled and 
ŘƛŦŦŜǊŜƴǘƭȅ ǎŎŀƭŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ƎǊŀƴǳƭŀǊƛǘȅ όŜΦƎΦΣ ǘƘŜ α{a9tά-layer, the 
αǘƘŜǊƳƻŘȅƴŀƳƛŎǎά ƭŀȅŜǊΣ ǘƘŜ αǊŜƭŀǘƛǾƛǘȅά ƭŀȅŜǊύΦ /ƻƴŎŜǇǘǳŀƭƭȅ speaking, reducing the number of scales requires 
ƴŜǿ αƴŀǘǳǊŜ ŎƻƴǎǘŀƴǘǎάΦ  
 
Note (A. Unzicker's "Mathematical Reality"): A. Unzicker's "Mathematical Reality" could be interpreted as a 
kind of re-engineering approach of current physical paradigms justified by a critical analysis from a physicists 
ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǳǎŀƎŜ ƻŦ ǘƘŜ αƴŀǘǳǊŜ Ŏƻƴǎǘŀƴǘά ŎƻƴŎŜǇǘΦ ¢ƘŜ aspiration of "Mathematical Reality" is,  
 

αǘƻ form a consistent picture of reality by observing nature ŦǊƻƳ ǘƘŜ ŎƻǎƳƻǎ ǘƻ ŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜǎάΣ ό¦ƴ!нύΦ 
 

Remark (the mathematical framework for physical laws): The mathematical framework of the proposed 
physical modelling framework are built on functional analysis and on number theory. The central branches 
from functional analysis are the theory of Krein spaces enabling hermitian operators in spaces with an 
indefinite metric, and approximation theory in Hilbert scales enabling by their compactly embeddedness 
properties. Related physical requirements to those branches first appeared in papers from Dirac, Pauli, and 
Heisenberg. The Krein space based mathematical concepts of "potential", "potential operators", "maximal 
definite subspaces", "maximal dissipative operators", "hyperboloids generated by operators" etc., are 
accompanied by corresponding mathematical constants; those constants are supposed to provide 
mathematically justified "physical potential barriers" between physical-statistical worlds and an overall 
mathematical reality". The essential concept behind the (vacuum, plasma, electromagnetic) quanta pair 
number systems is based on number theory. 
 
Note (different number of scales): In classical mechanics one deals with the three scales, αŘƛǎǘŀƴŎŜάΣ αǘƛƳŜάΣ 
ŀƴŘ αƳŀǎǎάΤ ƛƴ ƴƻƴ-ǊŜƭŀǘƛǾƛǎǘƛŎ ǉǳŀƴǘǳƳ ǘƘŜƻǊȅ ŀƴŘ ŎƭŀǎǎƛŎŀƭ ǊŜƭŀǘƛǾƛǘȅ ƻƴŜ ŘŜŀƭǎ ǿƛǘƘ ǘǿƻ ǎŎŀƭŜǎΣ αŘƛǎǘŀƴŎŜάΣ 
ŀƴŘ αǘƛƳŜάΤ ƛƴ ǊŜƭŀǘƛǾƛǎǘƛŎ ǉǳŀƴǘǳƳ ǘƘŜƻǊȅ ƻƴŜ ŘŜŀƭǎ ǿƛǘƘ ƻƴƭȅ ƻƴŜ ǎŎŀƭŜΣ ǘƘŜ αŘƛǎǘŀƴŎŜάΣ (DeP) p. 551. 
 
Note: !ōƻǳǘ фр҈ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ŀōƻǳǘ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ αǾŀŎǳǳƳάΦ ¢ƘŜ ǎŀƳŜ ǇǊƻǇƻǊǘƛƻƴ ŀǇǇƭƛŜǎ ǘƻ ǘƘŜ 
ŜƳǇǘȅƴŜǎǎ ōŜǘǿŜŜƴ ŀ ǇǊƻǘƻƴ ŀƴŘ ŀƴ ŜƭŜŎǘǊƻƴΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ р҈ ƻŦ ǳƴƛǾŜǊǎŜΩǎ ǾŀŎǳǳƳ Ŏƻƴǎƛǎǘǎ ǊƻǳƎƘƭȅ ƻŦ р҈ 
matter, of 25% ǎƻǇƘƛǎǘƛŎŀǘŜŘ αdark matterά, and of 70% ǎƻǇƘƛǎǘƛŎŀǘŜŘ αdark energyά. Nearly all (about 99%) of 
ǘƘŜ р҈ ƳŀǘǘŜǊ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ƛƴ ϦǇƭŀǎƳŀ ǎǘŀǘŜϦΦ ! ǇǊŜǎǳƳŜŘ ǇƘȅǎƛŎŀƭ ŎƻƴŎŜǇǘ ƻŦ αdark matterά αŜȄǇƭŀƛƴǎά 
ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ǘƘŜ ǎǇƛǊŀƭ ǎƘŀǇŜǎ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜΦ ! ǇǊŜǎǳƳŜŘ ǇƘȅǎƛŎŀƭ ŎƻƴŎŜǇǘ ƻŦ αdark energyά ŜȄǇƭŀƛƴǎ 
the phenomenon of the cosmic microwave background. 
 
Note (the mass gap problem of the classical Yang-Mills theory): The Maxwell fields can carry energy from one 
place to another. The classical Yang-Mills theory is a generalization of the Maxwell theory of electromagnetism 
where the invented chromo-electromagnetic field also carries charges for low energy scales. As a classical field 
theory it has solutions which travel at the speed of light so that its quantum version should describe massless 
particles (gluons). However, the postulated phenomenon of color confinement permits only bound states of 
gluons, forming massive particles. This is the mass gap. The proposed Maxwell-Mie quanta energy field model 
makes the Yang-Mills theory (which is anyway restricted to low energy scales) obsolete. 
 
Note: The quantum theory gets primacy regarding the classical theory with its most perfect design, the general 
relativity theory. Therefore, the laws of the metric field, which are in principle independent from the laws of 
the quantum theory, have no absolute validity. The regularity of the metric field ς indeed in a statistical way ς 
woǳƭŘ ōŜ ǘƛŜŘ ǿƛǘƘ ŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜ ƛƴǘŜǊŀŎǘƛƻƴΣ ƭƛƪŜ ƛǘ ƛǎ ŦǳǊǘƘŜǊƳƻǊŜ αƭƻŎŀǘŜŘά ƛƴ ǘƘŜ ǎŜƴǎŜ ƻŦ ǘƘŜ aŀŎƘ 
principle, (DEH). 
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Note: The Mach principle is a cosmological principle; as there are multiple cosmological models, it becomes 
also a selection principle to select the few physical relevant cosmological models. Therefore, in the sense of 
YŀƴǘΣ ƛǘ ƛǘ ƴƻǘ ŀ αŎƻƴǎǘƛǘǳǘƛǾŜά ǇǊƛƴŎƛǇƭe (like the general co-ǾŀǊƛŀƴŎŜ ƻŦ ǘƘŜ ŦƛŜƭŘ ŜǉǳŀǘƛƻƴǎύΣ ōǳǘ ŀ αǊŜƎǳƭŀǘƛǾŜά 
principle, (DEH). 
 
Note:¢ƘŜ Ƴƻǎǘ ŀŘǾŀƴŎŜŘ ƳŀǘƘŜƳŀǘƛŎǎ ƻŦ άƎŀƭŀŎǘƛŎ ŘȅƴŀƳƛŎǎέ ƛǎ ŀōƻǳǘ ŎƻƭƭƛǎƛƻƴǎƭŜǎǎ .ƻƭǘȊƳŀƴƴ ŀƴŘ tƻƛǎǎƻƴ 
equations accompanied by the probability of a given star to be found in unit phase-space volume near the 
phase-space position ●ȟ○ , (BiJ) p. 555.  
 
Note: The Planck action constant is independent from any weak or strong gravitation field. It therefore 
somehow mirrors the fundamental difference of physical macro and micro world, (DeH). 
 
Note όǘƘŜ aŀȄǿŜƭƭ ŀƴŘ ǘƘŜ 9ƛƴǎǘŜƛƴ ŜǉǳŀǘƛƻƴǎύΥ Lƴ ǘƘŜ aŀȄǿŜƭƭ Ŝǉǳŀǘƛƻƴǎ αŎƘŀǊƎŜǎ ǘŜƭƭ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ 
ŦƛŜƭŘǎ Ƙƻǿ ǘƻ ǾŀǊȅάΦ Lƴ ǘƘŜ 9ƛƴǎǘŜƛƴΩǎ ŦƛŜƭŘ Ŝǉǳŀǘƛƻƴǎ αǎǇŀŎŜ-time geometry tells mass-ŜƴŜǊƎȅ Ƙƻǿ ǘƻ ƳƻǾŜά ŀƴŘ 
αƳŀǎǎ-energy tells space-time geometry how ǘƻ ŎǳǊǾŜάΦ  

The Einstein operator is given by Ὃ Ὑ Ὑ  with the corresponding gravity field equations Ὃ ‖Ὕ  

and the corresponding motion equations 
 

Ὣȟ   

 
for the path ὼ ὼ ὸ of a particle.  
 
The change from the Newton model is about a change from the Newton potential equation Ў  τ“Ὧ” 
(applying the Dirac (delta) function on the right side of the PDE) to the Einstein equation Ὃ ‖Ὕ , going 
along with a change from the motion equations from 
 

ὫὶὥὨ        O         Ὣȟ .  

 
Instead of one potential equation there are now 10 equations with 10 potentials   ; instead of a linear 
operator, there is now a non-linear operator. The gravity potential is no longer the sum of single gravitation 
potentials. The matter is described by the energy-momentum tensor Ὕ , reflecting the principles of energy and 
momentum conservation. The matter generates the space-time structure, particles move along of geodesics 
and the potentials    are functions of the energy-momentum tensor Ὕ  (  ὪὝ ). 
 
Note (the Cosmological Microwave Background Radiation and Big Bang models): The CMBR provides us with 
the most important evidence supporting the Big Bang model. Big Bang models are on the basis of general 
relativity and follow from a number of assumptions, (LaM) p. 7: 
 

- homogeneity of space applies. Thus it is assumed that all points of space are equivalent and the 
properties associated with each point are the same 

- isotropy of space applies. This means that there is no privileged direction in space 
- the matter in the universe can be described very simple in terms of what is called a perfect fluid. In 

this case its properties are completely given by ist density ” and its pressure ὴ 
- the laws of physics are the same everywhere. 

 
Note (Water, Hydrogen Bonding, and the Microwave Background): In this work, the properties of the water are 
briefly revisited. Though liquid water has a fleeting structure, it displays an astonishingly stable network of 
hydrogen bondsΦ ΧΦ This simple analysis reveals that the oceans have a physical mechanism at their disposal, 
which is capable of generating the microwave backgroundάΣ όwƻtнύΦ 
 
Note: R. Penrose: How special was the Big Bang?  
 

αƛƴ ƻǊŘŜǊ ǘƻ ǇǊƻŘǳŎŜ ŀƴ ǳƴƛǾŜǊǎŜ ǊŜǎŜƳōƭƛƴƎ ǘƘŜ ƻƴŜ ƛƴ ǿƘƛŎƘ ǿŜ ƭƛǾŜΣ ǘƘŜ /ǊŜŀǘƻǊ ǿƻǳƭŘ ƘŀǾŜ ǘƻ ŀƛƳ ŦƻǊ ŀƴ ŀōǎǳǊŘƭȅ 

tiny volume of phase space of possible universes ς about ρȾρπ  of the entire volume, for the situation under 
ŎƻƴǎƛŘŜǊŀǘƛƻƴάΣ όtŜwύ ǇΦ пппΦ 
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Note: (galactic kinematics, cosmic time, Hubble law, and ordinary differential equations): The kinematics of an 
universe  observed to be homogeneous and isotrop on large scales are describes by the Hubble parameter 
Ὄὸ and a scale factor ὥὸ depending by a cosmic time parameter ὸ: 
 

ά/ƻƴǎƛŘŜǊ ǘƘŜ ǘǊƛŀƴƎƭŜ ŘŜŦƛƴŜŘ ōȅ ǘƘǊŜŜ ƴŜŀǊōȅ ŦǳƴŘŀƳŜƴǘŀƭ ƻōǎŜǊǾŜǊǎΦ !ǎ ǘƘŜ ǳƴƛǾŜǊǎŜ ŜǾƻƭǾŜǎΣ ǘƘŜ ǘǊƛŀƴƎƭŜ Ƴŀȅ 
change in size, but cannot change in shape or orientation ς in the contrary case, it would define a preferred direction, 
therby violating the isotropy assumption. Thus, if  ὶ ὸ is the length of the side joining oberserver Ὥ and Ὦ at cosmic 

time ὸ, we must have ὶ ὸ ὶ ὸὥὸ, where ὥὸ is independent of Ὥ and Ὦ. Since this argument holds for all 

fundamental observers, the distance between any two of them must have the form ὶὸ ὶὸὥὸ, where the 
scale factor  is a universal function, which may normalize so that ὥὸ ρ at the present cosmic time ὸ. The relative 
velocity of the two observers is 
 

ὺὸ ὶὸὥὸ ὶὸ ὶὸὌὸ, 

 
where Ὄὸ, is the Hubble parameter. At the present time, Ὄὸ Ὄ  is the Hubble constant. The Hubble law ὺ
Ὄὶ is a consequence of homogeneity and isotropy resp. in a homogeneous, isotropic universe the Hubble law 
ǊŜƳŀƛƴǎ ǘǊǳŜ ŀǘ ŀƭƭ ǘƛƳŜǎΣ ōǳǘ ǘƘŜ IǳōōƭŜ Ŏƻƴǎǘŀƴǘ ǾŀǊƛŜǎ ǿƛǘƘ ŎƻǎƳƛŎ ǘƛƳŜέΣ ό.ƛWύ ǇΦ оуΦ 

 
Note (non-relativistic resp. relativistic gravitational instability of the universe): The two magic tricks to analyse 
the (non-relativistic resp. the relativistic) gravitational instability of the universe is based on a simple continuity 
equation of fluid elements in the form  
 

σὌὸ” Ͻɳ”ὺᴆ π  

 
in combination with a related fluid-particle Lagrangian. Taking into account gravitational and pressure forces 
influencing those fluids (after some linearization) the main non-relativistic equation becomes the form 
 

○
ςὌὸὺᴆ ὴɳ  ɳ , 

 
while the (by special relativity modified) άǊŜƭŀǘƛǾƛǎǘƛŎέ Ŝǉǳŀǘƛƻƴ ōŜŎƻƳŜǎ ǘƘŜ ŦƻǊƳ 
 

ςὌὸ
Ⱦ

  , 

 
where the density ” of the (non-ǊŜƭŀǘƛǾƛǎǘƛŎύ tƻƛǎǎƻƴ Ŝǉǳŀǘƛƻƴ ƛǎ ǊŜǇƭŀŎŜŘ ōȅ ǘƘŜ άǊŜƭŀǘƛǾƛǎǘƛŎά ŘŜƴǎƛǘȅ ƛƴ ǘƘŜ 

form  ” , (BiJ) p. 722. 

 
Remark (mechanical & dynamical energy types): Based on appropriate properties provided by a Krein-Hilbert 
space framework there are positive, increasing potential differences between the three 2-component dynamic 
field types starting from the vacuum energy fields up to the electromagnetic energy fields. The quanta type 
specific laws are governed by the principle of conservation of total energy, defined by the sum of two 
αŎƻƳǇƭŜƳŜƴǘŀǊȅά ƳŜŎƘŀƴƛŎŀƭ ϧ ŘȅƴŀƳƛŎŀƭ ŜƴŜǊƎƛŜǎ ƻŦ ǘƘŜ ǊŜƭŀǘŜŘ ŎƻƴǎƛŘŜǊŜŘ ǇƘȅǎƛŎŀƭ ǎȅǎǘŜƳΦ 
 
RemarkΥ ¢ƘŜ ǇǊƻōŀōƭȅ Ƴƻǎǘ ŦǳƴŘŀƳŜƴǘŀƭ ƳŀǘƘŜƳŀǘƛŎŀƭ ǘƘŜƻǊŜƳ ƛƴ ǇƘȅǎƛŎǎ ƛǎ 9Φ bƻŜǘƘŜǊΨǎ ǘƘŜƻǊŜƳΦ Lǘ ŜŦŦŜŎǘǎ ŀ 
ƘǳƎŜ Ŏƭŀǎǎ ƻŦ ŎƻƴǎŜǊǾŀǘƛƻƴ ƭŀǿǎ ƎƻǾŜǊƴƛƴƎ ǎȅƳƳŜǘǊƛŜǎ ƻŦ ǎǇŀŎŜΣ ǘƛƳŜΣ ŀƴŘ αƛƴǘŜǊƴŀƭά ǾŀǊƛŀōƭŜǎΦ bƻŜǘƘŜǊΩǎ 
theorem relates conservation to invariance, and thus to symmetry. This theorem provides the mathematical 
foundation of the whole quantum mechanics. However, the conservation of electric charge emerges from a 
ƳƻǊŜ ŀōǎǘǊŀŎǘ ǎȅƳƳŜǘǊȅ ŎŀƭƭŜŘ αƎŀǳƎŜ ƛƴǾŀǊƛŀƴŎŜάΦ 
 
Note: (renormalization group equation and symmetry break down): The behavior of a physical system depends 
on a scale (of energies, distances, momenta, etc.) at which the behavior is studied. The change of behavior 
when the scale is changed, is described by the renormalization group equation. In quantum field theory, the 
dependence of the behavior on the scale is often expressed mathematically by the fact that in order to 
regularize (i.e., render finite) Feynman diagram integrals one must introduce auxiliary scales, cutoffs, etc. The 
effect of these choices on the physics is encoded into the renormalization group equation. The "case" if there is 
no related (G-invariant) renormalization realisation (example ground state energy) is called "symmetry break 
down", (DeP1) p. 1119 ff..  
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Note: The conservation principles of energy, linear momentum, angular momentum, and electric charge are 
ŀƳƻǳƴƎ ǘƘŜ Ƴƻǎǘ ŦǳƴŘŀƳŜƴǘŀƭ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǇƘȅǎƛŎǎΦ Χ The notion αcƻƴǎŜǊǾŀǘƛƻƴά ŀǎ ƛƴ αŎƻƴǎŜǊǾŀǘƛƻƴ ƻŦ 
ŜƴŜǊƎȅά ƛǎ ƴƻǘ ǘƘŜ ǎŀƳŜ ŀǎ αƛƴǾŀǊƛŀƴǘάΦ ¢ƘŜȅ ŀǊŜ ǊŜƭŀǘŜŘΣ ΧΣ ōǳǘ ǘƘŜȅ ŀǊŜ ƴƻǘ ǎȅƴƻƴȅƳƻǳǎΦ ¢ƘŜ ƳƻƳŜƴǘǳƳ ƻǊ 
energy of a system of particles may be conserved but not necessarily invariant, (NeD) pp. 1, 4. 
 
Remark: The mathematical notion for the invariant quantities in the conservation laws of mechanics and 
electrodynamics is ŎŀƭƭŜŘ αŦǳƴŎǘƛƻƴŀƭά. In mathematics, αŦǳƴŎǘƛƻƴŀƭǎά are a central concept in Hilbert space 
theory playing a key role in variational methods for the study of nonlinear (potential) operators, (ChJ), (VaM). 
At the same time, the ὒ- Hilbert space is a well established mathematical framework for thermostatistics and 
quantum mechanics. 
 
Note: (zero point energy and symmetry break down): Physics is scale dependent and decoupling. The down 
(complexity) causality thinking results into a degrease of the number of scales, while the number of «nature 
constants» increases. The effect of the required auxiliary scales, cutoffs, etc. on the physics is encoded into the 
renormalization group equation. The "case" if there is no related (G-invariant) renormalization realisation 
(example ground state energy) is called "symmetry break down", (DeP1) p. 1119 ff.  
 
RemarkΥ α[ƻǊŜƴǘȊ ǎǳŎŎŜŜŘŜŘ ƛƴ ǊŜŘǳŎƛƴƎ ŀƭƭ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ƘŀǇǇŜƴƛƴƎǎ ǘƻ aŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ ŦƻǊ ŦǊŜŜ ǎǇŀŎŜά, 
(EiA5)Φ ¢ƘŜ ǇǊƻǇƻǎŜŘ ƳƻŘŜƭ ǇǊƻǾƛŘŜǎ ŀƴ ƛƴƴŜǊ ǇǊƻŘǳŎǘ ƻŦ ŀ αŦǊŜŜ ǎǇŀŎŜά ŜƭŜŎǘǊƛƴƻ-positrino energetical quanta 
pair Hilbert space framework w/o any space-time-momentum conceptual notions. 
 
Remark: The Lorentz transformation in special relativity is a simple type of rotation in hyperbolic space. We 
ƴƻǘŜ ǘƘŀǘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƘȅǇŜǊōƻƭƛŎ t59 ƛǎ ŀōƻǳǘ ǘƘŜƛǊ αǘƛƳŜ-ǎȅƳƳŜǘǊȅάΦ ²Ŝ ŦǳǊǘƘŜǊ ƴƻǘŜ ǘƘŀǘ ǘƘŜ 
hyperbolic wave operator equipped with a Ὄ -based domain is stronly hyperbolic operator. This property is 

the counterpart of the related strongly elliptic potential operator equipped with a Ὄ -based domain. 
 
Note: The Lorentz transformation group and related components, (StR): A Lorentz transformation is a linear 
transformation mapping space-time onto space-time preserving the Lorentz-invariant scalar product of two 
four-vectors ὼᴆḧ ὼȟὼᴆ, ώḧ ώȟώᴆ with  ὼᴆḧ ὼȟὼȟὼ , ώᴆḧ ώȟώȟώ  given by ὼϽώḧὼώ ὼᴆώᴆ. 
Two Lorentz transformations can be connected to one another by a continuous curve of Lorentz 
transformations. Therefore, the Lorentz transformations form a group, the Lorentz group. The Lorentz group 
has four components, each of which is connected in the sense that any one point can be connected to any 
other, but no Lorentz transformation in one component can be connected to another in another component. 
 

α¢ƘŜ Ŧǳƭƭ ƎǊƻǳǇ ƻŦ [ƻǊŜƴǘȊ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ ƛǎ ǘƘŜ ƎǊƻǳǇ ƻŦ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ ǘƘŀǘ ƭŜŀǾŜǎ ǘƘŜ aƛƴƪƻǿǎƪƛ ƳŜǘǊƛŎ 
invariant. Here is why. Parity (mirroring of all three spatial axes) is the Lorentz transformation. But in the space of all 
possible Lorentz transformations there is no continuous path that starts out at the Identity, and so are the pure 
Lorentz boosts, but one cannot reach Parity by pure boosts or pure rotations or combinations of the two.) So the real 
Lorentz group splits up into at least two disconnected components: the Lorentz transformations that one can reach 
via continuous path from the Identity (the αǊŜǎǘǊƛŎǘŜŘά [ƻǊŜƴǘȊ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎύΣ ŀƴŘ ǘƘŜ [ƻǊŜƴǘȊ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ 
that one can reach via continuous path from Parity. And there is another split, namely the split between the Lorentz 
transformations that include Time Reversal and the ones that do not. So the Lorentz group has at least disconnected 
ŎƻƳǇƻƴŜƴǘǎΦ Lƴ ŦŀŎǘ ƛǘ Ƙŀǎ ŜȄŀŎǘƭȅ ŦƻǳǊ ŘƛǎŎƻƴƴŜŎǘŜŘ ŎƻƳǇƻƴŜƴǘǎΦ ΧΦ ¢ƘŜ ŎƭŀǎǎƛŎŀƭ ǊŜŀƭ YƭŜƛƴ DƻǊŘƻƴ ŦƛŜƭŘ ƛǎ ŀ ǊŜŀƭ 
scalar field whose field values are invariant under the restricted Lorentz transformations. The restricted Lorentz 
transformations are the ones that are continuously connected to the Identity. They include spatial rotations and 
Lorentz boosts. They include neither P nor T nor PT. The law of evolution on the Klein Gordon field, the Klein Gordon 
eǉǳŀǘƛƻƴ ƛǎ ƛƴǾŀǊƛŀƴǘ ǳƴŘŜǊ ǘƘŜ ǊŜǎǘǊƛŎǘŜŘ [ƻǊŜƴǘȊ ǘǊŀƴŦƻǊƳŀǘƛƻƴǎά, (CaC) p. 636. 
 

¢ƘŜ ŦƻǳǊ αŎƻƴƴŜŎǘƛƻƴά ǇƻǎǎƛōƛƭƛǘƛŜǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŦƻǳǊ ŘƛŦŦŜǊŜƴǘ ÄÅÔȢ ρ conditions containing the 
four different Lorentz transformations 
  

(1) ͼρͼ    (3) time inversion Ὅ Ὕ  
 

(2) space inversion Ὅ ὖ (4) space-time inversion.  
 
There are three related sub-ƎǊƻǳǇǎ ƻŦ ǘƘŜ [ƻǊŜƴǘȊ ƎǊƻǳǇΣ ό!ύ ǘƘŜ ƻǊǘƘƻŎƘǊƻƴƻǳǎ [ƻǊŜƴǘȊ ƎǊƻǳǇ όŎƻƴǘŀƛƴƛƴƎ αмά 
ŀƴŘ ǘƘŜ ǎǇŀŎŜ ƛƴǾŜǊǎƛƻƴύΤ ό.ύ ǘƘŜ ǇǊƻǇŜǊ [ƻǊŜƴǘȊ ƎǊƻǳǇ όŎƻƴǘŀƛƴƛƴƎ ǘƘŜ αмά ŀƴŘ ǘƘŜ ǎǇŀŎŜ-time inversion; it is 
associated to the group of ςὼς complex matrices of determinant one, which is denoted by Ὓὒςȟὅ), which is 
important in describing the tranformation properties of spinors), and (C) the orthochorous Lorentz group 
(containing the space inversion and the time inversion). 
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The Lorentz transformation in special relativity is modelled by the restricted Lorentz group, the group of ςὼς 
complex matrices of determinant one, Ὓὒςȟὅ. It is isomophic to the symmetry group ὛὟςḙὛὒςȟὅ, 
containing as elements the complex-valued rotations, which can be written as a complex-valued matrix of type 
 

ὥ Ὥὦὧ ὭὨ
ὧ ὭὨὥ Ὥὦ

   with determinant one. 

 
The complex Lorentz group 

(StR) 
 
The complex Lorentz group ὒὅ has just two connected components, ὒ ὅ and ὒ ὅ. Additionally, 
the transformations ρ and ρ, which are disconnected in the real Lorentz group ὒ, are connected in 
the complex Lorentz group. Just as the restricted Lorentz group is associated with Ὓὒςȟὅ the 
complex Lorentz group is associated with ὛὒςȟὅṧὛὒςȟὅ ḙὛὟςṧὛὟς. The latter group is 
the set of all pairs of ςὼς matrices of determinant one with the multiplication law 
 

ὃȟὄ ὃȟὄ ὃὃȟὄὄ . 
 

In summary: While two (real) Lorentz transformations need to be connected to one another 
by an appropriately defined continuous curve of Lorentz transformations (the Lie group 
concept), there are two pairs of components of the complex Lorentz group, which are both 
already connected by definition accompanied by a related multiplication law. 

 
Note (mathematics and physics): Most laws of physics are derived by a statistical mechanisms (thermo-
ǎǘŀǘƛǎǘƛŎǎ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŜƴǘǊƻǇȅύΣ ǿƘƛŎƘ 9Φ {ŎƘǊǀŘƛƴƎŜǊ ŎŀƭƭŜŘ αƻǊŘŜǊ-from-όŀǘƻƳƛŎύ ŘƛǎƻǊŘŜǊά 
mechanism. As a consequence, the physics (with the claim to be the foundation of chemistry) is not able to 
ǇǊƻǾƛŘŜ ŀƴȅ ŦǳƴŘŀƳŜƴǘŀƭ ƭŀǿ ŘŜǊƛǾŜŘ ōȅ ŀƴ αƻǊŘŜǊ-from-ƻǊŘŜǊά ƳŜŎƘŀƴƛǎƳ ŀǎ ŎƻƳƳƻƴ αƭŀǿά ǿƛǘƘ ŎƘŜƳƛǎǘǊȅ 
and biology. 
 
Note (physics and chemistry): The current understanding of the relationship of physics and chemistry may be 
briefly sketched by IΦ ²ŜȅƭΨǎ statement that  
 

αǘƘŜ ǾŀƭŜƴŎŜ ōƻƴŘǎ ŀǊŜ ŀƴ ŀōōǊŜǾƛŀǘŜŘ ǎȅƳōƻƭ ŦƻǊ ǘƘŜ ŀŎǘǳŀƭ ǉǳŀƴǘǳƳ-physical forces acting between the atoms, 
ǿƘƛŎƘ ǘƘŜƳǎŜƭǾŜǎ ŀǊŜ ŎƻƳǇƭŜȄ ŘȅƴŀƳƛŎŀƭ ǎȅǎǘŜƳάΣ ό²ŜIύ ǇΦ нссΦ 

 
Note (dead and living matter): The contrast of dead and living matter may be briefly sketched by IΦ ²ŜȅƭΨǎ 
statement that 
 

 αhƴŜ ƻŦ ǘƘŜ ǇǊƻŦƻǳƴŘŜǎǘ ŜƴƛƎƳŀǎ ƻŦ ƴŀǘǳǊŜ ƛǎ ǘƘŜ ŎƻƴǘǊŀǎǘ ƻŦ ŘŜŀŘ ŀƴŘ ƭƛǾƛƴƎ ƳŀǘǘŜǊΦ ΧΦ LƴŎƛŘŜƴǘŀƭƭȅΣ ǘƘŜ ƎŀǇ 
between organic and inorganic matter has been bridged to a certain extent by the discovery of virusses. Virusses are 
submicroscopic entities that ōŜƘŀǾŜ ƭƛƪŜ ŘŜŀŘ ƛƴŜǊǘ ƳŀǘǘŜǊ ǳƴƭŜǎǎ ǇƭŀŎŜŘ ƛƴ ŎŜǊǘŀƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎΦ ΧΦ aŀƴȅ ǾƛǊǳǎǎŜǎ ƘŀǾŜ 
ǘƘŜ ǎǘǊǳŎǘǳǊŜ ǘȅǇƛŎŀƭ ƻŦ ƛƴƻǊƎŀƴƛŎ ƳŀǘǘŜǊΤ ǘƘŜȅ ŀǊŜ ŎǊȅǎǘŀƭǎάΣ ό²ŜIύ ǇΦ нтсΦ 

 
Remark (mathematics and consciousness): The electrinos and the positrinos may be interpreted as binary 
quanta information carriers enabling a link to information and consciousness theory. With the proposed 
conception of non-mechanical binary quanta information carriers the synapses (neuronal net) model is no 
longer restricted to mechanical signals with velocities limited by the speed of light, enabling other kinds of 
potential differences between biological synapses governed by dynamical energy quanta. 
 
Remark (mathematics and philosophy): ¢ƘŜǊŜ ƛǎ ŀƴ ŀƴŀƭƻƎȅ ǘƻ [ŜƛōƴƛȊΩǎ ŎƻƴŎŜǇǘƛƻƴ ƻŦ όƻǘƘŜǊǿƻǊƭŘƭȅύ ƳƻƴŀŘŜǎ 
and their role defining a preestablished (mechanical) harmony. 
 

α¢ƘŜ ŎƭŀǎǎƛŎŀƭ ǇƘƛƭƻǎƻǇƘŜǊ ƻŦ ŀ ŘȅƴŀƳƛŎ ǿƻǊƭŘ ǇǊŜǎŜƴǘŀǘƛƻƴ ƛǎ [ŜƛōƴƛȊΦ Χ CƻǊ ƘƛƳ ǘƘŜ ǊŜŀƭ ƻŦ ƳƻǾŜƳŜƴǘ ŘƻŜǎ ƴƻǘ ƭƛŜ ƛƴ 
ŀ ǇǳǊŜ ŎƘŀƴƎŜ ƻŦ ǘƘŜ ƭƻŎŀǘƛƻƴΣ ōǳǘ ƛƴ ŀ ƳƻǾƛƴƎ ŦƻǊŎŜ α[ŀ ǎǳōǎǘŀƴŎŜ Ŝǎǘ ǳƴ ŜǘǊŜ ŎŀǇŀōƭŜ ŘΩŀŎǘƛƻƴ ς une force primitive ς 
ƻǾŜǊǎǇŀǘƛŀƭΣ ƛƳƳŀǘŜǊƛŀƭΦ Χ ¢ƘŜ ƭŀǎǘ ŜƭŜƳŜƴǘ ƛǎ ǘƘŜ ŘȅƴŀƳƛŎ Ǉƻƛƴǘ, from which the force erupts as an otherworldly 
ǇƻǿŜǊΣ ŀƴ ƛƴŘŜŎƻƳǇƻǎŀōƭŜ ǎǘǊŜŎƘƭŜǎǎ ǳƴƛǘΥ ǘƘŜ ƳƻƴŀŘŜάΣ ό²ŜIнύ ǇΦ рм 
 

α!ƴŘ ǎƻ ǿŜ Ŏŀƴ ŎƻƴŎƭǳǎƛǾŜƭȅ ǎǘŀǘŜ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ƻŦ ǘƘŜ ƭŜŀǎǘ ŀŎǘƛƻƴ ǇǊƛƴŎƛǇƭŜ ǘƻ YŀƴǘΩǎ /ǊƛǘƛǉǳŜ ƻŦ WǳŘƎŜƳŜƴǘ ƛƴ ǘƘŜ 
following form: the principle of least action in its most modern generalization is a maxim of the reflective 
ƧǳŘƎŜƳŜƴǘάΣ όYƴ!ύ ǇΦ ррΦ 

 
Note: ¢ƘŜ αōƛƴŀǊȅ ǉǳŀƴǘŀά ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƭǎƻ Ǉǳǘǎ ǘƘŜ ǎǇƻǘ ƻƴ ǊŜƭŀǘŜŘ αƳƛƴŘ ϧ ƳŀǘǘŜǊά ǊŜǎǇΦ αƳƛƴŘ ϧ ŎƻǎƳƻǎά ǘƻǇƛŎǎΣ ŜΦƎΦΣ ǘƘŜ 
αǇƘƛƭƻǎƻǇƘȅ ƻŦ ǘƛƳŜάΣ ό/ŀ/ύΣ ŜǎǇŜŎƛŀƭƭȅ ǊŜƎŀǊŘƛƴƎ ǘƘŜ αǇǊƻōƭŜƳ ƻŦ ǘƛƳŜά ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƴƻǘƛƻƴǎ αǇƘȅǎƛŎŀƭ 
ǘƛƳŜά ό!Φ 9ƛƴǎǘŜƛƴΩǎ ǾƛŜǿ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ƳǳƭǘƛǇƭŜ ƻǘƘŜǊ ǇƘȅǎƛŎƛǎǘǎΨ ǾƛŜǿǎύ ǾǎΦ αŘǳǊŀǘƛƻƴά ό.ŜǊƎǎƻƴΩǎ ǾƛŜǿύΣ ŀƴŘ ǊŜƭŀǘŜd philosophical views 
of the world, e.g., from E. Husserl and M. Heidegger, (CaJ1). 
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b. Maxwell theory and special cases 
 
Note: The Maxwell (field) theory of electrodynamics plays an important role in quantum theory, as well as in 
the relativity theory. The Maxwell fields can carry energy from one place to another. It describes the electricity 
dynamics of an a priori existing charged elementary particle (called electron) in an idealized semiconductor 
world governed by an electric and a magnetic field. The induced electric (current) force is modelled by the sum 
of an electrical conductor line current and a so-called displacement current. The latter one is a cross-section 
line reduced 1st order approximation of a virtual electrical insulator ŦƛŜƭŘ ǎƘǊƛǾŜƭŜŘ ǳǇ ǘƻ ŀƴ αƛƴǎǳƭŀǘƻǊ ƭƛƴŜ 
ŎǳǊǊŜƴǘά ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ƴƻǘƛƻƴǎ ƻŦ αǘƛƳŜά ŀƴŘ αŘƛǎǘŀƴŎŜάΦ  
 
(KiA) p. 1 ff.: Electromagnetic wave propagation is described by four particular equations, the Maxwell 

equations, which relate five vector fields Ὁᴆ (electric field), Ὀᴆ (electric displacement), Ὄᴆ (magnetic field), ὄᴆ 

(magnetic flux density), Ὅᴆ (current density), and the scalar field ” (charge current). ” and Ὅᴆ can be interpreted as 
macroscopic mean values of the free charge and current densities in the medium. In differential form the 
Maxwell equations read as follows: 
 

ᴆ
ὧόὶὰὉᴆ π    όCŀǊŀŘŀȅΩǎ [ŀǿ ƻŦ LƴŘǳŎǘƛƻƴύ 

 

ᴆ
ὧόὶὰὌᴆ Ὅᴆ    ό!ƳǇŜǊŜΩǎ [ŀǿύ 

 

ὨὭὺὈᴆ ”   όDŀǳǎǎΩ 9ƭŜŎǘǊƛŎ [ŀǿύ 
 

ὨὭὺὄᴆ π   όDŀǳǎǎΩ aŀƎƴŜǘƛŎ [ŀǿύ Φ 
 

In domains where the equations are satisfied one derives from the identity ὨὭὺ ὧόὶὰὌᴆ π the well-known 
Equation of Continuity 
 

ὨὭὺ
ᴆ
ὨὭὺὧόὶὰὌᴆ Ὅᴆ ὨὭὺὍᴆ . 

 
 

The Constitutive Equations: In the general setting the Maxwell equations are not yet complete, Obviously, 
there are more unknowns than equations. The Constitutive Equations couple them: 
 

Ὀᴆ ὈᴆὉᴆȟὌᴆ  , ὄᴆ ὄᴆὉᴆȟὌᴆ. 
 
The electric properties of the material, which give these relationships are complicated. In general, they depend 
not only on the molecular character but also on macroscopic quantities as density and temperature of the 
material. Also, there are time-dependent dependencies as, e.g., the hysteresis effect, i.e. the fields at time ὸ 
depend also on the past. 
 
As a first approximation one starts with representations of the form 
 

Ὀᴆ Ὁᴆ τ“ὖᴆ, ὄᴆ Ὄᴆ τ“ὓᴆ 
 

where ὖᴆ denotes the electric polarization vector and ὓᴆ the magnetization of the material. These can be 

interpreted as mean values of microscopic effects in the material. Analoguously, ” and Ὅᴆ are macroscopic mean 
values of the free charge and current densities in the medium. 
 
If we ignore ferro-electric and ferro-magnetic media and if the fields are relatively small, one can model the 
dependencies by linear equations of the form 
  

Ὀᴆ Ὁᴆ, ὄᴆ ‘Ὄᴆ 
 
with the two matrix-valued functions, the dielectric tensor ȡ Ὑ ᴼὙ  and the permeability tensor ‘ȡ Ὑ ᴼ
Ὑ . In this case the medium is called linear. 
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The special case of an isotropic medium means that polarization and magnetization do not depend on the 
directions. Otherwise the medium is called anisotrop. In the isotropic case dielectricity and permeability can be 
modeled as just real valued functions, and one have 
 

Ὀᴆ Ὁᴆ, ὄᴆ ‘Ὄᴆ 
 
with real valued functions ȟ‘Ḋ Ὑ ᴼὙ. 
 
In the simplest case these functions  and ‘ are constant and we call such a medium homogeneous. It is the 
case, e.g., in vacuum. 
 

We indicated already that also ” and Ὅᴆ can depend on the material and the fields. Therefore, we need a further 
relation. In conducting media the electric field induces a current. In a linear approximation this is described by 
hƘƳΩǎ [ŀǿΥ 
 

Ὅᴆ „Ὁᴆ Ὅᴆ 
 

where Ὅᴆ is the external current density. For isotropic media the function „Ḋ Ὑ ᴼὙ is called the conductivity. 

If „ π, then the material is called dielectric. In vacuum, we have „ π and   ψȢψυτϽρπ , ‘

‘ τ“Ͻρπ . In anisotroc media, also the function „ is matrix valued. 

 
 
The special vacuum case: Vacuum is a homogeneous, dielectric medium with  , ‘ ‘, and „ π, and 

no charge distributions and no external currents; that is, ” π and ὍᴆΦ ¢ƘŜ CŀǊŀŘŀȅΩǎ [ŀǿ ƻŦ ƛƴŘǳŎǘƛƻƴ ǘŀƪŜǎ ǘƘŜ 
form 
 

‘
ᴆ
ὧόὶὰὉᴆ π . 

 
Assuming sufficiently smooth functions a differentiation with respect to time ὸ  ŀƴŘ ŀƴ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ !ƳǇŜǊŜΩǎ 
Law yields 
 

‘
ᴆ
ὧόὶὰ ὧόὶὰ Ὄᴆ π. 

 

The term ὧ ρȾ‘ has the dimension of a velocity and is called the speed of light. 

 
 
The special Electro- and Magnetonstatics case: Next we consider the Maxwell system in the case of stationary 

fields; that is, the five vector fields Ὁᴆ (electric field), Ὀᴆ (electric displacement), Ὄᴆ (magnetic field), ὄᴆ (magnetic 

flux density), Ὅᴆ (current density), and the scalar field ” (charge current) are constant with respect to time. For 

the electric field Ὁᴆ this situation in a region W is called electrostatics. The law of induction reduces to the 
differential equation 
 

ὧόὶὰ Ὁᴆ π in W. 
 

Therefore, if W is simply connected, there exists a potential όḊW O Ὑ with  Ὁᴆ όɳ in W. In a 

ƘƻƳƻƎŜƴŜƻǳǎ ƳŜŘƛǳƳ DŀǳǎǎΨ 9ƭŜŎǘǊƛŎ [ŀǿ ȅƛŜƭŘǎ ǘƘŜ tƻƛǎǎƻƴ Ŝǉǳŀǘƛƻƴ 
 

” ὨὭὺ Ὀᴆ ὨὭὺὉᴆ Ўό 

 
For the potential ό. Thus, the electrostatics is described by the basic elliptic patial differential equation  
Ўό ”Ⱦ. Mathematically, we are led to the field of potential theory. 
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In magnetostatics one considers Ὄᴆ being constant in time. For the magnetic field the situation is different 

ōŜŎŀǳǎŜ ōȅ !ƳǇŜǊŜΩǎ ƭŀǿ ǿŜ ƘŀǾŜ ὧόὶὰὌᴆ Ὅᴆ. Thus in general ὧόὶὰὌᴆ does not vanish. However, according to 
DŀǳǎǎΨ ƳŀƎƴŜǘƛŎ ƭŀǿ ǿŜ ƘŀǾŜ 
 

ὨὭὺὄᴆ π. 
 

From this identity we conclude the existence of a vector potential ὃᴆḊ Ὑ  O  Ὑ  with ὄᴆ ὧόὶὰὃᴆ in D. 

{ǳōǎǘƛǘǳǘƛƴƎ Ƙƛǎ ƛƴǘƻ !ƳǇŜǊŜΩǎ [ŀǿ ȅƛŜƭŘǎ όŦƻǊ ƘƻƳƻƎŜƴŜƻǳǎ ƳŜŘƛŀ W) after multiplication with ‘ the 
equation 

‘Ὅᴆ ὧόὶ ὧόὶὰ ὃᴆ ὨɳὭὺὃᴆ Ўὃᴆ. 
 

Since ὧόὶὰᶯ π we can add gradients ɳό to ὃᴆ without changing ὄᴆ. We will see later that we can choose ό such 

that the resulting potential ὃᴆ satisfies ὨὭὺὃᴆ π. This choice of normailzation is called Coulomb gauge. With 
this normalization we get the Poisson equation 
 

Ўὃᴆ ‘Ὅᴆ 
 
also in magnetostatics. We note that in this case the Laplacian operator is vector valued and has to be taken 
componentwise. 

 
Considering wave phenomena the most important situation are the special Time-Harmonic Fields. For further 
details we refer to (KiA). 
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c. Classical physics, relativity, quantum theory, and all that 
.ŀǊōƻǳǊΣ 5ƛŎƪŜΣ 5ƛǊŀŎΣ 9ƛƴǎǘŜƛƴΣ IƛƎƎǎΣ [ƻǊŜƴǘȊΣ aŀŎƘΣ bŜǿǘƻƴΣ tƭŜƳŜƭƧΣ tǊŀƴŘǘƭ Χ 

 
Note (Newtonian theory, (PeR4) p. 431): The quantities Newtonian energy, momentum, and angular 
momentum have a well-defined meaning in Newtonian theory. Their vital importance is that they are 
conserved ς for a system not acted upon by external forces ς in the sense that the total energy, momentum, 
and angular momentum are constant in time. The energy of a system may be considered to be composed of 
two parts, namely the kinetic energy (i.e. the energy of motion) and the potential energy (the energy stored in 
the forces between particles). The kinetic energy of a (structureless) particle, in the Newtonian theory, is given 

by the expression Ὁ άὺ, where ά i s the mass of the particle and ὺ is the speed. To obtain the entire 

ƪƛƴŜǘƛŎ ŜƴŜǊƎȅΣ ǿŜ ǎƛƳǇƭȅ ŀŘŘ ǘƘŜ ƪƛƴŜǘƛŎ ŜƴŜǊƎƛŜǎ ƻŦ ŀƭƭ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǇŀǊǘƛŎƭŜǎ όΧ ǿŜ Ƴŀȅ ǊŜŦŜǊ ǘƻ ǘƘŜƛǊ ŜƴŜǊƎȅ 
as heat energy). To obtain the total potential energy, we need to know something of the detailed nature of all 
the forces involved. Neither the total kinetic energy nor the total potential energy need be individually 
conserved, but the total is. 
 
The momentum ὴᴆ of a particle is a vector quantity, given by the expression ὴᴆ ά○, where ○ is the vector 
describing the velocity. To get the entire momentum, one takes the vector sum of all individual momenta. This 
total quantity is also conserved in time. 
 
For the Newtonian theory it holds the Galilean relativity. How do our conservation laws manage to survive 
when neither the energy nor the momentum is left unchanged as we move from one inertial frame to another?  
Χ Lǘ ǘǳǊƴǎ ƻǳǘ ǘƘŀǘ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅ and momentum in the first frame goes over to conservation of 
energy and momentum in the second frame provided we take into account that mass is also conserved. 
 
In Newtonian mechanics there are also other conserved quantities 
 

- The angular momentum 
- For a single particle ὔ ὸὴᴆ άὼᴆ. 

 
Note (Newtonian dynamics): The Newtonian dynamics is governed by the ravitational (Newton) potential at a 
αǇƻƛƴǘά ƛƴ ǎǇŀŎŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ Ƴŀǎǎ ά. The reference point, where the potential is zero, is by convention 
infinitely far away from any mass, resulting in a negative potential at any finite distance. The field of gravity 
potentials  is called the gravitational field. If the field is nearly independent of position the gravitational 
accelleration Ὣ (the standard gravity on the surface of the earth) can be considered constant. In that case, the 
difference in potential energy from one height to another is, to a good approximation, linear to the difference 
in height: ЎὟ άὫЎὬ. 
 
Note ό9ƛƴǎǘŜƛƴΩǎ ŦƻǊƳǳƭŀ Ὁ άὧ): !ŎŎƻǊŘƛƴƎ ǘƻ 9ƛƴǎǘŜƛƴΩǎ ŦƻǊƳǳƭŀ Ὁ άὧ mass and energy are two sides of 
the same coin; in simple words, there is no mass creation out of energy and the other way around, there is only 
mass into energy conversion and vice versa; consequently, the distinction between bright matter/energy and 
dark matter/energy is either nonsense or defines a new kind of energy, which is different from the current two 

physical-mechanical energy concepts as defined by Leibniz (Ὁ άὺ of a moving point in space) and 

Newton (ЎὉ άὫЎὬ; the difference in potential energy from one height to another of two points in space 

accompanied by ǘƘŜ ƎǊŀǾƛǘŀǘƛƻƴŀƭ όbŜǿǘƻƴύ ǇƻǘŜƴǘƛŀƭ ŀǘ ŀ αǇƻƛƴǘά ƛƴ ǎǇŀŎŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ Ƴŀǎǎ ά). 
 
Note: (relativistic energy, momentum, and angular momentum, (PeR4) p. 434): Similar as space and time 
ōŜŎƻƳŜ ǳƴƛǘŜŘ ƛƴ ǊŜƭŀǘƛǾƛǘȅ ǘƻ ōŜŎƻƳŜ ǘƘŜ ǎƛƴƎƭŜ Ŝƴǘƛǘȅ αǎǇŀŎŜǘƛƳŜάΣ ǘƘŜ ƳƻƳŜƴǘǳƳ ŀƴŘ ŜƴŜǊƎȅ ōŜŎƻƳŜ 
unitied. There is the energy-momentum 4-vector, whose spatial components are ὴȟὴȟὴ ὧὴᴆ, and whose 
time-component ὴ measures not only the total energy but also, equivalently, the total mass ά of the system 
according to ὴ Ὁ άὧΣ ǉƘƛŎƘ ƛƴŎƻǊǇƻǊŀǘŜǎ 9ƛƴǎǘŜƛƴΩǎ ŦŀƳƻǳǎ Ƴŀǎǎ-energy relation. 
 
Note (relativity and quantum theory): Relativity theory applies to macroscopic bodies, such as stars. Quantum 
theory has its roots in the microscopic  world. The two theories operate with different mathematical concepts - 
the four dimensional Riemann space and the infinite dimensional Hilbert space, respectively. Therefore, from a 
mathematical perspective the two theories could not be united, that is, there exists no mathematical 
formulation to which both of these theories are approximationsΣ ǿƘƛƭŜ αall physicists believe that a union of the 
two theories is inherently possible and that they shall find itάΣ ό²ƛ9ύΦ  
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Note (9ƛƴǎǘŜƛƴΩǎ ŦƛŜƭŘ Ŝǉǳŀǘƛƻƴǎ ŀƴŘ ǘƘŜ Einstein-Hilbert action functional): The GRT is the probably most 
prominent example of a theory, which can derived from two conceptually different design processes; it can be 
ŜȄǇǊŜǎǎŜŘ ƛƴ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎΥ 9ƛƴǎǘŜƛƴΩǎ ŦƛŜƭŘ Ŝǉǳŀǘƛƻƴǎ ŀƴŘ ǘƘŜ Einstein-Hilbert action functional. 
 
Note (SRT and GRT): The special relativity theory is about the gravitational dynamics in the universe, where 
ŜŀŎƘ ƻŦ ǘƘŜ ŀŦŦŜŎǘŜŘ ǎƛƴƎƭŜ αŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜά ǘȅǇŜ ƛǎ ƳƻŘŜƭƭŜŘ ŀǎ ŀƴ ŜƭŜƳŜƴǘ ƻŦ ǘƘŜ aƛƴƪƻǿǎƪƛ ǎǇŀŎŜ-time 
continuum; mathematically speaking, this is a Banach space equipped with an indefinite inner product. The 
general relativity theory is about the gravitational dynamics in the universe, where each of the affected single 
αŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜά ǘȅǇŜ ƛǎ ƳƻŘŜƭƭŜŘ ŀǎ ŀƴ ŜƭŜƳŜƴǘ ƻŦ ŀ ŦƻǳǊ-dimensional Riemannian (space-time) manifold 
continuum; therefore, the GRT is a field on field theory.  
 

General relativity is the discovery that spacetime and the gravitational field are the same entity. What we call 
αǎǇŀŎŜǘƛƳŜά ƛǎ ƛǘǎŜƭŦ ŀ ǇƘȅǎƛŎŀƭ ƻōƧŜŎǘΣ ƛƴ Ƴŀƴȅ ǊŜǎǇŜŎǘǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ŦƛŜƭŘΦ ²Ŝ Ŏŀƴ ǎŀȅ ǘƘŀǘ Dw ƛǎ ǘƘŜ 
discovery that there ƛǎ ƴƻ ǎǇŀŎŜǘƛƳŜ ŀǘ ŀƭƭΦ ²Ƙŀǘ bŜǿǘƻƴ ŎŀƭƭŜŘ αǎǇŀŎŜάΣ ŀƴŘ aƛƴƪƻǿǎƪƛ ŎŀƭƭŜŘ αǎǇŀŎŜǘƛƳŜάΣ ƛǎ 
unmasked: it is nothing but a dynamic object ς the gravitational field ς in a regime in which we neglect its dynamics. 
ΧΦΣ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ƴƻǘ ƳŀŘŜ ǳǇ ƻŦ ŦƛŜƭŘǎ ƻƴ ǎǇŀcetime; it is made up of fields on fields, (RoC).  

 
Physically speaking, the Riemannian manifold continuum governs the gravitational movements of all affected 
mechanical matter/energies in the universe (replacing the Newton potential), while at the same time, those 
ƳƻǾŜƳŜƴǘǎ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ŎǳǊǾŀǘǳǊŜ όαƎŜƻƳŜǘǊȅάύ ƻŦ ǘƘŜ wƛŜƳŀƴƴƛŀƴ ƳŀƴƛŦƻƭŘΦ Lƴ ǎƛƳǇƭŜ ǿords, physical-
mechanical effects (actors on the stage) influence the mathematical framework (the geometry of the stage), 
while at the same time, the (stage) framework determines the actions of the actors. Needless to say, that in 
such an actor-stage dynamical world there is no room and opportunity for naturalists to observe the show on 
stage. 
 

! ǇǳǊŜƭȅ αƎŜƻƳŜǘǊƻŘȅƴŀƳƛŎǎά ǇǊƻŎƭŀƛƳǎ ŀ law without law at the basis of physics, where it is possible to derive the 
dynamical equations for matter and fields from the extremely simple but central identity of algebraic topology: the 
principle that the boundary of the boundary of a manifold is zero, (CiL) p. 49.  

 
Note: The prize being paid for a physical άǇǳǊŜƭȅ ƎŜƻƳŜǘǊƻŘȅƴŀƳƛŎǎέ interpretation is, (TrH1), 
 

- giving up the fundamental principle of nature, the least action principle 
- requiring so-called Einstein spaces 

o gravitation models without sources 
o not identical with SRT-Minkowski space equipped with an indefinite inner 

product.  
 
Note: Each Hilbert space is a Banach space; each Banach space is a metric space; each metric space is a 
topological space. However, only the Hilbert space has a geometric structure enabled by the inner product.  
 
Note όα9ƛƴǎǘŜƛƴΩǎ ƭƻǎǘ ƪŜȅΣ αŀ ǾŀǊƛŀōƭŜ ǎǇŜŜŘ ƻŦ ƭƛƎƘǘάΣ (UnA1)): This idea is in line with thoughts and models 
ŦǊƻƳ {ŎƘǊǀŘƛƴƎŜǊΣ aŀŎƘΣ 5ƛŎƪŜΣ {ŎƛŀƳŀΦ 5ƛŎƪŜΩǎ ǊŜƭŀǘŜŘ ǘƘŜƻǊȅ ƛǎ ƛƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ŀƭƭ ƪƴƻǿƴ ŦƻǳǊ ŎƭŀǎǎƛŎŀƭ 
tests of the GRT (light defection, gravitational shift, radar echo delay, perihelion advance of the planet 
aŜǊŎǳǊȅύΤ ŀƭǘƘƻǳƎƘ ǘƘƛǎ ǘƘŜƻǊȅ ƳŜŀƴǎ ŀ ƘǳƎŜ ǎƛƳǇƭƛŦƛŎŀǘƛƻƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ Dw¢Σ ƛǘΩǎ ǘƘŜ Dw¢-manifolds-on-
manifolds theory were all cosmology theories are refering to. 
 
Note (the four classical tests of the GRT): In (DeH) the four classical tests of the GRT, (1) light defection, (2) 
gravitational redshift, (3) radar echo delay, (4) the perihelion advance of the planet Mercury, are explained all 
with variable speed of light, tƘŜ ŜǎǎŜƴǘƛŀƭ ŎƻƴŎŜǇǘ ƻŦ 5ƛŎƪŜΩǎ ǘƘŜƻǊȅ ŀƴŘ 9ƛƴǎǘŜƛƴΩǎ ŦƻǊƳǳƭŀ ŀōƻǳǘ ǘƘŜ αŜŦŦŜŎǘ ƻŦ 
ƎǊŀǾƛǘŀǘƛƻƴŀƭ ŦƛŜƭŘά ƻƴ ŎƭƻŎƪǎΦ  
 

9ƛƴǎǘŜƛƴΩǎ ŦƻǊƳǳƭŀ ǎŀȅǎ ǘƘŜ ǎǇŜŜŘ ƻŦ ƭƛƎƘǘ ƴŜŀǊ ǘƘŜ ǎǳƴ ὧ ŘƛŦŦŜǊǎ ŦǊƻƳ αƴƻǊƳŀƭά ǎǇŜŜŘ ὧ only minutely, by a factor litte 

smaller than 1 that contains both the gravitational potential    (ὓ mass of the sun, ὶ distance from the sun) 

and the speed of light, c= ὧ ρ , (UnA1) pp. 77, 142. 

 
Note (symmetry and permanent elementary particles): !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ά.ƛƎ-.ŀƴƎ ¢ƘŜƻǊȅέ ƛn the early universe 
pressures and temperature prevented the permanent establishment of elementary particles. None of the 
invented elementary particles of the SMEP were able to form stable objects until the universe had cooled beyond 
the so-ŎŀƭƭŜŘ αsupergravity phaseά. α{ȅƳƳŜǘǊȅά ƛǎ thought of as an overall governing concept already existing 
during the chaos and flux of the early universe, before and during virtual particles are created and destroyed 
ǳƴǘƛƭ ǘƻŘŀȅΦ ¢Ƙƛǎ αǎȅƳƳŜǘǊȅά ŎƻƴŎŜǇǘ ƛǎ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀ αtime symmetric, mirror-like quality to 
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every interaction in the early universeάΦ tƘȅǎƛŎŀƭ Ŏonservation laws ƎƻǾŜǊƴŜŘ ōȅ ǘƘƛǎ αǎȅƳƳŜǘǊȅ ǇǊƛƴŎƛǇƭŜά limit 
the possible interactions between particles. Imaginary processes that violate conservation laws are forbidden. 
So the αexistence of symmetryά provides the source of order to the early universe. Technically speaking, the 
αǎȅƳƳŜǘǊȅά αƳƻŘŜƭƭƛƴƎ ŀǎǎǳƳǇǘƛƻƴά ƻŦ ǿƘŀǘŜǾŜǊ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ŜȄǇƭŀƛƴ 9Φ {ŎƘǊǀŘƛƴƎŜǊΨǎ ƻǊŘŜǊ-from-order 
mechanisms governing regular courses of events in natural sciences. The proposed physical modelling framework 
is purely based on a mathematical fundamental building block, which is governed by the fundamentally different 
{ƴƛǊŜƭΩƳŀƴ ŘŜƴǎƛǘies of odd and even integers is. 
 
Note (5ƛǊŀŎΩǎ (one system based) radiation theory of an electron): The two-component Maxwell-Mie system 
provides the concept of a single convection electromagnetic current. This Ǉǳǘǎ ǘƘŜ ǎǇƻǘ ƻƴ 5ƛǊŀŎΩǎ (one system 
based) radiation theory of an electron ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘǊŜŜ ŜƴŜǊƎȅ ŀǘǘǊƛōǳǘŜǎ ƻŦ ŀƴ αŜƭŜŎǘǊƻƴά ƻƴŜ ǉǳŀƴǘǳƳ 
ǎȅǎǘŜƳΣ ǘƘŜ αmechanical energyά ƻŦ ǘƘŜ ǉǳŀƴǘǳƳ ǎȅǎǘŜƳΣ ǘƘŜ αradiation energyά ƻŦ ǘƘŜ ǉǳŀƴǘǳƳ ǎȅǎǘŜƳΣ ŀƴŘ ŀ 
ǎƳŀƭƭ ǊŜƳŀƛƴƛƴƎ αcoupling energyά between the mechanical and the radiation energy of the quantum system. 
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d. Electromagnetism, quantum electrodynamics, and all that 
 

Note: Half of the four Maxwell equations, 
 

ὨὭὺὄᴆ π , ὶέὸὉᴆ ὄᴆ π ,  

 

ŀǊŜ αƧǳǎǘά ŀ ƳŀǘƘŜƳŀǘƛŎŀƭ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ὄᴆ. They are derived via a 

differentiating process, applying the div- resp. the rot-operator to the definition of the magnetic field ὄᴆȡ

ὶέὸὃᴆ, whereby ὃᴆ denotes an arbitrary (differentiable) vector field. In other words, there are no magnetic 
charges foreseen telling the fields, how to vary, (SuL).  
 
The other half of the Maxwell equations,  
 

ὨὭὺὉᴆ ”, ὶέὸὄᴆ Ὁᴆ ᴆ , 

 

are the consequences of a more specifically defined vector field  ὃᴆ. In this case there is an underlying scalar 

field of  ὃᴆ regarding the time variable, reflecting the space-time geometry structure. It enables the definition of 

an electric field Ὁᴆ given by, (SuL) 
 

Ὁᴆȡ
ᴆ
ὫὶὥὨὃ . 

 
In other words, only electric charges tell the electro-magnetic fields, how to vary. Reversely, there is only the 
Lorentz force 
 

Ὂᴆ Ὡὺᴆ ὄᴆ, 
 
ǿƘŜǊŜ αǘƘŜ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǘŜƭƭǎ ǘƘŜ ŜƭŜŎǘǊƻƴǎΣ Ƙƻǿ ǘƻ ƳƻǾŜάΦ CǊƻƳ ŀ ǇƘȅǎƛŎŀƭ ƳƻŘŜƭƭƛƴƎ ǇŜǊǎǇŜŎǘƛǾŜΣ ǘƘƛǎ 
αƛƳōŀƭŀƴŎŜά ŎƘŀƭƭŜƴƎŜ Ƙŀǎ ōŜŜƴ ƻǾŜǊŎƻƳŜ ōȅ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ αŘƛǎǇƭŀŎŜƳŜƴǘ ŎǳǊǊŜƴǘάΦ  
 
Note: The Maxwell equations unify the behaviour of electric fields, magnetic fields, and even the light; they are 
the first of the relativistic field equations, (PeR4) p. 441. The vanishing divergence of the charge-current vector 
provides the equation of conservation of electric charge in spacetime. The reason that it is referred to as a 
αŎƻƴǎŜǊǾŀǘƛƻƴ Ŝǉǳŀǘƛƻƴά ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ǘƘŜƻǊŜƳ ƻŦ ŜȄǘŜǊƛƻǊ ŎŀƭŎǳƭǳǎ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ŀƴ 
integration over a closed 3-surface Q in a Minkowski space, (PeR4) p. 446. 
 
Note (the energy tensor of the electromagnetic fields): The energy tensor of the electromagnetic fields is only 
known outside of the electrons. 
 
Note: Maxwell's equations determine the electromagnetic field, when the distribution of electric charges and 
currents is known. However, the laws which govern the currents and charges are not known: 
 

α²Ŝ Řƻ ƪƴƻǿΣ ƛƴŘŜŜŘΣ ǘƘŀǘ ŜƭŜŎǘǊƛŎƛǘȅ Ŏƻƴǎƛǎǘǎ ƻŦ ŜƭŜƳŜƴǘŀǊȅ ǇŀǊǘƛŎƭŜǎ όŜƭŜŎǘǊƻƴǎΣ ǇƻǎƛǘƛǾŜ ƴǳŎƭŜƛύΣ ōǳǘ ŦǊƻƳ ŀ 
theoretical point of view we cannot comprehend this. We do not know the energy factors which determine the 
distribution of electricity in particles of definite size and charge, and all attempts to complete the theory in this 
direction have failed. If then we can build upon Maxwell's equations at all, the energy tensor of the electromagnetic 
field is known only outside the charged particles. In these regions, outside of charged particles, the only regions in 

which we can believe that we have the complete expression for the energy tensor, we have π.ά (EiA4). 

 
Note (CΦ 9ƘǊŜƴƘŀŦǘΩǎ photophoresis): Classical theoretical physics does not known about magnetism, (RoH). F. 
EhrenhaftΩǎ ŘƛǎŎƻǾŜǊȅ ƻŦ ǘƘŜ αǇƘƻǘƻǇƘƻǊŜǎƛǎά ǇƘŜƴƻƳŜƴƻƴ ŘƛǎŎƻǾŜǊȅ is still neglected, (EhF) p. 243.  
 

9ƘǊŜƴƘŀŦǘΩǎ αǇƘƻǘƻǇƘƻǊŜǎƛǎά ƛǎ ŀōƻǳǘ ƭƛƎƘǘ ƛƴŘǳŎƛƴƎ ƴƻǘ ƻƴƭȅ ŜƭŜŎǘǊƛŎ ōǳǘ ŀƭǎƻ ƳŀƎƴŜǘƛŎ ŎƘŀǊƎŜǎ όǇƻƭŜǎύ ǳǇƻƴ ǘƘŜ 
particles if they are illuminated by concentrated light preponderantly shorter wave lengths. 

 
The proposed electromagnetic dynamical quanta field pair provides an appropriate model for CΦ 9ƘǊŜƴƘŀŦǘΩǎ 
discovery. 
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Note: The experimental observations of the spectra of atoms and their decomposition into magnetic and 
electric fields showed a decomposition of spectral lines or of electron beams into an even number of 
components, while the angular momentum multiplets were only composed by an odd number of multiplets 
with the numbers ςὰ ρ, (RoH) p. 217. 
 
Note (quantum electrodynamics, or the theory of the Lamb shift): ²ƘŜǊŜŀǎ bŜǿǘƻƴΩǎ ǘƘŜƻǊȅ ƻŦ ƎǊŀǾƛǘŀǘƛƻƴ ǎǘƛƭƭ 
had obvious connections with experience, experience entered the formulation of matrix mechanics only in the 
ǊŜŦƛƴŜŘ ƻǊ ǎǳōƭƛƳŀǘŜŘ ŦƻǊƳ ƻŦ IŜƛǎŜƴōŜǊƎΩǎ ǇǊŜǎŎǊƛǇǘƛƻƴǎΦ ¢ƘŜ ǉǳŀƴǘǳƳ ǘƘŜƻǊȅ ƻŦ ǘƘŜ [ŀƳō ǎƘƛŦǘΣ ŀǎ ŎƻƴŎeived 
by Bethe and established by Schwinger, is a purely mathematical theory and the only direct contribution of 
experiment was to show the existence of a measurable effect. The agreement with calculation is better than 
one part in a thousand, (WiE). 
 
Note (gauge bosons; field quanta): Gauge bosons arise spontaneously without external influence and you can 
freely select certain parameters locally without anything changing of the related interaction. 
 
Note: In the Maxwell theory and the related SMEP the spin of an elementary particle is its eigen-rotation with 
exactly two rotation axles, one parallel and one anti-parallel axis to a magnetic field. This is the ς ς complex 
number scheme Ὓὒςȟὅ ḙὛὟςΣ ǿƘŜǊŜ ŜǾŜǊȅ αƴƻǊƳŀƭά Ǌƻǘŀǘƛƻƴ ƛǎ ŎƻƴǘŀƛƴŜŘ ǘǿƛŎŜΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ŀƴ 
ŜƭŜŎǘǊƻƴ Ƙŀǎ ŀ ŎƘŀǊƎŜ ƻƴƭȅ ƘŀƭŦ ƻŦ ǘƘŜ tƭŀƴŎƪΩǎ ǉǳŀƴǘǳƳ ƻŦ ŀŎǘƛƻƴΦ Lǘ ƛǎ ŀǇǇƭƛŜŘ ƛƴ describing the transformation 
properties of spinors. 
 
Remark: In the proposed framework aŀȄǿŜƭƭΩǎ αline currentά (of a conductor) and the related sophisticated 
(time- and initial-value depending isolator) αdisplacement currentά (both restricted to the cross section area of 
ǘƘŜ ƛƳŀƎƛƴŀǊȅ αsemi-conductor ƭƛƴŜάύ ŀǊŜ ǊŜǇƭŀŎŜŘ ōȅ ǘǊǳƭȅ αmechanical energyά based electricity and magnetism 
fields governed by an overall conservation of total (mechanical and dynamical) energy. 
 
Note: aƛŜΩǎ ǘƘŜƻǊȅ ƛǎ ŀōƻǳǘ ŀƴ ŜƭŜŎǘǊƛŎ ǇǊŜǎǎǳǊŜ ŦƛŜƭŘ ŎƻǳƴǘŜǊōŀƭŀƴŎƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŦƛŜƭŘ Ὁ of the Maxwell 
equation.  
 

Lƴ ǘƘŜ ǎǘŀǘƛŎŀƭ ŎŀǎŜ aƛŜΩǎ Ŝǉǳŀǘƛƻƴ ǎǘŀǘŜǎ ǘƘŀǘ % ÇÒÁÄɮ π that is, the electric force % is counterbalanced in the 
ŜǘƘŜǊ ōȅ ŀƴ αŜƭŜŎǘǊƛŎŀƭ ǇǊŜǎǎǳǊŜά ɮ, (WeH1) p. 206 ff. 

 
Note (cohesive Mie-pressure): Nuclides are composed by a combination of different atomic mechanical 
quantum systems. The corresponding percentage distributions of those three . ȟ atomic types in a nuclide 
determines related potential differences between the affected two-component mathematical and/or 
ŘȅƴŀƳƛŎŀƭ ŦƛŜƭŘǎΣ ƛΦŜΦ ǘƘŜ αŎƻƳǇŜƴǎŀǘƛƻƴ ǇǊƛƴŎƛǇƭŜά ƎƻǾŜǊƴǎ ǘƘŜ ŘŜŎŀȅ ǇǊƻōŀōƛƭƛǘȅ ǊŜǎǇΦ ǘƘŜ ƭƛŦŜ ǎǇŀƴ ƻŦ ŀ 
nuclide. The individual decay probabilities of the three mechanical quanta . ȟ may be interpreted as three 
ƛƴŘŜǇŜƴŘŜƴǘ αŎŀƭƭƛōǊŀǘƛƻƴ ŀǘƻƳƛŎ ŎƭƻŎƪǎά ŜƴŀōƭƛƴƎ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ƻŦ ǘƘŜ ƭƛŦŜ ǎǇŀƴ ƻŦ ŎƻƳǇƻǎŜŘ ƴǳŎƭƛŘŜǎΦ 
 
Note (cohesive Mie-pressure): The positronium .  can be interpreted as an atomic nucleus composed by a 
ǇǊƻǘƻƴ ŀƴŘ ŀ ƴŜǳǘǊƻƴΣ ǿƘƛŎƘ ŀǊŜ ƪŜǇǘ ǘƻƎŜǘƘŜǊ ōȅ ǘƘŜ αŎƻƘŜǎƛǾŜ aƛŜ-ǇǊŜǎǎǳǊŜά ƻŦ ƛǘǎ ŘȅƴŀƳƛŎŀƭ ŀƴǘƛ-quanta, 
which in this case is an electron, (WeH1) p. 206 ff. Analogous, the electronium can be interpreted as an atomic 
ƴǳŎƭŜǳǎ ŎƻƳǇƻǎŜŘ ōȅ ŀƴ ŜƭŜŎǘǊƻƴ ŀƴŘ ŀ ƴŜǳǘǊƻƴΣ ǿƘƛŎƘ ŀǊŜ ƪŜǇǘ ǘƻƎŜǘƘŜǊ ōȅ ǘƘŜ ααŎƻƘŜǎƛǾŜ aƛŜ-ǇǊŜǎǎǳǊŜά ƻŦ 
its dynamical anti-quanta, which in this case is a positron. In this sense, those two mechanical nuclei provide a 
model for the electric and magnetic conductivity of the related atomic type. 
 
Note (cohesive Mie-pressure): The dynamical anti-quanta pairs provide the so-called Mie-pressure. This 
concept was proposed by G. Mie to modify the Maxwell equations to solve the underlying problem of matter 
by explaining why the field possesses a granular structure and why the knots of energy remain intact in spite of 
the back-and-ŦƻǳǊǘƘ ŦƭǳȄ ƻŦ ŜƴŜǊƎȅ ŀƴŘ ƳƻƳŜƴǘǳƳάΣ ό²ŜIύ ǇΦ мтмΦ ¢ƘŜ ǳƴŘŜǊƭȅƛƴƎ ǇǊƻōƭŜƳ ƻŦ ƳŀǘǘŜǊ ƻŦ ǘƘŜ 
Maxwell equations is, that they cannot hold the interior of the electron. (WeH1) p. 206 ff.. Consequently, the 
proposed model omits the purely-electricity flux model: the electric flux in the Maxwell theory is defined as the 
ǎǳƳ ƻŦ ŀ ŎƻƴŘǳŎǘƻǊ ǎǇŜŎƛŦƛŎ ƭƛƴŜ ŎǳǊǊŜƴǘ ŀƴŘ ŀƴ ǾƛǊǘǳŀƭ ƛǎƻƭŀǘƻǊ ōŀǎŜŘ ŘƛǎǇƭŀŎŜƳŜƴǘ ŎǳǊǊŜƴǘ αƎƻǾŜǊƴŜŘ ōȅά ŀƴ ŀ 
priori physical existing (time-independent) charged electron without any physical case specific initial value. 
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Note (cohesive Mie-pressure): Lƴ ŀ αŘƛǎŀƎƎŜƎǊŀǘŜŘά one-component Maxwell-Mie system the two-component 
Maxwell-aƛŜ ǎȅǎǘŜƳ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ αŜƭŜŎǘǊƛŎ ŀƴŘ ƳŀƎƴŜǘƛŎ ǇǊŜǎǎǳǊŜά ŀƴŘ ōȅ ŜƭŜŎǘǊƛŎŀƭ ŀƴŘ 
magnetical currents reduces to an (only first order approximation) electric displacement current, and the 
electric field in a vacuum reduces to an electric (virtual) displacement current. 
 
Note (cohesive Mie-pressure): The Maxwell fields can carry energy from one place to another. It describes the 
electricity dynamics of an a priori existing charged elementary particle (electron) in an idealized semiconductor 
world governed by an electric and a magnetic field induced by the sum of a line current (in an electrical 
conductor world) and a so-called displacement current (a cross-section line reduced 1st order approximation of 
ŀƴ ŜƭŜŎǘǊƛŎŀƭ ƛƴǎǳƭŀǘƻǊ ǿƻǊƭŘ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ƴƻǘƛƻƴǎ ƻŦ αǘƛƳŜά ŀƴŘ αŘƛǎǘŀƴŎŜάύΦ aŀǘƘŜƳŀǘƛŎŀƭƭȅ ǎǇŜŀƪƛƴƎΣ 
the energy tensor of the electromagnetic fields is only known outside of the electron (particle).  
 
Remark (The principle of αǇƻǘŜƴǘƛŀƭ ŎƻƳǇŜƴǎŀǘƛƻƴ between quanta pair ŦƛŜƭŘǎά): The principle is in line with the 
ƳƻŘŜƭƭƛƴƎ ŦŜŀǘǳǊŜ ƻŦ ǘƘŜ aŀȄǿŜƭƭ Ŝǉǳŀǘƛƻƴǎ αǘƻ carry energy from one dynamical system to the otherάΦ ¢ƘŜ ŀƭƭ 
encompassing overall system provides the modelling framework for an overall conservation of energy principle. 
 
Remark: In an one-component Maxwell-Mie system the complex Lorentz transform reduces back to the 
restricted Lorentz group accompanied with related restrictions of physical quantity invariances, while still 
keeping, e.g., the time symmetry properties of hyperbolic PDE models equipped with improper properties of 
ǳƴŘŜǊȅƭƛƴƎ ƻǇŜǊŀǘƻǊ ŘƻƳŀƛƴǎΦ ¢ƘŜ ǇŀǊŀōƻƭƛŎ αǘƛƳŜ ŀǊǊƻǿά ǊŜǉǳƛǊŜƳŜƴǘ ǎŜŜƳǎ ǘƻ ǇƻǇ ǳǇ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜΣ 
ǿƘŜƴ ƳŜŎƘŀƴƛŎŀƭ ƳŀǘǘŜǊ ōŜŎƻƳŜǎ ǇƘȅǎƛŎŀƭ ǊŜŀƭƛǘȅ ƎƻǾŜǊƴŜŘ ōȅ ǘƘŜ αǇƻǘŜƴǘƛŀƭ ŎƻƳǇŜƴǎŀǘƛƻƴ ǇǊƛƴŎƛǇƭŜά 
accompanied by nuclide specific atomic clocks. 
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e. SMEP and all that 
 

Note ό5ƛǊŀŎΩǎ όǉǳŀƴǘǳƳύ ǎƛƴƎƭŜ ǎȅǎǘŜƳ ƳƻŘŜƭύΥ 5ƛǊŀŎΩǎ όŜƭŜŎǘǊƻƴύ ǎƛƴƎƭŜ ǎȅǎǘŜƳ ƳƻŘŜƭ is basically about an 
elementary particle accompanied by three energy type attribute values and two particle type values. The three 
energy type attribute values describe the the energy of the atom, the electromagnetic energy of the radiation 
field, and the (small) coupling energy of the atom and the radiation field: 
 

α5ƛǊŀŎΨǎ ǘƘŜƻǊȅ ƻŦ ǊŀŘƛŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ŀ ǾŜǊȅ ǎƛƳǇƭŜ ƛŘŜŀΤ ƛƴǎǘŜŀŘ ƻŦ ŎƻƴǎƛŘŜǊƛƴƎ ŀƴ ŀǘƻƳ ŀƴŘ ǘƘŜ ǊŀŘƛŀǘƛƻƴ ŦƛŜƭŘ ǿƛǘƘ 
which it interacts as two distinct systems, he treats them as a single system whose energy is the sum of three terms: 
one representing the energy of the atom, a second representating the electromagnetic energy of the radiation field, 
ŀƴŘ ŀ ǎƳŀƭƭ ǘŜǊƳ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ŎƻǳǇƭƛƴƎ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ŀǘƻƳ ŀƴŘ ǘƘŜ ǊŀŘƛŀǘƛƻƴ ŦƛŜƭŘάΣ όCŜ9ύΦ 

 
The two particle type attribute values distinguish between spin(0) and spin(1/2) elementary particles (the 
spin(1/2) hypothesis).  
 

αLŘŜƴǘƛŎŀƭ ǇŀǊǘƛŎƭŜǎ ƻōŜȅ ŜƛǘƘŜǊ CŜǊƳƛ ǎǘŀǘƛǎǘƛŎǎ ƻǊ .ƻǎŜ ǎǘŀǘƛǎǘƛŎǎΤ Χ 9ƭŜŎǘǊƻƴǎ ƻōŜȅ CŜǊƳƛ ǎǘŀǘƛǎǘƛŎǎΦ ¢ƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ 
statistics of nuclei, we shall investigate how an exchange of identical nuclei will affect the sign of the wave function 
for a moleculŜάΣ ό.ŜIύ ǇΦ нлΦ 

 
Note (determining nuclear spin): αEach nucleus has an intrinsic angular momentum which interacts with 
angular momenta of electrons or other nuclei. It is measured in units of the Planck constant and, according to 
quantum mechanics, can take only integral or half-integral values. Three methods of determining nuclear spin 
areά, (BeH) p. 19: 
 

- Hyperfine structure of spectra 
- Zeeman spectra 
- Band spectra. 

 
Note: αIn the most simple case of a 1D Coulomb potential box the solutions of the Dirac model can be 
interpreted as scattering or binding of particles or anti-particlesά, (WaA) p. 185. 
 
Note (interaction effects between electro-ǎǇƛƴ ŀƴŘ ƴǳŎƭŜŀǊ ǎǇƛƴύΥ 5ƛǊŀŎΩǎ ǊŜƭŀǘƛǾƛǎǘƛŎ ǉǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎǎ ƛǎ ƻƴƭȅ 
concerned with the main part between the interaction effects between electro-spin and nuclear spin governed 
ōȅ ǘƘŜ /ƻǳƭƻƳō ǇƻǘŜƴǘƛŀƭΦ ¢ƘŜ α[ŀƳō ǎƘƛŦǘά ǇƘŜƴƻƳŜƴƻƴ ƛǎ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ǘƘŜ ǊŀŘƛŀǘƛƻƴ ŎƻǊǊŜŎǘƛƻƴ ǘŜǊƳ ƻŦ ǘƘƛǎ 
approximation, i.e., from a modelling perspective the Lamb shift phenomenon is interpreted as a consequence 
of interaction between the electron and fluctuations of a quantized radiation field.  
 
Note: αAll in all, there are many indications that electrons, including their strange spin behavior, are described 
more simple by Ὓ ḙὛὟς. In any case, despite the elegant representation Dirac had developed, it cannot be 
claimed that this sheds light on the reason for the existence of spinά, (UnA2) p. 183. 
 
Note (scattering processes): αScattering processes are an important theoretical tool to explore microscopic 
interaction effects. The interpretation of the considered experiments resulted into the large number of 
propagated elementary particles of the SMEP, because on the short range energy level there was the need for 
ǘǿƻ ŀŘŘƛǘƛƻƴŀƭ αǎǘǊƻƴƎ ŀƴŘ ǿŜŀƪά 9t ƛƴǘŜǊŀŎǘƛƻƴ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎΦ ¢ƘŜ ŎǳǊǊŜƴǘ ǎǳǇǇƻǎƛǘƛƻƴ ƛǎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ǘƘǊŜŜ 
related quantum field theories, the QED, the QCD, and the QFDά, (WaA) p. 189. 
 
Note: The Standard Model of Elementary Particles (SMEP) is concered with gauges theory and variational 
principles. The gauge invariance is the main principle in current SMEP theory. Each of the three observed or 
ŀǎǎǳƳŜŘ αŦƻǊŎŜǎάΣ ǘƘŜ ǿŜŀƪ & strong forces of particle interactions, and the electromagnetic interactions are 
related to a specific gauge group. Conceptually, the SMEP starts with a set of fermions, e.g. the electron in 
quantum electrodynamics. If a theory is invariant under transformations by a symmetry group one obtains a 
conservation law and quantum numbers. Gauge symmetries are local symmetries that act differently at each 
space-time point. They automatically determine the interaction between particles by introducing bosons that 
mediate the interaction. Ὗρ, the complex unit circle numbers, describes the electromagnetic interaction with 
one boson (9ƛƴǎǘŜƛƴΨǎ photon) and one quantum number (charge Q). The group ὛὟς of complex, unitary 
(2x2) matrices with determinant 1 describes the weak force interaction with three bosons ὡ , ὡ , ὤ, while 
the group ὛὟσ of complex, unitary σὼσ matrices describes the strong force interaction with eight bosons 
(gluons). 
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Note (Yang-Mills theory and the mass gap): The classical Yang-Mills theory is the generalization of the Maxwell 
theory of electromagnetism where the chromo-electromagnetic field itself carries charges. As a classical field 
theory it has solutions which travel at the speed of light so that its quantum version should describe massless 
particles (gluons). However, the postulated phenomenon of color confinement permits only bound states of 
gluons, forming massive particles. This is the mass gap.  
 
Note: In SMEP the group ὛὟςḙὛὒςȟὅ describes the weak force interaction with 3 bosons ὡ , ὡ , ὤ, 
while the charged particles ὡ , ὡ  have resemblance to positrons and electrons, and the neutral ὤ particle 
corresponds to the photon, (UnA3) S. 191. Lǘ ŘŜǎŎǊƛōŜǎ ǘƘŜ αƘƻǿά ƻŦ ǘƘŜ -decay process. This is the (about 15 
minutes) decay of a neutron into a proton, an electron, and an antineutrino. Unfortunately, this (weak 
ƛƴǘŜǊŀŎǘƛƻƴ ǇǊƻŎŜǎǎύ ǘƘŜƻǊȅ ŘƻŜǎ ƴƻǘ ǎŀȅ ŀƴȅǘƘƛƴƎ ŀōƻǳǘ ǘƘŜ αǿƘȅά ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǊŜƭŀǘŜŘ ǇƘȅǎƛŎŀƭ ƭŀǿǎΦ 
 
Note (-decay):  αbƻōƻŘȅ ƪƴƻǿǎ ǘƻ ǘƘƛǎ ŘŀȅΣ ǿƘȅ ǘƘƛǎ ǇǊƻŎŜǎǎ ƻŎŎǳǊǎ ŀƴŘ ǘŀƪŜǎ ƻƴƭȅ мр ƳƛƴǳǘŜǎΦ ¢ƘŜ αƘƻǿ-
ǇǊƻŎŜǎǎά ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜ ǎȅƳƳŜǘǊȅ ƎǊƻǳǇ ὛὟς is based on the idea that there is a physical substance called 
ƴǳŎƭŜƻƴ ǿƛǘƘ ǘǿƻ ǎǘŀǘŜǎΣ ŎŀƭƭŜŘ αƴŜǳǘǊƻƴά ŀƴŘ αǇǊƻǘƻƴά όǘƘŜ ǘǿƻ αǎǇƛƴ-ǎǘŀǘŜǎά ƻŦ ŀ ƴǳŎƭŜƻƴύΣ ŀƴŘ ǿƘŜǊŜ ǘƘŜ Ǌƻƻǘ 
ŎŀǳǎŜ ƻŦ ǘƘŜƛǊ αŦƻƭŘƛƴƎ ƻǾŜǊκŦƭƛǇǇƛƴƎά ƛǎ ŎŀƭƭŜŘ αǿŜŀƪ ƛƴǘŜǊŀŎǘƛƻƴά όǿƘƛŎƘ ƛǎ ƴƻǘ ŀ αŦƻǊŎŜά ƛƴ ŀ ǘǊǳŜ ǎŜƴǎŜ ƻŦ ǘƘƛǎ 
word)ά, (UnA3) p. 189. 
 
Note: A mathematical curiousity in the electroweak theory: 
 

αLƴ ǘƘŜ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭ ǘƘŜ ǿŜŀƪ ŀƴŘ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀǊŜ ǳƴƛŦƛŜŘ ƛƴ ǿƘŀǘ ƛǎ ŎŀƭƭŜŘ ŜƭŜŎǘǊƻǿŜŀƪ 
theory, where there is a special symmetry related to 7 ȟ7 ȟ:, and the photon ɾ, according to the groups 
35ς 5ρ or, more correctly, 5ς. The group might be expressed as 35ς 5ρȾ:, where the ᴂȾ:ᴂ means 
αŦŀŎǘƻǊ ƻǳǘ ōȅ ŀ  : ǎǳōƎǊƻǳǇάΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ǎǳŎƘ ǎǳōƎǊƻǳǇΣ ǎƻ ǘƘƛǎ ƴƻǘŀǘƛƻƴ ƛǎ ƴƻǘ Ŧǳƭƭȅ ŜȄǇƭƛŎƛǘΦ 
The notation ᴂ5ςᴂ automatically picks out the correct one. (I am grateful to Florence Tsou for this observation.) It 
seems that the reason that the electroweak symmetry group is not conventionally referred to as ᴂ5ςᴂ is that this 
does not easily extend to the symmetry of the full standard model, which also incorporates the strong symmetry 
group 35σ, the full group being a version 35σ 35ς 5ρȾ:ά, (PeR4) p. 641, 654.  

 
Note Higgs P. W., Spontaneous Symmetry Breakdown without Massless Bosons, (HiP) 
 

Abstract: We examine a simple relativistic theory of two scalar fields, first discussed by Goldstone, in which as a result 
of spontaneous breakdown of Ὗρ symmetry one of the scalar bosons is massless, in conformity with the Goldstone 
theorem. When the symmetry group of the Lagrangian is extended from global to local Ὗρ transformations by the 
introduction of coupling with a vector gauge field, the Goldstone boson becomes the longitudinal state of a massive 
vector boson whose transverse states are the quanta of the transverse gauge field. A perturbative treatment of the 
model is developed in which the major features of these phenomena are present in zero order. Transition amplitudes 
for decay and scattering processes are evaluated in lowest order, and it is shown that they may be obtained more 
directly from an equivalent Lagrangian in which the original symmetry is no longer manifest. When the system is 
coupled to other systems in a Ὗρ invariant Lagrangian, the other systems display an induced symmetry breakdown, 
associated with a partially conserved current which interacts with itself via the massive vector boson. 

 
Note (The Higgs mechanism): αThe Higgs mechanism of spontaneous symmetry breakdown allows gauge fields 
to acquire mass. In spite of these refinements, the basic fact remains that the existence of gauge fields is a 
consequence of the existence of gauge-invariant action densities for particle fieldsάΣ ό.ƭ5ύ ȄƛΦ Lǘ builds on an 
extended from global to local U(1) transformations symmetry group of the underlying Lagrangian. It explains 
the mass of the gauge W- and Z- όǿŜŀƪ ƛƴǘŜǊŀŎǘƛƻƴύ ōƻǎƻƴǎ ƻŦ ǘƘŜ ǿŜŀƪ άƴǳŎƭŜŀǊ-ŦƻǊŎŜέΦ  

 
Note (Yang-Mills type forces and the Higgs mechanism): 
άIt is fine that the gauge field of electromagnetism has zero mass because there the force is mediated by 
photons, which are massless. However, Yang-Mills type forces must arise from the exchange of massive 
particles because of the observed short range of these forces. The Higgs mechanism helps in two ways. First, 
gauge fields can acquire mass by the symmetry breaking. Second, the undesirable Goldstone bosons (which 
arise in the symmetry-breaking process) can be usually gauged awayέΣ ό.ƭ5ύ млΦоΦ 
 
Note: The underyling Lie-groups of the SMEP and the Teichmüller theory are related to the several unit spheres 
in the following form 

 
- the ρ-dimensional unit sphere Ὓ in Ὑ  corresponds to the Lie group Ὗρ. The related number 

grid is built by the Eisenstein numbers 
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- the compactification of the field of complex numbers ὅ, the Riemann sphere, is homeomorphic 
to Ὓ. It plays a key role in the Teichmueller theory. We note the relationship of the 
Teichmüller space with the fractional Hilbert space ὌȾ , (NaS) 

- the σ-dimensional Ὓ unit sphere is isomorphic to ὛὟς 
- the Ὓ and Ὓ are the only spheres with a "continuous" group structure, (EbH) 7.2. The groups 
Ὓ and Ὓ have parameter representations, (EbH) 3.5.4 (2'), 7.3.2 (3). The spheres ὛȟὛȟὛȟὛ 
are the only parallelizable spheres. 

 
Note: The complex Lorentz group associated with ὛὒςȟὅṧὛὒςȟὅ ḙὛὟςṧὛὟς plays a key role in 
the proof of the PCT theorem, where PCT stands for P = space inversion; T = time inversion; C = charge 
conjugation. This theorem is one of the rarely theorem, which is mathematically proven like the Noether 
theorem. 
 
Note (the hidden symmetry of the Coulomb problem): The Coulomb problem has the symmetry group 
ὛὟςṧὛὟς, (RoH) p. 172. 
 
Note (solid state physics, phonon): αThe energy of a lattice vibration is quantized. The quantum of energy is called 
a phonon in analogy with the photon of the electromagnetic wave. ... The energy of an elastic mode of angular 
frequency and the related zero point energy of the mode are equivalent to a quantum harmonic oscillator  

frequency, the energy eigenvalues in the form ὲ   A phonon of wavevector ὑ will ...  .  and  

interact with particles such as photons, neutrons, and electrons as if it had a momentum ὑ. However, a phonon 

does not carry physical momentumά, (KiC) p. 99. 
 
Note (free-electron theory and an infinite resistance of insulators): Insulators show a specific resistance to 
electricity which may be ρπ times greater than that of metals, which is a phenomenon never properly 
understood on the basis of the "real theory,": 
 

α¢ƘŜ ǎǳŎŎŜǎǎ ƻŦ .ƻƘǊΩǎ ŜŀǊƭȅ ŀƴŘ ǇƛƻƴŜŜǊƛƴƎ ƛŘŜŀǎ ƻƴ ǘƘŜ ŀǘƻƳ ǿŀǎ ŀƭǿŀȅǎ ŀ ǊŀǘƘŜǊ ƴŀǊǊƻǿ ƻƴŜ ŀƴŘ ǘƘŜ ǎŀƳŜ ŀǇǇƭƛŜǎ 
ǘƻ tǘƻƭŜƳȅΩǎ ŜǇƛŎȅŎƭŜǎΦ hǳǊ ǇǊŜǎŜƴǘ ǾŀƴǘŀƎŜ Ǉƻƛƴǘ ƎƛǾŜǎ ŀƴ ŀŎŎǳǊŀǘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ŀƭƭ ǇƘŜƴƻƳŜƴŀ ǿƘƛŎƘ ǘƘŜǎŜ ƳƻǊŜ 
primitive theories can describe. The same is not true any longer of the so-called free-electron theory, which gives a 
marvelously accurate picture of many, if not most, properties of metals, semiconductors, and insulators. In particular, 
it explains the fact, never properly understood on the basis of the "real theory," that insulators show a specific 
resistance to electricity which may be ρπ times greater than that of metals. In fact, there is no experimental 
evidence to show that the resistance is not infinite under the conditions under which the free-electron theory would 
lead us to expect an infinite resistance. Nevertheless, we are convinced that the free-electron theory is a crude 
approximation which should be replaced, in the description of all phenomena concerning solids, by a more accurate 
picture. If viewed from our real vantage point, the situation presented by the free-electron theory is irritating but is 
not likely to forebode any inconsistencies which are unsurmountable for us. The free-electron theory raises doubts as 
to how much we should trust numerical agreement between theory and experiment as evidence for the correctness 
of tƘŜ ǘƘŜƻǊȅΦ ²Ŝ ŀǊŜ ǳǎŜŘ ǘƻ ǎǳŎƘ Řƻǳōǘǎά, (WiE).  
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f. Plasma 
 

Note: The high level plasma definition is about a neutral gas composed by many electrical charged (and also 
neutral) particles, those behavior is primarily determined by their collective degrees of freedom, (SpK). 
 
Note (Plasma): Plasma is an ionized gas consisting of approximately equal numbers of positively charged ions 
and negatively charged electrons. The nearly equal numbers of the plasma electron & positron elements is the 
most relevant physical differentiator between plasma matter states anŘ αǎǘŀƴŘŀǊŘά ƳŀǘǘŜǊ ǎǘŀǘŜǎΦ  
 
Plasma physics is about classical statistical fluid mechanics and classical fluid dynamics. The underlying related 
mathematical models are grouped by different physical application areas resp. chosen mathematical tools 
ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ŎƻǊǊŜǎǇƻƴŘƛƴƎƭȅ ŘŜŦƛƴŜŘ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ αǇƭŀǎƳŀ ƳŀǘǘŜǊ ƎŀǎŜǎά όαƘƻǘάΣ αƳŜŘƛǳƳάΣ αŎƻƭŘάύΣ 
e.g., there are 
 

- neutral and plasma gas models, (BiJ), (ChF), (DeR) 
- radiation fluid hydrodynamics, (MiD) 
- gas dynamics and radiation hydrodynamics in astrophysics (ShF)  
- magnetodynamics in plasma physics (CaF) 
- flow radiation and vortices in superfluids (AnJ) 
- condensation energy in the Ginzburg-Landau model (AnJ) 
- magnetism in condensed matter, (BlS). 

 
Note: The number of neutral particles (atomes or molecules) is irrelevant for the definition of a plasma. The 
number of positively and negatively charged particles per considered volume element may be arbitrarily small 
oder arbitrarily large, but both numbers need to be approximately identical (in order to have no internal 
macroscopic electrostatic  fields, (BiJ) p. 46.  
 

A cycloton radiation occurs in magnetized plasmas, due to the magnetic centripetal acceleration of the charged 
particles as they spiral about magnetic fields, (BiJ) p. 6. The condition for a low-density plasma is that the average 
time between collisions is much more greater than the cyclotron period. α/ƻƭŘά ǇƭŀǎƳŀ ƛǎ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ (Non-
Maxwellian-Boltzmann) electron velocity distribution under equilibrium conditions and at rest, given by Ὂ ὺ
ὲὺ ὺ ὺ Σ ό.ƛWύ ǇΦ пфнΦ ! ǇƭŀǎƳŀ ƛǎ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ōŜƛƴƎ αƘƻǘάΣ ƛŦ ƛǘ ƛǎ ƴŜŀǊƭȅ Ŧǳƭƭȅ ƛƻƴƛȊŜŘΦ 

9ȄŀƳǇƭŜǎ ƻŦ Ŧǳƭƭȅ ƛƻƴƛȊŜŘ ǇƭŀǎƳŀ ŀǊŜ ǘƘŜ ǎƻƭŀǊ ǿƛƴŘ όƛƴǘŜǊǇƭŀƴŜǘŜǊȅ ƳŜŘƛǳƳύΣ ǎǘŜƭƭŀǊ ƛƴǘŜǊƛƻǊǎ όǘƘŜ ǎǳƴΩǎ ŎƻǊŜύΣ ŀƴŘ 
fusion plasmas (plasma-universe.com). 

 
Note όǘƘŜ αƘƻǘά ǾǎΦ αŎƻƭŘά ǇƭŀǎƳŀ ƳƻŘŜƭƭƛƴƎ ŎŀǎŜύΥ ¢ƘŜ αƘƻǘ όŎƻƭƭƛǎƛƻƴǎŦǊŜŜύ ǇƭŀǎƳŀά corresponds to purely 
αŘȅƴŀƳƛŎŀƭ ǇƭŀǎƳŀάΦ ¢ƘŜ αŎƻƭŘ ǇƭŀǎƳŀά corrresponds to αŘȅƴŀƳƛŎŀƭ electromagneticǎάΦ ¢ƘŜ αƳŜŘƛǳƳ ƘŜŀǘ 
ǇƭŀǎƳŀά ƳƻŘŜƭƭƛƴƎ ŎŀǎŜ ƛǎ ǘƘŜ ƎƛǾŜƴ ōȅ ǘƘŜ ǊŜƭŀǘŜŘ ǿŜƛƎƘǘ ŦŀŎǘƻǊǎ ƻŦ ǘƘŜ ŎŀǎŜ ǎǇŜŎƛŦƛŎ Ǌŀǘƛƻ between the 
affected two quanta pairs. 
 
Note (Plasma dynamics): Plasma is that state of matter in which the atoms or molecules are found in an ionized 
state. The interactions of electrons and ions are determined by long-range electrical forces. The many forms of 
collective motion in a plasma are the result of coupling the charged-particle motion to the electromagnetic 
field. Therefore, the electromagnetic field which accompanies the particle motion is also a random 
nonreproducible quantity in a turbulent plasma. Measurements have shown that the fields excited in a plasma 
during the development of turbulence do in fact have a random nature, (TsV) p. 4. 
 
Note (The Landau damping phenomenon): αLandau damping is a characteristic of collisionless plasmas, but it 
may also have application in other fields. For instance, in the kinetic treatment of galaxy formation, stars can be 
considered as atoms of a plasma interaction via gravitational rather then electromagnetic forcesάΣ ό/ƘCύ ǇΦ нпрΦ  
 
Note (The Landau damping phenomenon): The Landau damping phenomenon is a wave damping without 
energy dissipation by elementary particle collisions, i.e., it is about the possibility of resonance between the 
wave phase velocity and the velocity of individual electrons. 
 

ό5Ŝwύ ǇΦ фпΥ α¢ƘŜ [ŀƴŘŀǳ ŘŀƳǇƛƴƎ ǇƘŜƴƻƳŜƴƻƴ ƛǎ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŜƭŜŎǘǊƻ-magnetic forces, 
which weaken themselves spontaneously over time w/o increase of entropy or friction. Landau damping involves a 
flow of energy between single particles on the one hand side, and collective excitations of plasma on the other side".  
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Note (Landau damping): The Landau damping phenomenon is a characteristic of collisionless plasma dynamics 
(no mechanical particle interactions); it is governed by the Coulomb potential.  
 
Note (Debye sphere, double layer potential): The mathematical tool to distinguish between unperturbed cold 
and hot plasma is about the Debye length and Debye sphere (DeR). The corresponding interaction (Coulomb) 
potential of the non-linear Landau damping model is based on the (Poisson) potential equation with 
corresponding boundary conditions.  
 
Note: αLandau damping models are applied to model the capability of stars to organize themselves in a stable 
arrangement as resonances in an inhomogeneous medium producing wave absorption (in space rather than in 
time) (ShF). If stars are considered as atoms of a plasma interacting via gravitational forces rather than 
electromagnetic forces (as a model for kinetic treatment of galaxy formation), instabilities of the gas of stars 
can cause spiral arms to form, but this process is limited by Landau dampingά, (ChF) p. 245. 
 
Note (linear & nonlinear Landau damping phenomenon): Current mathematical models in plasma physics 
distinguish between linear and nonlinear Landau damping terms (while in both cases the energetic root cause 
of the Landau damping phenomenon is based on the Coulomb potential), indicating that this phenomenon 
arises from two different physical effects. 
 

(ChF) p. 248-нпфΥ α¢ƘŜǊŜ ŀǊŜ ŀŎǘǳŀƭƭȅ ǘǿƻ ƪƛƴŘǎ ƻŦ [ŀƴŘŀǳ ŘŀƳǇƛƴƎΥ ƭƛƴŜŀǊ [ŀƴŘŀǳ ŘŀƳǇƛƴƎΣ ŀƴŘ nonlinear Landau 
damping. Both kinds are independent of dissipative collisional mechanisms. If a particle is caught in the potential well 
ƻŦ ŀ ǿŀǾŜΣ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ƛǎ ŎŀƭƭŜŘ αǘǊŀǇǇƛƴƎάΦ tŀǊǘƛŎƭŜǎ Ŏŀƴ ƛƴŘŜŜŘ Ǝŀƛƴ ƻǊ ƭƻǎŜ ŜƴŜǊƎȅ ƛƴ ǘǊŀǇǇƛƴƎΦ IƻǿŜǾŜǊΣ 
trappinƎ ŘƻŜǎ ƴƻǘ ƭƛŜ ǿƛǘƘƛƴ ǘƘŜ ǇǳǊǾƛŜǿ ƻŦ ǘƘŜ ƭƛƴŜŀǊ ǘƘŜƻǊȅΦ ΧΦ ¢ǊŀǇǇƛƴƎ ƛǎ ƴƻǘ ƛƴ ǘƘŜ ƭƛƴŜŀǊ ǘƘŜƻǊȅΦ ²ƘŜƴ ŀ ǿŀǾŜ 
grows to a larger amplitude, collisonless damping with trapping occur. One then finds that the wave does not decay 
monotonically; rather the amplitutes fluctuates during the decay as the trapped particles bounce back and forth in 
the potential wells. This is nonlinear Landau damping.  .. Since the linear Landau damping is derived from a linear 
ǘƘŜƻǊȅΣ Χ ǘƘŜ ƴƻƴƭƛƴŜŀǊ [ŀƴŘŀǳ ŘŀƳǇƛƴƎ Ƴǳǎǘ ŀǊƛǎŜ ŦǊƻƳ ŀ different physical effect. The question is: Can untrapped 
ŜƭŜŎǘǊƻƴǎ ƳƻǾƛƴƎ ŎƭƻǎŜ ǘƻ ǘƘŜ ǇƘŀǎŜ ǾŜƭƻŎƛǘȅ ƻŦ ǘƘŜ ǿŀǾŜ ŜȄŎƘŀƴƎŜ ŜƴŜǊƎȅ ǿƛǘƘ ǘƘŜ ǿŀǾŜΚά 
 

Remark (The Landau damping modelling case): The principle of αƛƴǘŜǊ-dynamical quanta fields potential 
ŎƻƳǇŜƴǎŀǘƛƻƴά in case of the potential difference between the plasma and vacuum fields may be interpreted 
as the appropriate modelling framework for the observed Landau damping phenomenon. 
 
Remark: (electro-magneto gas dynamics): In the one-component (atomic) (mechanical, dynamical) quanta pair 
system the mechanical energy is counterbalanced by the corresponding dynamical energy. In the two-
component (dynamical, dynamical) quanta pair system the related dynamical quanta energies are 
counterbalanced. Regarding the momenta of both quanta systems the concept of a stress tensor is replaced by 
the potential difference resp. Mie pressures between the affected quanta pair fields. 
 
Remark (characteristic quanta type phenomena): The characteristic phenomenon of the plasma quanta pair 
model is the Landau damping. The characteristic phenomenon of the electromagnetic quanta pair model is the 
Ehrenhaft photophoresis. The characteristic phenomenon of the electromagnetic atomic quanta model is the 
Einstein photoelectricity. Its related characteristic phenomenon of the organic atomic quanta model is the 
chemical photosynthesis. Within the proposed physical modelling framework those phenomena are governed 
by the least action principle between the affected (dynamical-dynamical resp. mechanical-dynamical) quanta 
ǇŀƛǊ ǇƻǘŜƴǘƛŀƭǎΣ ǿƘŜǊŜ ǘƘŜ ƭŀǘǘŜǊ ƻƴŜǎ ŀǊŜ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ αǘƛƳŜ ŀǊǊƻǿά ŀƴŘ αŜƴǘǊƻǇȅάΦ 
 
Remark (Landau equation): The one-component plasma model of the non-linear collision operator of the 
Landau equation is given by 
 

 ὗὪȟὪ ᷿ ὥ ὺ ύ Ὢύ Ὢὺ Ὠύ 

with 

ὥ ᾀȡ
ȿȿ


ȿȿ
ḧ
ȿȿ
ὖᾀ

ȿȿ
ὍὨὗ ᾀ and ὗᾀḧ ὙὙ ȟ . 

  
Here ὖᾀ resp. Ὑ denote the Leray-Hopf resp. Riesz operators; the symbol function ὥᾀ is symmetric, non-
negative and even in ᾀ; Ὢ denotes an unknown function corresponding at each time ὸ to the density of particle 
at the point ὼ with velocity ὺ. Therefore, the Leray-Hopf (pseudo differentia) operator with the symbol 

ὦ ᾀ ᾀὥ ᾀ 
ȿȿ

 may be interpreted as a kind of linearized Landau operator. It is of order zero. 

Mathematically speaking, the Leray-Hopf operator may be interpreted as (mechanical collision) compact 
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disturbance operator of a (dynamical) potential (energy) operator accompanied by Ὄ  ᶰπȟρ, scale 
domains. 
 
Note (kinetic plasma theory: the Vlasov-Poisson-Boltzmann (VPB) system): The continuity equation of ideal 
magneto-hydrodynamics is given by, (DeR) (4.1) 
 

” Ͻɳ”ὺᴆ π  

 
with ” ”ὼᴆȟὸ denoting the mass density of the fluid and ○ denoting the bulk velocity of the macroscopic 
motion of the fluid. For a corresponding microscopic kinetic description of plasma fluids ”ὼᴆȟὸ is replaced by a 
function Ὢὼᴆȟὺᴆȟὸ. This function is the number density of particles whose position lies within the small volume 
element Ὠὼ at the position ὼ, and whose velocity lies within the velocity space element Ὠὺᴆ at ὺᴆ, at the time 
ὸ, (DeR) 5.1. The fundamental equation which Ὢὼᴆȟὺᴆȟὸ has to satisfy is the (kinetical) Boltzmann equation, 
(ChF) p. 230, 
 

Ὢ ὺϽɳ Ὢ Ͻ . 

 

Here Ὂ is the force acting on the particles, and  is the time rate of change of Ὢ due to collisions. The 

meaning of the Boltzmann equation become clear if one remembers that Ὢ is a function of seven independent 
variables. Therefore, the total derivative of Ὢ with time is given by 
 

 . 

 

From the bŜǿǘƻƴΩǎ ǘƘƛǊŘ ƭŀǿ Ὂ ά  it follows 

 

Ͻ  . 

 

Together with ὺϽɳ Ὢ  one gets 

 

ὺϽɳ Ὢ Ͻ  . 

 

As  is the convective derivative in the phase space the Boltzmann equation simply says that  is zero unless 

there are collisions.  
 

In sufficiently hot plasma the current paradigm is that collisions particles interaction) can be neglected. If 

futhermore the force Ὂ ά  (bŜǿǘƻƴΩǎ ǘƘƛǊŘ ƭŀǿύΣ ƛǎ ŜƴǘƛǊŜƭȅ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǘƘŜ ±ƭŀǎƻǾ Ŝǉǳŀǘƛƻƴǎ ǘŀƪŜǎ ǘƘŜ 

special form, (ChF) p. 233, 
 

Ὢ ὺᴆϽɳ Ὢ Ὁᴆ ○ᴆ ὄᴆϽ Ὢ π . 

 
±ƭŀǎƻǾΩǎ ƳŀǘƘŜƳŀǘƛŎŀƭ ŀǊƎǳƳŜƴǘ ŀƎŀƛƴǎǘ ǘƘŜ [ŀƴŘŀǳ Ŝǉǳŀǘƛƻƴ όƭŜŀŘƛƴƎ ǘƻ ǘƘis Ŝǉǳŀǘƛƻƴύ ǿŀǎΣ ǘƘŀǘ άthe Landau 
model of pair collisions is formally not applicable to Coulomb interaction due to the divergence of the kinetic 
termsέ. Because of its comparative simplicity, this is the equation most commonly studied in kinetic plasma 
theory.  
 
Based on the perturbation split Ὢὼᴆȟὺᴆȟὸ Ὢὺᴆ Ὢὼᴆȟὺᴆȟὸ the first order Vlasov equation for electrons is 
given by, (ChF) 7.4, 
 

Ὢ ὺᴆϽɳ Ὢ Ὁᴆ
○
Ὢ π . 
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If Ὢ is a Maxwellian the corresponding dispersion relation (in a weak sense) is given by 
 

ρ Ὄ Ὢ π . 

 
The counterpart of the critical term of the linearized Vlasov equation ( ὡz ”ϽὪ ) in the Vlasov 
equation is given by the non-linear term ὊὪϽὪ, whereby 
 

ὊὪ ὸȟὼḧ Ḁὡὼ ώὪὸȟώȟύὨύὨώ. 
 
Because of the corresponding Vlasov-Poisson model  

 

Ὂ ὡɳ, Ўὡ ”,   ὡ
ȿᴆȿz ᴆ”,    ”ὼᴆȟὸ ᷿ ὪὼᴆȟὺᴆȟὸὨὺᴆ 

 
the combination of both systems is called the Vlasov-Poisson-Boltzmann (VPB) system. The extension of the 
VPB system, where the Vlasov force Ὂ (or self-ŎƻƴǎƛǎǘŜƴǘ ŦƻǊŎŜΣ ƻǊ ƳŜŀƴ ŦƻǊŎŜ Χύ ƛǎ ǊŜǇƭŀŎŜŘ ōȅ ǘƘŜ [ƻǊŜƴǘȊ 
force determined by the electro-magnetic field created by the particles themselves is described in (LiP).  

 
Note: A combined electro-ƳŀƎƴŜǘƛŎ ǇƭŀǎƳŀ ŦƛŜƭŘ ƳƻŘŜƭ ƴŜŜŘǎ ǘƻ ŜƴŀōƭŜ άƛƴǘŜǊŀŎǘƛƻƴέ ƻŦ ŎƻƭŘ ŀƴŘ Ƙƻǘ ǇƭŀǎƳŀ 
άǇŀǊǘƛŎƭŜǎέΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ bŜǳƳŀƴƴ ǇǊƻōƭŜƳ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴǎΦ ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŘƻǳōƭŜ ƭŀȅŜǊ όƘȅǇŜǊ-

singular integral) potential operator of the Neumann problem is the Prandtl operator 0, fulfilling the following 
properties ((LiI) Theorems 4.2.1, 4.2.2, 4.3.2): 
 

- the Prandtl operator ὖȡὌ ᴼὌ  is bounded for π ὶ ρ, (*) 

- the Prandtl operator ὖȡὌ ᴼὌ  is Noetherian for π ὶ ρ, (*) 
- for ρȾς ὶ ρ, the exterior Neumann problem admits one and only one generalized solution. 

 
Note (the Neumann and the Prandtl potential operators): The Neumann boundary value problem is given by 
 
                                                                             ῳό π  in Ὑ Ὓ 
 

              Ὢ  on Ὓ.  

 
In the context of radiation and transport partial differential equations the Neumann boundary condition is 
considered as more problem adequate than the Dirichlet boundary condition. The Neumann potential operator 
is related to the Prandtl operator by 
 

Бὺ ὼȡ ḃ ὺώ
ȿ ȿ

ὨὛ Ὢὼ  . 

 
The solution function όὼ is represented as double layer potential in the form 
 

όὼȡ ḃ ὺώ
ȿ ȿ

ὨὛᶰὌ Ὑ Ὓ, 

 
here the unknown function ὺώ is to be determined by the Neumann problem with domains ( (ρȾς Ò ρ). 
 
Note: The Neumann problem for the pressure field ὴὼᴆȟὸ of the Navier-Stokes equations is given by 
 

Ўὴ ”ὺᴆϽὺᴆ Ὢᴆ in Ὃ 
 

‘Ўὺᴆ ”ὺᴆϽὺᴆ ὪᴆϽὲᴆ    at Ὃ 

 
where ὲᴆ denotes the outward unit normal to the domain Ὃ. It follows that the prescription of the pressure at 
the bounding walls or at the initial time independently of ὺᴆ, could be incompatible with the initial and 
boundary conditions of the NSE PDE system, and therefore, could render the problem ill-posed (GaG), (HeJ). 
 
(*) For a closed connected surface ὛṒὙ  it holds Ὄ Ὄ , (LiI) pp. 95, 108 
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Note: wŜƎŀǊŘƛƴƎ ǘƘŜ ǇƘȅǎƛŎŀƭ ƴƻǘƛƻƴǎ ƻŦ αŦƭǳȄά ŀƴŘ αƳŀǎǎ ŜƭŜƳŜƴǘά there are related extended mathematical 
ŘŜŦƛƴƛǘƛƻƴǎ ŦǊƻƳ WΦ t[ŜƳŜƭƧ όtƭWύΦ tƭŜƳŜƭƧΨǎ όbŜǳƳŀƴƴ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴ ōŀǎŜŘύ ƴƻǘƛƻƴ αŦƭǳȄά ƛǎ ŘŜŦƛƴŜŘ ōȅ 

Ὗ„ ḧ Ḃ Ὠ„  („ȟ„ᶰίόὶὪὥὧὩ), whereby Ὗ relates to the conjugate of Ὗ„. In case Ὗ„ is 

ŘƛŦŦŜǊŜƴǘƛŀōƭŜΣ ǘƘƛǎ αŦƭǳȄά ŘŜŦƛƴƛǘƛƻƴ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ bŜǳƳŀƴƴ ōƻǳƴŘŀǊȅ ƻǇŜǊŀǘƻǊ . 

However, in case  is not defined (i.e. Ὗ„ ƛǎ ƴƻǘ ŘƛŦŦŜǊŜƴǘƛŀōƭŜύΣ ǘƘŜ αŦƭǳȄά Ὗ„ is a still well defined term.  

 
Note: ¢ƘŜ αŘŜƴǎƛǘȅά ŎƻƴŎŜǇǘ ƻŦ ŀ Ǉƻƛƴǘ Ƴŀǎǎ ƻŦ ŀƴ ƛŘŜŀƭƛȊŜŘ ǇŀǊǘƛŎƭŜ ὼɴ Ὑ is governed by the distribution 
 ὼᶰὌ Ⱦ Τ tƭŜƳŜƭƧΩǎ ŎƻƴŎŜǇǘ replaces the mass density ‘ὼὨὼ by a αƳŀǎǎ ŜƭŜƳŜƴǘά Ὠ‘, (PlJ); as a 

consequence, ǘƘŜ ǊŜƎǳƭŀǊƛǘȅ ƻŦ 5ƛǊŀŎΨǎ ƳƻŘŜƭ ƻŦ ǘƘŜ Ǉƻƛƴǘ Ƴŀǎǎ ŘŜƴǎƛǘȅ reduces to a mass element regularity 
Ὠ‘ɴ Ὄ Ⱦ , which is in line with a energetical quantum element ‘ᶰὌȾ . 

 
Note (electro-magnetohydrodynamics): MHD is concerned with the motion of electrically conducting fluids in 
the presence of electric or magnetic fields. In MHD one does not consider velocity distributions. It is about 
notions like number density, flow velocity and pressure. The MHD equations are derived from continuum theory 
of non-polar fluids with three kinds of balance laws: 
 

- conservation of mass/energy   
- balance of angular momentum (Maxwell equations)    
- balance of linear momentum. 
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g. Mind 

 
Remark (object, subject, consciousness): In the two (atomic and molecule) one-component cases the physical-
mechanical energy of the considered systems is counterbalanced by the mathematical-dynamical (vacuum) 
energy of the system. Regarding E. Schrödinger's consideration on "the principle of objectivation", (ScE1) p. 117 
ŦŦΦΣ ǘƘƛǎ ŦǊŀƳŜǿƻǊƪ ƳƛƎƘǘ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ŀ ƳŀǘƘŜƳŀǘƛŎŀƭ αƻōǎŜǊǾŜǊά ƳƻŘŜƭ ƻŦ ŀƴ ƻbserved mechanical 
ǎȅǎǘŜƳΣ ǿƘŜǊŜ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ αǾŀŎǳǳƳά ƳƻŘŜƭ provides the αinteractiƴƎά ŜƭŜƳŜƴǘ ōŜǘǿŜŜƴ αōƻŘȅ ŀƴŘ 
ƳƛƴŘά; it might be interpreǘŜŘ ŀǎ αŎƻƴǎŎƛƻǳǎƴŜǎǎά ƻŦ ǘƘŜ ƻōǎŜǊǾŜǊ ŀǎ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ǇƛŜŎŜ ƻŦ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ 
model.  
 
RemarkΥ {ŎƘƻǇŜƴƘŀǳŜǊΩǎ ǿƻǊƭŘ ƻŦ ƘǳƳŀƴ ƛƳŀƎƛƴŀǘƛƻƴ ό±ƻǊǎǘŜƭƭǳƴƎύ ƛǎ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘǊŜŜ ŦƻǊƳǎ ƻŦ 
representation: 
 

i) sensations (Empfindung, Wahrnehmung)   
ii) perceptions (Anschauung, Wahrgenommenes)  Ą primary understanding 

i.e., perceived sensations which are corrected content of sensations enabled by the mind (Verstand); 
ǘƘŜ ǊŜƭŀǘŜŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ƘǳƳŀƴ ŎƻƴǎŎƛƻǳǎƴŜǎǎ ƛǎ αmaking understanding (Erkenntnis) ǇƻǎǎƛōƭŜά 

iii) corrected perceptions Ą secondary understanding 
they are enabled by reason (Vernunft) accompanied by the concept of notion (Begriff)  
ǘƘŜ ǊŜƭŀǘŜŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ƘǳƳŀƴ ŎƻƴǎŎƛƻǳǎƴŜǎǎ ƛǎ αcreating ǳƴŘŜǊǎǘŀƴŘƛƴƎ ό9ǊƪŜƴƴǘƴƛǎύά 

 
In a nutshell, consciousness is realized through the faculties of mind and reason. The prerequisite so that 
thinking (the application of mind and reason) can form a represenation is that consciousness must consider his 
objects interconnected with each other and with itself ς αƛƴ ŀ ƭŀǿŦǳƭ ŀƴŘ ŦƻǊƳŀƭ ŀ ǇǊƛƻǊƛ ŘŜǘŜǊƳƛƴŀōƭŜ 
ŎƻƴƴŜŎǘƛƻƴάΦ  
 
¢ƘŜ ǘƘǊŜŜ ƭŀȅŜǊ όǊŜǇǊŜǎŜƴǘŀǘƛƻƴύ ŎƻƴŎŜǇǘ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŦƛǊǎǘ ǘƘǊŜŜ ƻŦ {ŎƘƻǇŜƴƘŀǳŜǊΨǎ ŎƻƴŎŜǇǘ ƻŦ ǘƘŜ αŦƻǳǊŦƻƭŘ 
Ǌƻƻǘ ǇǊƛƴŎƛǇƭŜ ƻŦ ǎǳŦŦƛŎƛŜƴǘ ǊŜŀǎƻƴάΦ ¢ƘŜ ŦƻǳǊŦƻƭŘ Ǌƻƻǘ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ όƛύ ǊŜŀǎƻƴ ŦƻǊ ōŜŎƻƳƛƴƎ όŎŀǳǎŜ ŀƴŘ 
effect), (ii) reason for knowledge (logical justifiction of an assertion), (iii) reason for being (determining the 
position of an object in space), (iv) reason for action (explaining the motive for an action). The fourth reason in 
combination with the central human mind actor relateǎ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ αƳƻǘƛǾŀǘƛƻƴάΦ 
 
In the context of this paper one may identify the first three reasons with the notions, (1) observations, (2) 
physical notions and interpretation, and (3) physical laws. Then the scope of the physical-mechanical modelling 
framework corresponds to SchopenhaǳŜǊΩǎ αǿƻǊƭŘ ŀǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴάΦ 
 
Remark: Mathematics is a purely describing science with notions independent from any sensation. A fourth 
layer of representation form is proposed by 
 

iv) purely mathematical models  Ą third understanding 
Technical-mechanical and morally-ŀǊǘƛǎǘƛŎ ƴƻǘƛƻƴǎ ŀǊŜ ŜȄǘŜƴŘŜŘ ōȅ ƴƻǘƛƻƴǎ ƭƛƪŜ αȊŜǊƻάΣ αƛƴŦƛƴƛǘŜάΣ 
αŎŀǊŘƛƴŀƭƛǘȅάΣ {ƴƛǊŜƭΩƳŀƴΩǎ ŘŜƴǎƛǘȅ ƻŦ ŀ ǎŜǘ ὃ of integer with the symbols πȟЊȟᴥȟςᴥȟ„ὃ. 

 
If we interpret (2) in the sense that it includes qualitative physical models accompanied by logical conclusions 
ƻǳǘ ƻŦ ƛǘΣ ŀƴŘ ŎƻƳōƛƴŜ όоύ ϧ όпύ ƛƴǘƻ ƻƴŜΣ ǊŜƴŀƳŜŘ ōȅ όƛƛƛύ αƳŀǘƘŜƳŀǘƛŎŀƭ ǿƻǊƭŘάΣ ǿŜ ƎŜǘ ǘƘŜ ǘƘǊŜŜ ƭŀȅŜǊǎ 
 

(1) sensations 
(2) perceptions, i.e., sensations accompanied by possible 

physical understanding 
(3) corrected perceptions accompanied by created 

mathematical understanding. 
 
The mathematical layer 
 

 (iii) corrected perceptions accompanied by created mathematical understanding  
 

is accompanied by a kind of making-sense-believe based on the believe in the existence of all 
required mathematical notions building the foundation of analysis, (WeH3), functional analysis, and 
number theory (like zero, infinite, cardinality, densities of sets of integers, irrational numbers, etc.). 
In ǎƛƳǇƭŜ ǿƻǊŘǎΣ ƳŀǘƘŜƳŀǘƛŎǎ ƛǎ ǳƴŘŜǊǎǘƻƻŘ ŀǎ αǘƘŜ ǎŎƛŜƴŎŜ ƻŦ ƛƴŦƛƴƛǘȅάΣ ό¢ŀwύΦ ²Ŝ ŀƭǎƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ 
ǘƘǊŜŜ ƭŀȅŜǊǎ όƛύΣ όƛƛύΣ όƛƛƛύ ŀǊŜ ƛƴ ƭƛƴŜ ǿƛǘƘ 9ǳƭŜǊΩǎ ǘƘǊŜŜ ŎƭŀǎǎŜǎ ŎƻƴŎŜǇǘƛƻƴǎ ƻŦ ǘǊǳǘƘǎΣ experience, reason, 



 

66 
 

and believe. The latter notion is also in line with ²ŜƛȊǎŅŎƪŜǊΨǎ ƴƻǘƛƻƴ αōŜƭƛŜǾŜά ƎƛǾŜƴ ǘƘŜ ǘǿƻ 
impossibilities of physics, absolute certainty and absolute doubt, to gain knowledge, (WeC). 
 
RemarkΥ ¢ƘŜ ƴƻǘƛƻƴ αmaking-sense-believeά Ƴŀȅ ǎƻǳƴŘ ǎǘǊŀƴƎŜ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘƛǎ ǇŀǇŜǊΦ IƻǿŜǾŜǊΣ ƛŦ ƻƴŜ 
ƴŜŜŘǎ ǘƻ ŎƘƻƻǎŜ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ƳƻŘŜƭǎ ƻŦ ŀƴ αǳƴƛǾŜǊǎŜ ŎǊŜŀǘƛƻƴάΣ όмύ αǘƘŜ .ƛƎ .ŀƴƎ ŎǊŜŀǘƛƻƴά ƻǊΣ όнύ ŀ αƳŀǘǘŜǊ 
ŎǊŜŀǘƛƻƴ ǇǊƻŎŜǎǎ ōȅ ŎƻƳǇƻǎƛǘƛƻƴǎ ƻŦ ǘǿƻ ŦǳƴŘŀƳŜƴǘŀƭ ƳŀǘƘŜƳŀǘƛŎŀƭ ǉǳŀƴǘŀά ǘƘŜǊŜ is a more making-sense-
believe for model (2) than for model (1) just by probability considerations, as 
 

in order to produce an universe resembling the one in which we live, the Creator would have to aim for an absurdly 

tiny volume of phase space of possible universes ς about ρȾρπ  of the entire volume, for the situation under 
consideration, (PeR) p. 444; additionally, this process is triggered by a sophisticated fluctuation process of a 
ǎƻǇƘƛǎǘƛŎŀǘŜŘ ŀ ǇǊƛƻǊƛ αǉǳŀƴǘǳƳ ŜƭŜƳŜƴǘά όƛΦŜΦΣ ŀƴ ŀ ǇǊƛƻǊƛ ŜȄƛǎǘƛƴƎ ǇƘȅǎƛŎŀƭ ƻōƧŜŎǘ ƻǳǘǎƛŘŜ ǘƘŜ ŎƻƴǎƛŘŜǊŜŘ ǇƘȅǎƛŎŀƭ  
ƳƻŘŜƭύ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ǇƘȅǎƛŎŀƭ ƴƻǘƛƻƴ αƛƴŦƭŀǘƻƴά. 

 

We note that (2) ǘƘŜ αƳŀǘǘŜǊ ŎǊŜŀǘƛƻƴ ǇǊƻŎŜǎǎά, ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ ǇƘȅǎƛŎŀƭ α{ǘŜŀŘȅ {ǘŀǘŜ ¢ƘŜƻǊȅάΣ ǿƘƛŎƘ ƛǎ ōŀǎŜŘ ƻƴ 
ŀƴ ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ ŎƻǎƳƻƭƻƎƛŎŀƭ ǇǊƛƴŎƛǇƭŜ ƛƴŎƭǳŘƛƴƎ αǘƛƳŜά, (BoH), (BoH1). It states that the universe not only looks 
the same for every observer in space, but also in time (today, past, future), i.e., the density keeps constant all the 
time, although an extension is observed. Therefore, an ongoing creation of matter out of αƴƻǘƘƛƴƎά ƛǎ ǊŜǉǳƛǊŜŘ όϤ ƻƴŜ 
hydrogen atom per φ Ὧά per year, too little to be observed, (BeM) p. 25). 

 
Note (believeΥ ƻƴŜ ƻŦ 9ǳƭŜǊΩǎ ǘƘǊŜŜ ŎƭŀǎǎŜǎ ƻŦ ǘǊǳǘƘǎ ōŀǎŜŘ ƻƴ ƘǳƳŀƴ ŎƻƎƴƛǘƛƻƴύΥ 9ǳƭŜǊ ƳŜƛƴǘΣ Řŀǖ ǎƛŎƘ ŀƭƭŜ 
innerhalb der Grenzen unserer Erkenntnis liegenden Wahrheiten in drei Klassen einteilen ließen, nämlich erstens 
in die Wahrheiten der Erfahrung (experience: beruhend auf dem Zeugnis der Sinne), zweitens in die Wahrheiten 
der Vernunft (reason: beruhend auf der richtigen Schlußweise mit Mitteln der Logik), und drittens in die 
Wahrheiten des Glaubens (believe: beruhend auf historischen Überlieferungen), (HiS1) S. 15. 
 
Note (believeΥ ƻƴŜ ƻŦ ²ŜƛȊǎŅŎƪŜǊΩǎ ƳŜǘƘƻŘ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜƻǊŜǘƛŎŀƭ ǇƘȅǎƛŎǎύΥ ¢ƘŜ ŎƻƴǘŜƴǘ ƻŦ 
the related lecture of C. F. Weizsäcker is divided into three parts: (I) elementary conditions, (II) regional disciplines 
(of physics), and (II) elementary objects. Part (1) is divided into (A) method, (B) phenomenology (C) mathematics 
(D) general mechanics. The three conceptual elements of (A) method are, (1) insight, (2) doubt, and (3) believe: 
 

α5ƛŜ 9ǊǀǊǘŜǊǳƴƎ ǸōŜǊ ŘŜƴ ½ǿŜƛŦŜƭ όŘƻǳōǘύ ƛǎǘ ŜƛƴƎŜǎŎƘƭƻǎǎŜƴ ȊǿƛǎŎƘŜƴ ŘƛŜ ȊǿŜƛ {ŅǘȊŜΥ ²ŜǊ ƛǊǊǘΣ ǿŜƛǖ ƴƛŎƘǘΣ Řŀǖ ŜǊ ƛǊǊǘΣ 
und: Wer lebt, zweifelt nicht an allem. So gibt es für uns, die wir leben, weder absolute Gewissheit, noch absoluten 
Zweifel. Dass wir uns in dieser Lage befinden lässt sich wohl nicht leugnen. Wir befinden uns aber in ihr sogar mit einem 
verhältnismäßig guten Gewissen. Wir haben zu dem, was wir wissen, ein beträchtliches Vertrauen und meinen damit 
nicht schlecht zu fahren, trotz des Abgrundes möglichen Zweifels, neben dem wir stehen. Wir müssen versuchen, 
Begriffe zu finden, die diese Haltung deutlich bezeichnen. Ich möchte für diese Haltung, die wir gegenüber den Inhalten 
unseres Wissens angesichts der beiden Unmöglichkeiten der absoluten Gewissheit und des absoluten Zweifels haben, 
das Wort Glaube wählen. Wir müssen uns über den Sinn, in dem dieses Wort hier gebraucht werden soll, genau 
verständigenΣά (WeC2) S. 23. 

 
RemarkΥ ¢ƘŜ ŎǊǳŎƛŀƭ ŘƛŦŦŜǊŜƴǘƛŀǘƻǊ ǘƻ {ŎƘƻǇŜƴƘŀǳŜǊΩǎ αǿƻǊƭŘ ŀǎ ǿƛƭƭ ŀƴŘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴά ƛǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ 
ǊƻƭŜ ƻŦ ŎƻƴǎŎƛƻǳǎƴŜǎǎΥ ƛƴ {ŎƘƻǇŜƴƘŀǳŜǊΩǎ ŎƻƴŎŜǇǘ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛǎ Ƨǳǎǘ ǘƘŜ ƻǊƎŀƴƛŎ ŀŎǘƛƻƴ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ 
brain based on sensations etc., and there is no world without the will. The mathematical-dynamical (vacuum) 
world (model) replaces the role of the consciousness, i.e., the one-system-world-model (iii) is independent 
ŦǊƻƳ ǘƘŜ ƻōǎŜǊǾŜǊ κǎǳōƧŜŎǘΦ Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ {ŎƘƻǇŜƴƘŀǳŜǊΩǎ αǿƻǊƭŘ ŀǎ ǿƛƭƭ ŀƴŘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴά ǊŜŘǳŎŜǎ ǘƻ ŀ 
ǇǳǊŜƭȅ αǿƻǊƭŘ ŀǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴάΣ ƛΦŜΦΣ ǘƘŜ subject-object problematic has been resolved, while the scope has 
been extended from human beings to all organisms in the universe. 
 
Remark όŀ αƭŜŀǎǘ ŀŎǘƛƻƴά ǇǊƛƴŎƛǇƭŜύΥ ¢ƘŜ ǇǳǊŜƭȅ ƳŀǘƘŜƳŀǘƛŎŀƭ ƴƻǘƛƻƴ ōŀǎŜŘ third understanding of layer (iii) is 
accompanied by corrected physical-mechanical model based perceptions/interpretations; the physical-
ƳŜŎƘŀƴƛŎŀƭ ǿƻǊƭŘ όƛƛύ ƛǎ ŜȄǇƭŀƛƴŜŘκƳƻŘŜƭƭŜŘ ōȅ ŀ αƭŜŀǎǘ ŀŎǘƛƻƴά ǇǊƛƴŎƛǇƭŜ ƎƻǾŜǊƴŜŘ ōȅ ŀƴ ƻǾŜǊŀƭƭ ǇǳǊŜƭȅ 
mathematical-dynamical world. The latter mathematical-dynamical world model is in line with 

 

o 9ƛƴǎǘŜƛƴΨs cosmic energy 
o tƭŀƴŎƪΩǎ ŘȅƴŀƳƛŎŀƭ ƭŀǿǎ ƻŦ ǎƛƴƎƭŜ ƻǇŜǊŀǘƛƻƴǎ  
o {ŎƘǊǀŘƛƴƎŜǊΩǎ ƻǊŘŜǊ-from-order mechanisms 
o bŀƎŜƭΩǎ ǘŜƭŜƻƭƻƎƛŎŀƭ ƭŀǿǎ 
o YŀƴǘΩǎ ŜȄǇŜŘƛŜƴŎȅ 
o [ŜƛōƴƛȊΩ ƘŀǊƳƻƴȅ 
o aŀǳǇŜǊǘǳƛǎΨ ǇǊƛƴŎƛǇƭŜ ƻŦ ƴŀǘǳǊŜ 
o !ǊƛǎǘƻǘƭŜΩǎ Ŏŀǳǎŀ Ŧƛƴŀƭƛǎ 
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while the excluded specific role of the self-ŎƻƴŦƛŘŜƴŎŜ Ǉǳǘǎ ǘƘŜ ǎǇƻǘ ƻƴ IŜƎŜƭΩǎ ǇƘŜƴƻƳŜƴƻƎȅ ƻŦ ǎǇƛǊƛǘΣ where 
αǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƻƴǎŎƛƻǳǎƴŜǎǎ ŀƴŘ ƛǘǎ ŦƻǊƳǎ ƛǎ ǇǊƻƎǊŜǎǎƛƴƎ ŦǊƻƳ ǘƘŜ ƛƳƳŜŘƛŀǘŜƭȅΣ ǎŜƴǎƻǊȅ ŎƻƴǎŎƛƻǳǎƴŜǎǎ 
over the self-ŎƻƴŦƛŘŜƴŎŜ ǘƻ ǘƘŜ ǊŜŀǎƻƴά. 
 
Remark (natural teleology): The two complementary mechanical & dynamical energy types are in line with Th. 
bŀƎŜƭΩǎ ŎƻƴŎŜǇǘ ƛƴ αaƛƴŘ ϧ /ƻǎƳƻǎά ƻŦ αƴŀǘǳǊŀƭ ǘŜƭŜƻƭƻƎȅά, which requires two things 
 

- nonteleological and timeless laws of physics 
- teleological laws of physics (i.e., laws of the self-organization of matter, essentially) with 
ƘƛƎƘŜǊ ǇǊƻōŀōƛƭƛǘȅ ǘƻ ǎǘŜǇǎ ƻƴ ǘƘŜ ǇŀǘƘǎ ƛƴ ǘƘŜ ǎǘŀǘŜ ǎǇŀŎŜ ǘƘŀǘ ƘŀǾŜ ƘƛƎƘŜǊ αǾŜƭƻŎƛǘȅά 
toward certain outcomes. 

 
(NaT) p. 55: Consciousness  
α¢ƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ consciousness is both one of the most familar and one of the most 
astounding things about the world. No conception about natural order than does not reveal it 
as something to be expected can expire even to the outline of completeness. And if physical 
science, whatever it may have to say about the origin of life, leaves us necessarily in the dark 
about consciousness, that shows that it cannot provide the basic form of intelligibility for this 
world. There must be a very different way in which things as they are make sense, and that 
ƛƴŎƭǳŘŜǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǿƻǊƭŘ ƛǎΣ ǎƛƴŎŜ ǘƘŜ ǇǊƻōƭŜƳ Ŏŀƴƴƻǘ ōŜ ǉǳŀǊŀƴǘƛƴŜŘ ƛƴ ǘƘŜ ƳƛƴŘΦά 

 
(NaT) p. 92: Cognition 
α¢ƘŜ ǘŜƭŜƻƭƻƎȅ L ǿŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ ǿƻǳƭŘ ōŜ ŀƴ ŜȄǇƭŀƴŀǘƛƻƴ ƴƻǘ ƻƴƭȅ ƻŦ ǘƘŜ ŀǇǇŜŀǊŜƴŎŜ ƻŦ 
physical organisms but of the development of consciousness and ultimately of reason in those 
organisms. But its form can be described even if we stay at the physical level. Natural 
teleology would require two things. First, that the nonteleological and timeless laws of physics 
-  those governing the ultimate elements of the physical universe, whatever they are ς are not 
fully deterministic. Given the physical state of the universe at any moment, the laws of physics 
would have to leave open a range of alternative successor states, presumably with a 
probability distribution over them. 
 
Second, among those possible futures there will be some that are more elegible than others 
are possible steps on the way to the formation of more complex systems, and ultimately of the 
kinds of replicating systems characteristic of life. The existence of teleology requires that 
successor states in this subset have a significantly higher probability that is entailed by the 
laws of physics alone ς simply because they are on the path toward a certain outcome. 
Teleological laws would assign higher probability to steps on the paths in the state space that 
ƘŀǾŜ ƘƛƎƘŜǊ αǾŜƭƻŎƛǘȅά ǘƻǿŀǊŘ ŎŜǊǘŀƛƴ ƻǳǘŎƻƳŜǎΦ ¢ƘŜȅ ǿƻǳƭŘ ōŜ ƭŀǿǎ ƻŦ ǘƘŜ ǎŜƭŦ-organization 
of matter, essentially ς ƻǊ ǿƘŀǘŜǾŜǊ ƛǎ ƳƻǊŜ ōŀǎƛŎ ǘƘŀƴ ƳŀǘǘŜǊΦά 

 
Note όα9ȄǇŜŘƛŜƴŎȅά ḙ α[ŜƛōƴƛȊΨ ƘŀǊƳƻƴȅάύΥ α5ŜǊ {ǇǊŀŎƘƎŜōǊŀǳŎƘ ŘŜǎ ŀŎƘǘȊŜƘƴǘŜƴ WŀƘǊƘǳƴŘŜǊǘǎ όмуǘƘ ŎŜƴǘǳǊȅύ 
ƴƛƳƳǘ ŘƛŜ α½ǿŜŎƪƳŅǖƛƎƪŜƛǘά όŜȄǇŜŘƛŜƴŎȅύ ƛƴ ŜƛƴŜƳ ǿŜƛǘŜǊŜƴ {ƛƴƴŜΤ ŜǊ ǎƛŜƘǘ ƛƴ ƛƘǊ ŘŜƴ ŀƭƭƎŜƳŜƛƴŜƴ !ǳǎŘǊǳŎƪ 
für jede Zusammenstimmung der Teile des Mannigfaltigen zu einer Einheit, gleichviel auf welchen Gründen 
diese Zustimmung beruhen und aus welchen Quellen sie sich herschreiben mag. In diesem Sinne stellt das Wort 
nur die Umschreibung und die deutsche Wiedergabe desjenigen Begriffes dar, den Leibniz innerhalb seines 
{ȅǎǘŜƳǎ Ƴƛǘ ŘŜƳ !ǳǎŘǊǳŎƪ ŘŜǊ αIŀǊƳƻƴƛŜά όƘŀǊƳƻƴȅύ ōŜȊŜƛŎƘƴŜǘ ƘŀǘάΣ ό/ŀ9ύ {Φ олтΦ 
 
Note (α9ȄǇŜŘƛŜƴŎȅά ḙ αYŀƴǘΩǎ ǊŜŦƭŜŎǘƛǾŜ ƧǳŘƎŜƳŜƴǘάύΥ YŀƴǘΩǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ αƧǳŘƎŜƳŜƴǘά ƛǎ αǘƘŜ ŎŀǇŀōƛƭƛǘȅ ǘƻ 
ǘƘƛƴƪ ŀōƻǳǘ αǘƘŜ ǇŀǊǘƛŎǳƭŀǊ ŀǎ ŎƻƴǘŀƛƴŜŘ ǳƴŘŜǊ ǘƘŜ ƎŜƴŜǊŀƭάΦ LŦ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ ƛǎ ƎƛǾŜƴ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀƭ ƛǎ ǘƘŜ 
ǘƘƛƴƎ ǿƘŀǘ ƻƴŜ ƛǎ ƭƻƻƪƛƴƎ ŦƻǊΣ ǘƘŜƴ ǘƘƛǎ ƛǎ ŎŀƭƭŜŘ αǊŜŦƭŜŎǘƛǾŜ ƧǳŘƎŜƳŜƴǘάΦ ¢Ƙƛǎ αǊŜŦƭŜŎǘƛǾŜ ƧǳŘƎŜƳŜƴǘά ǊŜǉǳƛǊŜǎ ŀ 
ƎƻǾŜǊƴƛƴƎ ǇǊƛƴŎƛǇƭŜ ƻŦ αǳƴƛǘȅ ƻŦ ǘƘŜ ƳŀƴƛŦƻƭŘά ǘƘŀǘ ƛǘ ƎƛǾŜǎ ƛǘǎŜƭŦΦ ¢Ƙƛǎ ǳƴƛŦƻǊƳ principle of particular empirical 
ƭŀǿǎ ƻŦ ƴŀǘǳǊŜ ƘŜ ŎŀƭƭŜŘ αŜȄǇŜŘƛŜƴŎȅ ό½ǿŜŎƪƳŅǎǎƛƎƪŜƛǘύ ƻŦ ƴŀǘǳǊŜ ƛƴ ƛǘǎ ŘƛǾŜǊǎƛǘȅάΦ ¢ƘŜ ǇƘȅǎƛŎŀƭ-mathematical 
counterpart of it is given by the least action principle accompanied by the calculus of variations, (HiS) pp. 20, 
22, (KnA) p. 55. 
 
 
 
 



 

68 
 

Remark: A theory of the phenomena of consciousness, or of biology:  
 

αA much more difficult and confusing situation would arise if we could, some day, establish a theory of the 
phenomena of consciousness, or of biology, which would be as coherent and convincing as our present theories of 
ǘƘŜ ƛƴŀƴƛƳŀǘŜ ǿƻǊƭŘΦ aŜƴŘŜƭΩǎ ƭŀǿǎ ƻŦ ƛƴƘŜǊƛǘŀƴŎŜ ŀƴŘ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ǿƻǊƪ ƻƴ ƎŜƴŜǎ Ƴŀȅ ǿŜƭƭ ŦƻǊƳ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ 
such a theory as far as biology is concerned. Furthermore,, it is quite possible that an abstract argument can be found 
which shows that there is a conflict between such a theory and the accepted principles of physics. The argument 
could be of such abstract nature that it might not be possible to resolve the conflict, in favor of one or of the other 
theory, by an experiment. Such a situation would put a heavy strain on our faith in our theories and on our belief in 
the reality of the concepts which we form. It would give us a deep sense of frustration in our search for what I called 
"the ultimate truth." The reason that such a situation is conceivable is that, fundamentally, we do not know why our 
ǘƘŜƻǊƛŜǎ ǿƻǊƪ ǎƻ ǿŜƭƭΦ IŜƴŎŜΣ ǘƘŜƛǊ ŀŎŎǳǊŀŎȅ Ƴŀȅ ƴƻǘ ǇǊƻǾŜ ǘƘŜƛǊ ǘǊǳǘƘ ŀƴŘ ŎƻƴǎƛǎǘŜƴŎȅΦ LƴŘŜŜŘΣ ƛǘ ƛǎ ǘƘƛǎ ǿǊƛǘŜǊΩǎ 
belief that something rather akin to the situation which was described above exists if the present laws of heredity 
and of physics are confrontedά, (WiE). 

 
Remark (consciousness, organic, inorganic): The three types of atomic mechanical quanta accompanied by 

three related dynamical molecule types (ÏÒÇÁÎÉÃ molecules, ÁÎÏÒÇÁÎÉÃ molecules) put the spot on 

{ŎƘǊǀŘƛƴƎŜǊΩǎ α±ƛŜǿ ƻŦ ǘƘŜ ²ƻǊƭŘά ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ αConsciousness, organic, inorganic, mnemeά ŀƴŘ 
ǘƘŜ ǊŜƭŀǘŜŘ αon becoming consciousά ǇǊƻŎŜǎǎΥ 

 
(ScE2) VIII, Consciousness, organic, inorganic, mneme 
αThus Schopenhauer's line of demarcation may be regarded as highly suitable, when he says that 
in inorganic being 'the essential and permanent element, the basis of identity and integrity, is the 
material, the matter, the inessential and mutable element being the form. In organic being the 
reverse is true; for its life, that is, its existence as an organic being, consists precisely in a constant 
change of matter while the form persistsά 
 
(ScE2) IX, On becoming conscious 
α/onsciousness is bound up with learning in organic substance; organic competence is 
unconscious. Still more briefly, and put in a form which is admittedly rather obscure and open to 
miss-understanding: Becoming is conscious, being unconsciousάΦ 

 
NoteΥ ό{ŎƘƻǇŜƴƘŀǳŜǊΩǎ ǿƛƭƭ ϧ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΣ ǳǇŀƴƛǎƘŀŘǎΨ ōǊŀƘƳŀ  ϧ ƳŀƧŀύΥ Lƴ Schopenhauer philosophy the 
concept of αǊŜǇǊŜǎŜƴǘŀǘƛƻƴά corresponds to KantΩǎ ŎƻƴŎŜǇǘ ƻŦ αŀǇǇŜŀǊŀƴŎŜ ǿƻǊƭŘά and to the concept of αmŀƧŀά 
(the world of growth and decay that we experience in space and time) of the upanishads, an ancient indian 
philosophy. SchopenhauerΩǎ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ŎƻƴŎŜǇǘ ƻŦ αwillά denotes the expression of an universal universal 
force and energy behind the diversity of life. Its counterpart in the upanishads is called αbrahmaά, the basic 
principle of the world, the world soul, an universal force and energy, (ZiR1) S. 125. 
 
Note: (H. Hesse: Das Glasperlenspiel, (HeH1) S. 486): 

 

(GöJ) S. 28: Mitteilungen Hermann Hesses 
αDas Leben, das physische, wie das geistige, ist ein dynamisches Phänomen, von dem das 
Glasperlenspiel im Grunde nur die ästhetische Seite erfasst, und zwar erfasst es sie vorwiegend im 
Bild rhythmischer Vorgänge.ά 
 

αUnd nun beginnt im Gemüt mir 
Ein Gedankenspiel, dessen ich mich schon seit Jahren befleiße, 
Glasperlenspiel genannt, eine hübsche Erfindung, 
Deren Gerüst die Musik and deren Grund Mediation istΦά 

 

αWie man aus Notenzeichen ein Musikstück, aus mathematischen Zeichen eine algebraische oder 
astronomische Formel ablesen kann, so haben die Glasperlenspieler sich in Jahrhunderten eine 
Zeichensprache aufgebaut, welche es ermöglicht, Gedanken, Formeln, Musik, Dichtung etc. aller 
Zeiten in einer Art Notensprache wiederzugeben. Das Neue dabei ist lediglich, dass dieses Spiel für 
alle Disziplinen eine Art Generalnenner besitzt, also eine Anzahl von Koordinatenreihen 
zusammenfasst und zu Einem macht.ά 

Musik des Weltalls und Musik der Meister 
Sind wir bereit in Ehrfurcht anzuhören, 
Zu reiner Feier die verehrten Geister 
Begnadeter Zeiten zu beschwören. 

 

Wir lassen vom Geheimnis uns erheben 
Der magischen Formelschrift, in deren Bahn 
Das Uferlose, Stürmende, das Leben, 
Zu klaren Gleichnissen gerann. 

 

Sternbildern gleich ertönen sie kristallen, 
In ihrem Dienst ward unserem Leben Sinn, 
Und keiner kann aus ihren Kreisen fallen, 
Als nach der heiligen Mitte hin. 
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7. Stakeholder views on their worlds 
 
 

Authors 
 
Aristotle; Avenarius R.; Barbour J.; Bergson H.; Bethe H. A.; Böhme G.; Bohm D.; Cassirer E.; Chen F. F.; Courant 
R.; Davidson J.; Dee K.; Deligne P.; Derbyshire J.; Descartes R.; Dirac P. A. M.; Dürr H.-P.; Eco U.; Ehrenhaft F. 
(and W. Schauberger); Einstein A.; Euler L.; Fermi E.; Feynman R.; Goethe J. W. v.; Gödel K.; Hawking S. W.; 
Hegel G. W. F.; Heidegger M.; Heisenberg W.; Helmholtz H.; Hildebrandt S; Hübscher A.; Husserl E.; Kant I.; 
Klainerman S.; Kneser A.; Kramers H. A.; Leedskalnin E.; Leibniz G.-W.; Lorentz H. A.; Mach E.; Marx W.; 
Maupertuis P.; Mijajlovic Z.; Miyamoto K.; Müller O. L.; Nagel Th.; Neuenschwander D. E.; Nietzsche F.; Penrose 
R.; Peskin M.; Planck M.; Poluyan P.; Robitaille P.-M.; Rollnik H.; Rovelli C.; Russel R.; Schauberger V.; Schiller F.; 
Schmicking D. A.; Schopenhauer A.; Schpolski E. W.; Schrödinger E.; Shaw B.; Shu F. H. ; Smolin L.; Spatschek K. 
H.; Treder H.-J.; Unzicker A.; Vagt C.; Weinberg S.; Weizsäcker C. F. v.; Welzer H.; Weyl H.; Wheeler J. A.; Wigner 
E. 
 

Aristotle  
Motion: the pair of the concepts potential and actual 

 
(DrM) p. 189: αAristotle, on the other hand, derives time from motion in general; motion does not have to be 
cyclic. Motion, in turn, he derives from the pair of concepts potential and actual, fundamental for his 
ǇƘƛƭƻǎƻǇƘȅΦ IŜ ŘŜŦƛƴŜǎ Ƴƻǘƛƻƴ ǘƘǳǎΥ α¢ƘŜ ŀŎǘǳŀƭƛǘȅ ƻŦ ǘƘŀǘ ǿƘƛŎƘ ǇƻǘŜƴǘƛŀƭƭȅ ƛǎΣ ŀǎ ǎǳŎƘΣ ƛǎ ƳƻǘƛƻƴΦά ¢Ƙƛǎ 
formulation has often been missunderstood, still today some English translations (and most German ones!) 
ƎƛǾŜΣ ƛƴǎǘŜŀŘ ƻŦ αŀŎǘǳŀƭƛǘȅάΣ ŜΦƎΦΥ αǘƘŜ ǇǊƻƎǊŜǎǎ ƻŦ ƛǘǎ ǊŜŀƭƛȊŀǘƛƻƴά ƻǊ αǊŜŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜƛǊ ǇƻǘŜƴǘƛŀƭƛǘȅάΦ ¢Ƙƛǎ 
translations look more plausible at the first sight, but it is of no use as a definition since the concept of 
αǊŜŀƭƛȊŀǘƛƻƴά ǇǊŜǎǳǇǇƻǎŜǎ ǘƘŜ ǾŜǊȅ process that is to be defined. ς The definition by Aristotle, read correctly, is 
especially interesting because it associates time with potentialityΣ ŀǎ ǿŜ ǿƛƭƭ Řƻ ōŜƭƻǿ ŀǎ ǿŜƭƭΦά 
 
(BöG) S. 63: αEr (Aristoteles) selber hat wohl die Bezeichnung Physik für die zentrale (naturwissenschaftliche 
Disziplin) gehalten. Aus dem einfachen Grunde, weil dieses Wort noch an das griechische Wort physis = Natur 
ŜǊƛƴƴŜǊǘΦ ΧΦ 
 
Χ αtƘȅǎƛƪΣ ǎƻ !ǊƛǎǘƻǘŜƭŜǎΣ ǎŜƛ αŘƛŜ .ŜǘǊŀŎƘǘǳƴƎ ŘŜǊ ²ŀƘǊƴŜƘƳōŀǊŜƴά ǳƴŘ ŦƻƭƎƭƛŎƘ ŘŜǊ ±ŜǊǎǳŎƘ αƛƴ ōŜȊǳƎ ŀǳŦ ŘƛŜ 
²ŀƘǊƴŜƘƳōŀǊŜƴ ŘƛŜ ²ŜǎŜƴǎōŜǎǘƛƳƳǳƴƎŜƴ Ȋǳ ŘŜŦƛƴƛŜǊŜƴάά. 
 
ό.ǀDύ {Φ спΥ αtƘȅǎƛƪ ƘŜƛßǘΣ Řŀǖ Ƴŀƴ ŦǸǊ ŘŜƴ ƧŜǿŜƛƭƛƎŜƴ DŜƎŜƴǎǘŀƴŘΣ ŘŜǊ ƛƳƳŜǊ ŜƛƴŜ α9ǊǎŎƘŜƛƴǳƴƎά ǎŜƛƴ ƳǳǖΣ ǾƛŜǊ 
α¦ǊǎŀŎƘŜƴάΣ ǾƛŜǊ αCŀƪǘƻǊŜƴά ŀƴƎƛōǘΥ ŘŜƴ {ǘƻŦŦ ƻŘŜǊ Řŀǎ aŀǘŜǊƛŀƭΣ ŘƛŜ CƻǊƳ ƻŘŜǊ Řŀǎ ²ŜǎŜƴΣ ŘƛŜ ²ƛǊƪǳƴƎǳǊǎŀŎƘŜ 
oder den Produzenten, den Zweck. Die Angabe aller vier Faktoren ergibt dann die volle Wesensbestimmung im 
{ƛƴƴŜ ŘŜǊ tƘȅǎƛƪΦ 5ƛŜ ²ŜǎŜƴǎōŜǎǘƛƳƳǳƴƎ ƛƳ ŜƴƎŜǊŜƴ {ƛƴƴŜ ƛǎǘ ŀƭǎƻ ƴǳǊ Ŝƛƴ CŀƪǘƻǊ ƛƴ ŘŜǊ DŜǎŀƳǘōŜǎǘƛƳƳǳƴƎΦά 
 
 

Avenarius R. 
Philosophie als Denken der Welt gemäß dem Prinzip des kleinsten Kraftmaßes 

Prolegomena zu einer Kritik der reinen Erfahrung 
 
(AvR) S. 3: Diese Schrift versucht, die Entwicklung der Philosophie unter das Prinzip des kleinsten Kraftmaßes zu 
befassen. Freilich ist dies Prinzip zunächst ein Prinzip der Beharrung, welches hinsichtlich der Seele etwa so 
lauten würde: Die Änderung, welche die Seele ihren Vorstellungen bei dem Hinzutritt neuer Eindrücke erteilt, ist 
eine möglichst geringe; oder mit anderen Worten: Der Inhalt unserer Vorstellungen nach einer neuen 
Apperzeption ist dem Inhalt vor derselben möglichst ähnlich. ς Insofern aber die Seele den Bedingungen 
organischer Existenz und deren Zweckmäßigkeitsanforderungen unterworfen ist, wird das angezogene Prinzip 
zu einem Prinzip der Entwicklung: Die Seele verwendet zu einer Apperzeption nicht mehr Kraft als nötig, und 
gibt bei einer Mehrheit möglicher Apperzeptionen derjenigen den Vorzug, welche die gleiche Leistung mit einem 
geringeren Kraftaufwand, mit welchem aber eine geringere Wirkungsdauer verbunden ist, eine zeitweilige 
Mehranstrengung vor, welche um so viel größere bez. andauerndere Wirkungsvorteile verspricht. 
 
(AvR) S. 6: α9ƛƴŜ !ǳŦŦŀǎǎǳƴƎΣ ǿŜƭŎƘŜΣ ƎƭŜƛŎƘ ŘŜǊ ƘƛŜǊ ƴƛŜŘŜǊƎŜƭŜƎǘŜƴΣ ƧŜŘŜ ƛƴŘƛǾƛŘǳŜƭƭŜ DŜŘŀƴƪŜƴōƛƭŘǳƴƎΣ ŀƭǎƻ 
auch die eigene, mehr als ein Fremdes denn ein Eigenes betrachtet, da sie dieselbe als zum weitaus größeren 
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Teil durch die allgemeine Gedankenentwicklung bestimmt anerkennt, - eine Auffassung, welche sich zugleich 
nicht verhehlt, wie in dem übrig bleibenden Teile scheinbar freier individueller Entfaltung noch so viele Einflüsse 
menschlich-subjektiver Befangenheit hemmend und trübend eingreifen: eine solche Auffassung hat wenig 
Grund, eine gerechte, rein von theoretischen Interessen geleitete Beurteilung zu scheuen. Vielmehr ist sie bereit, 
von der Kritik ς und erst recht von der des Gegners ς zu lernen, indem sie sich der Erkenntnis fügt, daß in den 
Regionen des Denkens, wo Exempel und Experiment versagen, es meist der Einwirkung gegensätzlicher 
Meinungen bedarf, um uns zu der vornehmensten Bedingung aller Selbstkritik und Selbstweiterbildung zu 
entwickeln: zu dem ǾƻƭƭŜƴ .ŜǿǳǖǘǎŜƛƴ ŘŜǎǎŜƴΣ ǿŀǎ ǳƴǎŜǊ ²ƛǎǎŜƴ ǿŀǊ ǳƴŘ ǿŀǎ ǳƴǎŜǊ ²ƻƭƭŜƴΦά 
 
 

Barbour J. 
The End of Time, The Two Big Mysteries  

 
(BaJ1ύ ǇΦ мрΥ αPhysicists currently describe the world by means of two very different theories. Large things are 
described by classical physics, small things by quantum physics. There are two problems with this picture. 
 
CƛǊǎǘΣ ƎŜƴŜǊŀƭ ǊŜƭŀǘƛǾƛǘȅΣ 9ƛƴǎǘŜƛƴΩǎ ǘƘŜƻǊȅ ƻŦ ƎǊŀǾƛǘȅΣ ǎŜŜƳǎ ǘƻ ōŜ ƛƴŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǉǳŀƴǘǳƳ 
mechanics in a way Newtonian dynamics and the theory of electromagnetism, developed by Michael Faraday 
and James Clerk Maxwell in the nineteenth century, are not. For these theories, it proved possible to transform 
them, by a process known quantization, from classical into quantum theories. Attempts to apply the same 
process to general relativity and create quantum gravity failed. It was this technical work, by Dirac and others, 
which brought to fore all problems about time with which this book is concerned. 
 
The second mystery is the relationship between quantum and classical physics. It seems that quantum physics is 
more fundamental and ought to apply to large objects, even the universe. There ought to be a quantum theory 
of the universe: quantum cosmology. But quantum physics does not yet exist in such a form. And its present 
form is very mysterious. Part of it seems to describe the actual behavior of atoms, molecules and radiation, but 
another part consists of rather strange rules that act at the interface between microscopic and macroscopic 
worlds. Indeed, the very existence of a seemingly unique universe is a great puzzle within the framework of 
quantum mechanics. This is very unsatisfactory, since physicists have a deep faith in the unity of nature. 
Because general relativity is simultaneously a theory of gravity and the large-scale structure of the universe, the 
creation of quantum cosmology will certainly require the solution of the only slightly narrower problem of 
ǉǳŀƴǘǳƳ ƎǊŀǾƛǘȅΦά 
 
 

Bergson H. 
Creative Evolution 

 
ό.ŜIмύ LƴǘƻŘǳŎǘƛƻƴΥ αThe history of the evolution of life, incomplete as it yet is, already reveals to us how the 
intellect has been formed, by an uninterrupted progress, along a line which ascends through the vertebrate 
series up to man. It shows us in the faculty of understanding an appendage of the faculty of acting, a more and 
more precise, more and more complex and supple adaption of the consciousness of living beings to the 
conditions of existence that we made for them. Hence should result this consequence that our intellect, in the 
narrow sense of a word, is intended to secure the perfect fitting of our body to its environment, to represent the 
relations of external things among themselves ς in short, to think matter. Such will indeed be one of the 
ŎƻƴŎƭǳǎƛƻƴǎ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘ ŜǎǎŀȅΦ  ΧΦ 
 
But from this it must also follows that our ought, in its purely logical form, is incapable of presenting the true 
nature of life, the full meaning of the evolutionary movement. Created by life, in definite circumstances, to act 
on definite things, how can it embrace life, of which it is only an emanation or an aspect? Deposited by the 
evolutionary movement in the course of its way, how can it be applied to the evolutionary movement itself? As 
well contend that the part is equal to the whole, that the effect can reabsorb its cause, or that the pebble left on 
the beach displays the form of the wave that bought it there. In fact, we do indeed feel that not one of the 
categories of our thought ς unity, multiplicity, mechanical causality, intelligent finality, etc. ς applies exactly to 
the things of life: who can say where individuality begins and ends, whether the living being is one or many, 
whether it is the cells which associate themselves into the organism or the organism which dissociates itself into 
cells? In vain we force the living into this or that one of our molds. All the molds crack. They are too narrow, 
above all too rigid, for what we try to put into them. Our reasoning, so sure of itself among things inert, feels ill 
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at ease on this new ground. It would be difficult to cite a biological discovery due to pure reasoning. And most 
often, when experience has finally shown us how life goes to work to obtain a certain result, we find its way of 
ǿƻǊƪƛƴƎ ƛǎ Ƨǳǎǘ ǘƘŀǘ ƻŦ ǿƘƛŎƘ ǿŜ ǎƘƻǳƭŘ ƴŜǾŜǊ ƘŀǾŜ ǘƘƻǳƎƘǘΦά 

 
 

Bethe H. A. 
Elementary Nuclear Theory 

 
The size of nuclei 

 
(BeH) p. 7-мнΥ αThe methods of determining the size of nuclei fall into two classes: those that indicate the 
presence of nuclear matter even if it is electrically neutral, and those that are purely electromagnetic and are 
influenced only by the electric charge distribution within the nucleus. 
 

1. Nuclear methods 
a. Cross section for fast neutrons 
b. Lifetimes for radioactivity 
c. Cross sections for nuclear reactions involving charged particles 

2. Electromagnetic methods 
a. Electrostatic interaction of protons in the nucleus 
b. Electron scattering 
c. ‘-Mesonic atomic x-ray energies 
d. Electron energy levels 
e. General trend of nuclear Coulomb energiesά 

 
-rays disintegration 

 
ό.ŜIύ ǇΦ мпΥ αNuclei are found in nature (and more can be produced artifically) that emit electrons 
spontaneously according the the reaction schema (ὤ  denotes a nucleus with mass number ὃ) 
 

ὤ  O ὤ ρ  ,       (ȟ  denote a positron resp.an electron)ά 
 

ό.ŜIύ ǇΦ мтΥ αNuclei emit not only particles (heavy particles and electrons) but also -radiation (light quanta). 
Such emission is possible only when a nucleus goes from an excited energy state to a lower energy state. The 
half-lives for dipole radiation (nuclear spin change  ЎὍ π, or ρ ) are generally of the order of ρπ  second 
to about ρπ  second. 

Summary of decay processes 
 

ό.ŜIύ ǇΦ мтΥ αConsider a nucleus ὤ with mass number ὃ in some quantum state; 
 

1. it may be unstable to the emission of heavy particles 
 

a. Neutrons 
b. Protons 
c. -Particles 

 

2. Emission of -rays or ὑ-ŜƭŜŎǘǊƻƴ ŎŀǇǘǳǊŜΥ Χ ¢Ƙǳǎ ǘƘŜ ǳƴǎǘŀōƭŜ ƴǳŎƭŜƛ Ŏŀƴ ōŜ Ǉǳǘ ƛƴǘƻ ǘƘǊŜŜ ƎǊƻǳǇǎ 
 

Group I: Lives unobservablely short 
 

Group II: Lives observable (ρπ second to ρπ years) 
Nearly all -radioactive nuclei, many -ǊŀŘƛƻŀŎǘƛǾ ƻƴŜǎΣ ŀƴŘ Ƴŀƴȅ αƴǳŎƭŜŀǊ ƛǎƻƳŜǊά ŜƳƛǘǘƛƴƎ -rays 
 

Group III: Lives unobservable long (greater that ρπ ȅŜŀǊǎύά 
 

Spin and its measurement 
 

(BeH) p. 19: α9ŀŎƘ ƴǳŎƭŜǳǎ Ƙŀǎ ŀƴ ƛƴǘǊƛƴǎƛŎ ŀƴƎǳƭŀǊ ƳƻƳŜƴǘǳƳ ǿƘƛŎƘ ƛƴǘŜǊŀŎǘǎ ǿƛǘƘ ŀƴƎǳƭŀǊ ƳƻƳŜƴǘŀ 
of electrons or other nuclei. It is measured in units of the Planck constant and, according to quantum 
mechanics, can take only integral or half-integral values. Three methods of determining nuclear spin 
are: 

Á Hyperfine structure of spectra 
Á Zeeman spectra 
Á Band spectra 
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These observed spin values are another reason for rejecting a nuclear model composed of electrons and 
protons. Such a model for a nucleus ὤ  has ὃ protons and ὃ ὤ elecrons or  ςὃ ὤ particles. On this basis, 
nuclei with odd ὤ should have half-integer spin; and nuclei with even ὤ (and therefore an odd total number of 
particles) should have half-ƛƴǘŜƎŜǊ ǎǇƛƴΦά 
 

Statistics 
 
ό.ŜIύ ǇΦ нлΥ αLŘŜƴǘƛŎŀƭ ǇŀǊǘƛŎƭŜǎ ƻōŜȅ ŜƛǘƘŜǊ CŜǊƳƛ ǎǘŀǘƛǎǘƛŎǎ ƻǊ .ƻǎŜ ǎǘŀǘƛǎǘƛŎǎΤ Χ 9ƭŜŎǘǊƻƴǎ ƻōŜȅ CŜǊƳƛ ǎǘŀǘǎǘƛŎǎΦ 
To determine the statistics of nuclei, we shall investigate how an exchange of identical nuclei will affect the sign 
of the wave function for a molecule. 
 
ό.ŜIύ ǇΦ ннΥ αƴƻǿ ƛǘ ǿŀǎ ŦƻǳƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ǘƘŀǘ ƴǳŎƭŜƛ ǿƛǘƘ ŜǾŜƴ ὃ obey Bose statistics, those with odd ὃ 
Fermi statistics. This proves that the neutron must obey Fermi statistics, just as the proton for which this fact is 
ƪƴƻǿƴ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅΦά 
 
(BeH) p. 24: With no known exceptions, all nuclei of even ὤ and even ὃ ƘŀǾŜ ǘƻǘŀƭ ƴǳŎƭŜŀǊ ǎǇƛƴ ȊŜǊƻάΦ 
 

The structure of nuclei 
 

ό.ŜIύ ǇΦ мртΥ αCǊƻƳ ŀ ŘŜǘŀƛƭŜŘ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ŦƻǊŎŜǎ ōŜǘǿŜŜƴ ƴǳŎƭŜƻƴǎ ƛǘ ǿƻǳƭŘ ōŜ ǇƻǎǎƛōƭŜ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ 
ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŀƭƭ ƴǳŎƭŜƛά 
 
 

Böhme G. 
Idee und Kosmos 

Platons Zeitlehre ς Eine Einführung in seine theoretische Philosophie 
 

(BöG): Dieses Buch ist eine Einführung in Platons theoretische Philosophie, nämlich seine Ideenlehre, seine 
Prinzipienlehre, seine ungeschriebene Lehre und seine Naturphilosophie als einer Einheit. Damit soll der unselige 
Zustand der Platonforschung überwunden werden, in dem diese Teile seiner Philosophie gegeneinander 
ausgespielt werden. Als Paradigma, an dem diese Einheit demonstriert werden soll, wurde die platonische 
Zeitlehre gewählt. Ihr kommt deswegen eine hervorragende Bedeutung zu, weil sich an ihr entscheidet, wie das 
Verhältnis von Idee und Kosmos zu denken ist. Es ist falsch, dies ist die These dieses Buches, den Kosmos ς wie 
bei Kant ς als den Bereich zeitlichen Seins zu verstehen. Jede Bestimmtheit im Kosmos ist Darstellung idealen 
Seins. Auch die Zeit ist, wie der Timaios lehrt, eine solche Darstellung. 
 
Das Verständnis der theoretischen Philosophie Platons als einer Einheit demonstriert zugleich, wie notwendig es 
ist, den Stand der ς für Platon ς zeitgenössischen Wissenschaft zu berücksichtigen. Philosophie heißt eben nicht 
nur Liebe zur Weisheit, sondern auch Liebe zu den Wissenschaften. 

 
ό.ǀDύ {Φ пфΥ αWir können jetzt formulieren, in welchem eingeschränkten Sinne das Verhältnis von Idee und 
sinnlicher Wirklichkeit als ein Abbildungsverhältnis angesehen werden kann, und damit in welchem Sinne der 
ganze Kosmos als Bild zu verstehen ist. Das Darstellungsverhältnis von Idee und Ding ist von dem gewöhnlichen 
Urbild-Abbild-Verhältnis durch zweierlei unterschieden: Zum ersten ist das Original nicht ein Seiendes mit 
gewissen Bestimmungen, die dann auch am Bild erscheinen könnten. Zum zweiten enthält das Bild nicht qua 
Bild besondere Charaktere. Wie soll man ein so merkwürdiges Darstellungsverhältnis begreiflich machen? 
 
Die Darstellung der Ideen besteht offensichtlich darin, daß sie, die an sich nicht Bestimmungen von etwas sind, 
als Bestimmungen von etwas auftreten. Die Gerechtigkeit selbst, ist nicht jemandes Gerechtigkeit, sie erhält 
aber ihre Darstellung als eine Gerechtigkeit des Sokrates oder die des Staates. Der moderne Leser mag sich 
hierbei an den Darstellungsbegriff erinnern, der in der neueren Mathematik eine Rolle gespielt hat. Als man zu 
Anfang dieses Jahrhunderts dazu überging, in freierer Weise mathematische Strukturen zu entwickeln, forderte 
Ƴŀƴ Ȋǳ ƛƘǊŜǊ !ƴŜǊƪŜƴƴǳƴƎ ƛƳƳŜǊ ŜƛƴŜ α5ŀǊǎǘŜƭƭǳƴƎά ŘŜǊ ōŜǘǊŜŦŦŜƴŘŜƴ {ǘǊǳƪǘǳǊΦ aŀƴ ǾŜǊǎǘŀƴŘ ŘŀǊǳƴǘŜǊ ŘŜƴ 
Aufweis eines Gegenstandsbereiches, der diese Struktur auch wirklich hat ς in der Regel dienten dazu die 
natürlichen Zahlen oder eine bestimmte Teilmenge derselben. Man verlangte den Nachweis, daß die Struktur 
ŀǳŎƘ ƛǊƎŜƴŘǿƻ αǊŜŀƭƛǎƛŜǊǘά ǎŜƛΦ 5ƛŜǎŜ !ƴŀƭƻƎƛŜ ƛǎǘ ŀƭƭŜǊŘƛƴƎǎ Ƴƛǘ ±ƻǊǎƛŎƘǘ Ȋǳ ōŜƴǳǘȊŜƴΣ ŘŜƴƴƴ ŘƛŜ CƻǊŘŜǊǳƴƎ ƴŀŎƘ 
einer Darstellung entsprang sicherlich einer eher aristotelisch geprägten Ontologie, denn als das eigentlich 
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Reale sah man offenbar dasjenige an, was eine Struktur trägt, während man der Struktur als solcher kein Sein 
zubilligte. 
 
Die Darstellung der Ideen ist eine Darstellung ohne spezifische Drstellungsprinzipien, sie ist ς um dies noch 
einmal zu betonen ς nicht die Erscheinung der Ideen in der Zeit. Die Zeit selber ist eine Darstellung, nämlich die 
des h ʾ˗˄Φά 
 
(BöG) S. 68, &hb όʰʾ˗˄ύΥ αAls der erzeugende Vater das (Weltall) bewegt und lebendig erschaute, 
hervorgetreten als Heiligtum der ewigen Götter, war er entzückt und dachte daran, es dem Vorbild noch 
ähnlicher zu machen. So wie nun dieses selbst ein ewiges Lebewesen ist, versuchte er jenes All nach Möglichkeit 
als ein derartiges zu vollenden. Nun ist das Wesen des Lebendigen aber äonisch, und dies dem Hervorgetretenen 
ganz zu gewähren war allerdings nicht möglich: Er gedachte aber ein bewegliches Bild des Äon zu machen, und 
indem er zugleich den Himmel ordnete, machte er ein nach Zahlen gehendes, äonisches Bild des in einem 
ōƭŜƛōŜƴŘŜƴ &ƻƴΣ ƧŜƴŜǎ όƴŅƳƭƛŎƘύΣ Řŀǎ ǿƛǊ ½Ŝƛǘ ƎŜƴŀƴƴǘ ƘŀōŜƴΦά όот ŎΣŘύΦ 
 
(BöG) S. 69: &hb όʰʾ˗˄ύΥ αLǎǘ ŀƭǎƻ ʰʾ˗˄ Řŀǎ ²ŜǎŜƴǘƭƛŎƘŜ ŘŜǊ ½ŜƛǘΣ ǎƻ Ǝƛƭǘ ŜǎΣ ǳƳ Řŀǎ ²ŜǎŜƴ ŘŜǊ ½Ŝƛǘ Ȋǳ ŜǊŦŀǎǎŜƴΣ 
gerade diesen zu verstehen. Nun ist dieses ±ŜǊǎǘŜƘŜƴ ŘǳǊŎƘ ŘƛŜ «ōŜǊǎŜǘȊǳƴƎ Ǿƻƴ ʰʾ˗˄ ŘǳǊŎƘ 9ǿƛƎƪŜƛǘ ƴǳǊ 
allzuschnell geleistet. Es bleibt nämlich dabei unausgemacht, welchen Sinn man mit dem Wort Ewigkeit 
verbindet, und es wird insbesondere verdeckt, daß es gerade Platon, daß es gerade diese Stelle war, die dem 
²ƻǊǘ ʰʾ˗˄ ŜǊǎǘ ŘŜƴ {ƛƴƴ Ǿƻƴ 9ǿƛƎƪŜƛǘ ǾŜǊƭƛŜƘΦ 5ƛŜ ŜǊǎǘŜ !ǳŦƎŀōŜ ŘŜǊ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ŘŜǊ ǾƻǊƎŜƭŜƎǘŜƴ ¢ŜȄǘǎǘŜƭƭŜ 
Ƴǳǖ ŀƭǎƻ ŘŀǊƛƴ ōŜǎǘŜƘŜƴΣ ŘƛŜ ƎŅƴƎƛƎŜ «ōŜǊǎŜǘȊǳƴƎ Ǿƻƴ ʰʾ˗˄ ŘǳǊŎƘ 9ǿƛƎƪŜƛǘ Ȋǳ ŘŜǎǘǊǳƛŜǊŜƴΦ 5ŀǎ Ƴǳǖ ƴƛŎƘǘ Ȋǳ 
einer Widerlegung führen, iƳ DŜƎŜƴǘŜƛƭ ǿƛǊŘ ŘƛŜǎŜǊ ²ŜƎ ŜǊǎǘ ǿƛŜŘŜǊ ŘƛŜ .ŜŘŜǳǘǳƴƎǎŦǸƭƭŜ Ǿƻƴ ʰʾ˗˄ ŜǊǎŎƘƭƛŜǖŜƴΣ 
Ǿƻƴ ŘŜǊ ƘŜǊ ǎƛŎƘ ŘƛŜ «ōŜǊǎŜǘȊǳƴƎ ŘǳǊŎƘ α9ǿƛƎƪŜƛǘά Ƴƛǘ LƴƘŀƭǘ ŦǸƭƭŜƴ ƭŅǖǘΦά 
 
(BöG) S. 145, Die Zeit als Thema der Astronomie: αYƻǎƳƻƭƻƎƛǎŎƘ ƎŜǎŜƘŜƴ ǎƛƴŘ ŘƛŜ DŜǎǘƛǊƴŜ ǳƳ ŘŜǊ ½Ŝƛǘ ǿƛƭƭŜƴ 
da, und nicht umgekehrt. Sie sind, wie es im Timaios heißt, Werkzeuge der Zeit (42 d 5) oder Werkzeuge der 
Zeiten (41 e 5). Die Zeit ist der kosmologische Sinn der Gestirne, sie ist deshalb das eigentliche Thema der 
Astronomie. 
 
 

Bohm D. 
The Special Theory of Relativity 

 
ό.ƻ5ύ tǊŜŦŀŎŜΥ α9ƛƴǎǘŜƛƴΩǎ ōŀǎƛŎŀƭƭȅ ƴŜǿ ǎǘŜǇ ǿŀǎ ƛƴ ŀŘƻǇǘƛƻƴ ƻŦ ŀ ǊŜƭŀǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘ ǘƻ ǇƘȅǎƛŎǎΦ LƴǎǘŜŀŘ ƻŦ 
supposing that the task of physics is the study of an absolute underlying substance of the universe (such as an 
ether) he suggested that it is only in the study of relationships between various aspects of this universe, 
ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǘƘŀǘ ŀǊŜ ƛƴ ǇǊƛƴŎƛǇƭŜ ƻōǎŜǊǾŀōƭŜǎΦ  Χ 9ƛƴǎǘŜƛƴΩǎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŎƻƴŎept of simultaneity, in which he 
ǊŜƎŀǊŘǎ ǘƛƳŜ ŀǎ ŀ ƪƛƴŘ ƻŦ αŎƻƻǊŘƛƴŀǘŜά ŜȄǇǊŜǎǎƛƴƎ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ of an event to a concrete physical process in 
which this coordinate is measured. On the basis of the observed fact of the constancy of actually measured 
velocity of light for all observers, one sees that observers moving at different speeds cannot agree on the same 
time coordinate to be asccibed to distant events. From this conclusion, it also follows that they cannot agree on 
the lengths of objects or the rates of clocks. Thus, the essential implications of the theory of relativity are seen 
qualitatively, without the need for any formulas. The transformations of Lorentz are then shown to be the only 
ones that can express in precise quantitative from to be the only ones that can express in precise quantitative 
form the same conclusions that were initially obtained without mathematicsά 
 
(BoD) p. 97: α²Ŝ ƘŀǾŜ ǎŜŜƴ ŀƭǊŜŀŘȅ ǘƘŀǘ bŜǿǘƻƴΩǎ ƭŀǿǎ ƻŦ Ƴƻǘƛƻƴ ŀǊŜ ƴƻǘ ƛƴǾŀǊƛŀƴǘ ǘƻ ŀ [ƻǊŜƴǘȊ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΣ 
and that the principle of relativity therefore implies (except in the limit as ὺȾὧ approaches zero), these cannot 
ōŜ ŎƻǊǊŜŎǘ ƭŀǿǎ ƻŦ ƳŜŎƘŀƴƛŎǎΦ Χ ƻǳǊ ŦƛǊǎǘ ǇǊƻōƭŜƳ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ǘƘŜǎŜ ƭŀǿǎ ƛǎ ǘƘŜǊŜŦƻǊŜ ǘƻ ƎŜƴŜǊŀƭƛȊŜ ǘƘŜƳ ǎƻ ŀǎ 
ǘƻ ƻōǘŀƛƴ ŀ ƴŜǿ ǎŜǘ ƻŦ Ŝǉǳŀǘƛƻƴǎ ǘƘŀǘ ƛǎ ƛƴǾŀǊƛŀƴǘ ǘƻ ŀ [ƻǊŜƴǘȊ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΦ Χ ƛƴ ŀƴ ƛǎƻƭŀǘŜŘ ǎȅǎǘŜƳ ƻŦ ōƻŘies 
the total momentum ὖ is related to the total mass ὓ and the velocity ὠ of the center of mass by the formula 
ὖ ὠϽὓ. It is a well known theorem in Newtonian mechanics that in such a system the total momentum ὖ is a 
Ŏƻƴǎǘŀƴǘ ǾŜŎǘƻǊ ŀƴŘ ǘƘŜ ǘƻǘŀƭ Ƴŀǎǎ ƛǎ ŀƭǎƻ ŀ ŎƻƴǎǘŀƴǘΦ  Χ ǘƻ ƎŜƴŜǊŀƭƛȊŜ bŜǿǘƻƴΩǎ ƭŀǿǎ ǘƘŜ ōŀǎƛŎ ƛŘŜŀ ōŜƘƛƴŘ ƻǳǊ 
procedure is that it is essential in physical theories to be able to analyze a whole system into parts or 
components. Thus in a theory of a continuous medium, such as hydrodynamics, we regard the fluid as being 
constituted out of small elements of volume, and, in a theory which explains matter as having a discrete atomic 
structure, a whole system is likewise regarded as constituted out of small elements, now taken to be atoms. In 
both kinds of theories we can treat the total momentum of a system as the sum of momenta of its parts, 
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likewise with total mass and the total energy. Moreover, at least in the domain where Newtonian theory 
applies, such systems are known by experiment (as well as from the theory) to satisfy the laws of conservation o 
momentum, conservation of mass, and consŜǊǾŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅά 

 
 

Bohm D. 
Wholeness and the implicate (and explicate) order in physical law 

 
ό.ƻ5мύ ǇΦ мммΥ αWhat we usually call αǇŀǊǘƛŎƭŜǎά ŀǊŜ ǊŜƭŀǘƛǾŜƭȅ ǎǘŀōƭŜ ŀƴŘ ŎƻƴǎŜǊǾŜŘ ŜȄŎƛǘŀǘƛƻƴǎ ƻƴ ǘƻǇ ƻŦ ǘƘƛs 
vacuum. Such particles will be registered at the large-scale level, where apparatus is sensitive only to those 
features of the field that will last a long time, but not to those features that fluctuate rapidly. Thus, the 
αǾŀŎǳǳƳά ǿƛƭƭ ǇǊƻŘǳŎŜ ƴƻ ǾƛǎƛōƭŜ ŜŦŦŜŎǘǎ ŀǘ ǘƘŜ ƭŀǊƎŜ-scale level, since its fields will cancel themselves out on the 
ŀǾŜǊŀƎŜΣ ŀƴŘ ǎǇŀŎŜ ǿƛƭƭ ōŜ ŜŦŦŜŎǘƛǾŜƭȅ αŜƳǇǘȅά Ŧor an electron  in the lowest band, even though the space is full 
of atomsά 
 
ό.ƻ5мύ ǇΦ мусΥ αWhat is being suggested here is that the considerations of the difference between lens and 
ƘƻƭƻƎǊŀƳ Ŏŀƴ Ǉƭŀȅ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇŀǊǘ ƛƴ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ŀ ƴŜǿ ƻǊŘŜǊ ǘƘŀǘ ƛǎ ǊŜƭŜǾŀƴǘ ŦƻǊ ǇƘȅǎƛŎŀƭ ƭŀǿΦ Χ ǘƘŜ 
ǿƻǊŘ αƛƳǇƭƛŎƛǘά ƳŜŀƴǎ αǘƻ ŦƻƭŘ ƛƴǿŀǊŘά 
 
(BoD1) p. 199: αLǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŜƳǇƘŀǎƛȊŜΣ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ƳŀǘƘŜƳŀǘƛŎǎ ŀƴŘ ǇƘȅǎƛŎǎ ŀǊŜ ƴƻǘ ōŜƛƴƎ ǊŜƎŀǊŘŜŘ 
here as separate but mutually related structures (so that, for example, one could be said to apply mathematics 
to physics as paint is applied to wood). Rather, it is being suggested that mathematics and physics are to be 
ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀǎǇŜŎǘǎ ƻŦ ŀ ǎƛƴƎƭŜ ǳƴŘƛǾƛŘŜŘ ǿƘƻƭŜά 
 
ό.ƻ5мύ ǇΦ нллΥ αexplicate order arises primarily as a certain aspect  of snese of perception and of experience 
with the content of such sense perceptionά 
 
(BoD1) p. 200: α²Ƙŀǘ ƛǎ ŎƻƳƳƻƴ ǘƻ ǘƘŜ ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ƛƴǎǘǊǳƳŜƴǘǎ ƎŜƴŜǊŀƭƭȅ ǳǎŜŘ ƛƴ ǇƘȅǎƛŎŀƭ ǊŜǎŜŀǊŎƘ ƛǎ ǘƘŀǘ 
the sensibly perceptible content is ultimately describable in terms of a Euclidean system of order and measure, 
i.e., one that can adequately be understood in terƳǎ ƻŦ ƻǊŘƛƴŀǊȅ 9ǳŎƭƛŘŜŀƴ ƎŜƻƳŜǘǊȅΦ Χά   
 
(BoD1) p. 200: αLƴ ǘƘƛǎ ŘƛǎŎǳǎǎƛƻƴǎΣ ǿŜ ǎƘŀƭƭ ŀŘƻǇǘ ǘƘŜ ǿŜƭƭ-known view of the mathematician Klein, who 
considered the general transformations are considered to be the essential determining features of a geometry. 
Thus, in an Euclidean space of three dimensions, there are three displacement operator Ὀ. Each of these 
operators  defines a set of parallel lines which transform into themselves under the operation in question. Then, 
there are three rotation operators Ὑ. Each of these define a set of concentric cylinders around the origin which 
transform into themselves under the operation in question. Together, they define concentric spheres which 
transform into themselves under the whole set of Ὑ. Finally, there is the dilation operator Ὑ, which transforms 
a sphere of a given into one of a different radius. Under this operation, the radial lines through the origin 
ǘǊŀƴǎŦƻǊƳ ƛƴǘƻ ǘƘŜƳǎŜƭǾŜǎά 
 
(BoD1) p. 201: α{ƻ ǿŜ Ƴŀȅ ŘŜǎŎǊƛōŜ ŘƛǎǇƭŀŎŜƳŜƴǘǎ ƻƴ ŀ ƴǳƳŜǊƛŎŀƭ ǎŎŀƭŜΦ ¢Ƙƛǎ ƎƛǾŜǎ ƴƻǘ ƻƴƭȅ ŀƴ ƻǊŘŜǊΣ ōǳǘ ŀƭǎƻ ŀ 
ƳŜŀǎǳǊŜ όƛƴ ǎƻ ŦŀǊ ǿŜ ǘǊŜŀǘ ǎǳŎŎŜǎǎƛǾŜ ŘƛǎǇƭŀŎŜƳŜƴǘǎ ŀǎ ŜǉǳƛǾŀƭŜƴǘ ƛƴ ǎƛȊŜύά 
 
(BoD1) p. 202: αLƳǇƭƛŎŀǘŜ ƻǊŘŜǊ ƛǎ ƎŜƴŜǊŀƭƭȅ ǘƻ ōŜ ŘŜǎŎǊƛōŜŘ ƴƻǘ ƛƴ ǘŜǊƳǎ ƻŦ ǎƛƳǇƭŜ ƎŜƻƳŜǘǊƛŎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎΣ 
ǎǳŎƘ ŀǎ ǘǊŀƴǎƭŀǘƛƻƴǎΣ ǊƻǘŀǘƛƻƴǎΣ ŀƴŘ ŘƛƭŀǘƛƻƴǎΣ ōǳǘ ǊŀǘƘŜǊ ƛƴ ǘŜǊƳǎ ƻŦ ŀ ŘƛũŜǊŜƴǘ ƪƛƴŘ ƻŦ ƻǇŜǊŀǘƛƻƴǎΦ Χά  
 
(BoD1) p. 202: α²Ƙŀǘ ƘŀǇǇŜƴǎ ƛƴ ǘƘŜ ōǊƻŀŘŜǊ ŎƻƴǘŜȄǘ ƻŦ ƛƳǇƭƛŎŀǘŜ ƻǊŘŜǊ ǿŜ ǎƘŀƭƭ Ŏŀƭƭ ŀ ƳŜǘŀƳƻǊǇƘƻǎƛǎΦ Χά  
 
(BoD1) p. 202: α! ƘƻƭƻƎǊŀƳ ƛǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ŀ ǎƛƳƛƭŀǊƛǘȅ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ όƻǊ ŀ ǎƛƳƛƭŀǊƛǘȅ metamorphosis). It is 
ŘŜǘŜǊƳŜŘ ōȅ ǘƘŜ DǊŜŜƴΩǎ ŦǳƴŎǘƛƻƴ ǊŜƭŀǘƛƴƎ ŀƳǇƭƛǘǳŘŜǎ ŀǘ ǘƘŜ ƛƭƭǳƳƛƴŀǘŜŘ ǎǘǊǳŎǘǳǊŜ ǘƻ ǘƘƻǎŜ ŀǘ ǘƘŜ ǇƘƻǘƻƎǊŀǇƘƛŎ 
ǇƭŀǘŜά 
 
(BoD1) p. 206: αhŦ ŎƻǳǊǎŜΣ ƛƴ ǘƘŜ ǉǳŀƴǘǳƳ ǘƘŜƻǊȅΣ ǘƘŜ ŀƭƎŜōǊŀƛŎ ǘŜǊƳǎ ŀǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ǎǘŀƴŘƛƴƎ ŦƻǊ ΨǇƘȅǎƛŎŀƭ 
ƻōǎŜǊǾŀōƭŜǎΩ ǘƻ ǿƘƛŎƘ ǘƘŜȅ ŎƻǊǊŜǎǇƻƴŘΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ƛǎ ōŜƛƴƎ ǎǳƎƎŜǎǘŜŘ ƘŜǊŜΣ ǎǳŎƘ ǘŜǊƳǎ ŀǊŜ 
not to be regarded as standing for anything in parǘƛŎǳƭŀǊΦ Χ ¢Ƙƛǎ ƳŜŀƴǎΣ ƻŦ ŎƻǳǊǎŜΣ ǘƘŀǘ ǿŜ Řƻ ƴƻǘ ǊŜƎŀǊŘ ǘŜǊƳǎ 
ƭƛƪŜ ΨǇŀǊǘƛŎƭŜΩΣ ΨŎƘŀǊƎŜΩΣ ΨƳŀǎǎΩΣ ΨǇƻǎƛǘƛƻƴΩΣ ΨƳƻƳŜƴǘǳƳΩΣ ŜǘŎΦΣ ŀǎ ƘŀǾƛƴƎ ǇǊƛƳŀǊȅ ǊŜƭŜǾŀƴŎŜ ƛƴ ǘƘŜ ŀƭƎŜōǊŀƛŎ 
language. Rather, at best, they will have to come out as high-level aōǎǘǊŀŎǘƛƻƴǎΦά 
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Bohm D. 
Quantum Theory 

Spin and Angular Momentum 
 
(BoD2) p. 387: αIn chapter 14 we studied the quantum properties of the angular momentum of single-particle 
systems. We wish now to extend this treatment to take into account the angular momentum of a system of 
particles. We shall also discuss the treatment of the additional angular momentum arising from the fact that 
the electron has an intrinsic spin. 

Electron spin 
 
Although the Schrödinger wave equation gives excellent general agreement with experiment in predicting the 
frequencies of spectral lines, small discrepancies are found, which can be explained in terms of the postulate 
that the electron has, besides its usual orbital angular momentum, an additional intrinsic angular momentum 
that acts as if it came from a spinning solid body (*). It was found that agreement with experiment could be 

obtained by means of the assumption that the magnitude of the additional angular momentum was  . The 

magnetic moment needed to obtain agreement with the Zeeman effect was, however, ‘ Ὡ ςάὧ, which is 

exactly the same as that arising from an orbital angular momentum of  (It should be noted that because it is 

the order of , spin is an essentially quantum-mechanical property). The gyromagnetic ratio, i.e., the ratio of 

magnetic moment to angular momentum is therefore twice as great for electron spins as it is for orbital spinsΦά 
 

(*) H. A. Kramers, Die Grundlagen der Quantentheorie 

 
 

Cassirer E. 
Kants Leben und Lehre 

Die Kritik der Urteilskraft 
 
(CaE) S. олрΥ αDas Reich der Kunst und das der organischen Naturformen stellt nur darum eine andere Welt als 
die der mechanischen Kausalität und der sittlichen Normen dar, weil die Verknüpfung, die wir in beiden 
zwischen den Einzelgebilden annehmen, unter einer eigentümlichen Gesetzesform steht, die weder durch die 
ǘƘŜƻǊŜǘƛǎŎƘŜƴ α!ƴŀƭƻƎƛŜƴ ŘŜǊ 9ǊŦŀƘǊǳƴƎάΣ ŘǳǊŎƘ ŘƛŜ ±ŜǊƘŅƭǘƴƛǎǎŜ Ǿƻƴ {ǳōǎǘŀƴȊΣ ¦ǊǎŅŎƘƭƛŎƘƪŜƛǘ ǳƴŘ 
Wechselwirkung, noch durch die ethischen Imperative ausdrückbar ist. Welches ist diese Gesetzesform und 
worŀǳŦ ƎǊǸƴŘŜǘ ǎƛŎƘ ŘƛŜ bƻǘǿŜƴŘƛƎƪŜƛǘΣ ŘƛŜ ǿƛǊ ŀǳŎƘ ƛƘǊ ȊǳǎǇǊŜŎƘŜƴΚ Lǎǘ ǎƛŜ ŜƛƴŜ αǎǳōƧŜƪǘƛǾŜάƻŘŜǊ αƻōƧŜƪǘƛǾŜά 
Notwendigkeit: beruht sie auf einem Zusammenhang, der lediglich in unserer menschlichen Vorstellung besteht 
und von hier aus fälschlich den Gegenständen angeheftet wird, oder ist sie im Wesen dieser Gegenstände selbst 
ƎŜƎǊǸƴŘŜǘΚ Lǎǘ ŘŜǊ ½ǿŜŎƪƎŜŘŀƴƪŜΣ ǿƛŜ {ǇƛƴƻȊŀ ǿƛƭƭΣ ƭŜŘƛƎƭƛŎƘ Ŝƛƴ αŀǎȅƭǳƳ ƛƎƴƻǊŀƴǘƛŀŜά ƻŘŜǊ ōƛƭŘŜǘ ŜǊΣ ǿƛŜ 
Aristoteles und Leibniz behaupten, das objektive Fundament jeder tieferen Naturerklärung? Oder, wenn wir alle 
diese Fragen vom Gebiet der Natur auf das der Kunst übertragen: steht die Kunst im Zeichen der 
αbŀǘǳǊǿŀƘǊƘŜƛǘά ƻŘŜǊ ƛƳ ½ŜƛŎƘŜƴ ŘŜǎ α{ŎƘŜƛƴǎάΤ ƛǎǘ ǎƛŜ ŘƛŜ bŀŎƘŀƘƳǳƴƎ ŜƛƴŜǎ .ŜǎǘŜƘŜƴŘŜƴ ƻŘŜǊ ŜƛƴŜ ŦǊŜƛŜ 
Schöpfung der Phantasie, die mit dem Gegebenen nach Belieben und Willkür schaltet? Durch die gesamte 
Entwicklung der organischen Naturlehre, wie durch die der Ästhetik ziehen sich diese Probleme hindurch: τ 
jetzt aber gilt es, ihnen einen festen systematischen Platz anzuweisen und sie dadurch zur Hälfte bereits zur 
Lösung zu bringen.ά 
 

Chen F. F. 
Plasma physics 

 
ό/ƘCύ ǇΦмΥ αIt has often been said that 99% of the matter in the universe is in the plasma state; that is, in the 
form of an electrified gas with the atoms dissoviated into positive ions and negative electronsΦά 
 

Definition of plasma 
 
ό/ƘCύ ǇΦ оΥ αAny ionized gas cannot be called a plasma, of cource; there is always some small degree of 
ionization in any gas. A useful definition is as follows: 
 

A plasma is a quasineutral gas of charged and  
neutral particles which exhibits collective behavior. 
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²Ŝ Ƴǳǎǘ ƴƻǿ ŘŜŦƛƴŜ αǉǳŀǎƛƴŜǳǘǊŀƭά ŀƴŘ αŎƻƭƭŜŎǘƛǾŜ ōŜƘŀǾƛƻǊάΦ ΧΦά 
 

Phase vs. group velocity of waves in a plasma 
exceeding vs. not exceeding the velocity of light ὧ 

 
(ChF) p. 81: αThe phase velocity of a wave in a plasma often exceeds the velocity of light ὧ. This does not violate 
the theory of relativity, because an infinitely long wave train of constant amplitude cannot carry information. 
The carrier of a radio wave, for instance, carries no information until it is modulated. The modulation 
information does not travel at the phase velocity but at the group velocity, which is always less than ὧ. To 
ƛƭƭǳǎǘǊŀǘŜ ǘƘƛǎΣ ǿŜ Ƴŀȅ ŎƻƴǎƛŘŜǊ ŀ ƳƻŘǳƭŀǘŜŘ ǿŀǾŜ ŦƻǊƳŜŘ ōȅ ŀŘŘƛƴƎ όαōŜŀǘƛƴƎάύ ǘǿƻ ǿŀǾŜǎ ƻŦ ƴŜŀǊƭȅ Ŝǉǳŀƭ 
frequencies. Let these waves be  
 

Ὁ ὉὧέίὯ ЎὯὼ  Ўὸ 
 

Ὁ ὉὧέίὯ ЎὯὼ  Ўὸ 
 
Ὁ and Ὁ differ in frequency by ςЎȾὯ appropriate to the Since each wave must have the phase velocity . 
medium in which they propagate, one must allow for the difference ςЎin propagation constant. Using the  
abbreviation ὥ Ὧὼ ὸ, ὦ ЎὯὼ Ўὸ we have 
 

Ὁ Ὁ Ὁὧέίὥ ὦ Ὁὧέίὥ ὦ 
 

Ὁ ὧέίὥὧέίὦ ίὭὲὥίὭὲὦ ὧέίὥὧέίὦ ίὭὲὥίὭὲὦ 
 

ςὉὧέίὥὧέίὦ 
i.e.,  Ὁ Ὁ ςὉ ὧέίὯὼὸὧέίЎὯὼ Ўὸ. This is a sinusoidally modulated wave. The envelope of 
the wave, given by ὧέίЎὯὼ Ўὸ, is what carries information; it travels at velocity ЎȾЎὸ. Taking the limit 
Ўᴼπ, we define the group velocity to be  
 

ὺ Ὠ.ȾὨὯ 

 
It is this quantity that cannot exceed ὧ. 

 
Linear vs. nonlinear Landau damping phenomena 

arising from different physical effects 
 
(ChF) p. 245: Landau damping is a characteristic of collisionsless plasmas, but it may also have application in 
other fields. For instance, in the kinetic treatment of galaxy formation, stars can be considered as atoms of a 
plasma interacting via graviational rather than electromagnetic forces. Instabilities of the gas of stars can cause 
spiral arms to form, but this process is limited by Landau damping.ά 
 
(ChF) p. 248-нпфΥ αThere are actually two kinds of Landau damping: linear Landau damping, and nonlinear 
Landau damping. Both kinds are independent of dissipative collisional mechanisms. If a particle is caught in the 
ǇƻǘŜƴǘƛŀƭ ǿŜƭƭ ƻŦ ŀ ǿŀǾŜΣ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ƛǎ ŎŀƭƭŜŘ αǘǊŀǇǇƛƴƎάΦ tŀǊǘƛŎƭŜǎ Ŏŀƴ ƛƴŘŜŜŘ Ǝŀƛƴ ƻǊ ƭƻǎŜ ŜƴŜǊƎȅ ƛƴ 
ǘǊŀǇǇƛƴƎΦ IƻǿŜǾŜǊΣ ǘǊŀǇǇƛƴƎ ŘƻŜǎ ƴƻǘ ƭƛŜ ǿƛǘƘƛƴ ǘƘŜ ǇǳǊǾƛŜǿ ƻŦ ǘƘŜ ƭƛƴŜŀǊ ǘƘŜƻǊȅΦ ΧΦ ¢ǊŀǇǇƛƴƎ ƛǎ ƴƻǘ ƛƴ ǘƘŜ ƭƛƴŜŀǊ 
theory. When a wave grows to a larger amplitude, collisonless damping with trapping occurs. One then finds 
that the wave does not decay monotonically; rather the amplitutes fluctuates during the decay as the trapped 
particles bounce back and forth in the potential wells. This is nonlinear Landau damping.  .. Since the linear 
Landau damping is dŜǊƛǾŜŘ ŦǊƻƳ ŀ ƭƛƴŜŀǊ ǘƘŜƻǊȅΣ Χ ǘƘŜ ƴƻƴƭƛƴŜŀǊ [ŀƴŘŀǳ ŘŀƳǇƛƴƎ Ƴǳǎǘ ŀǊƛǎŜ ŦǊƻƳ ŀ ŘƛŦŦŜǊŜƴǘ 
physical effect. The question is: Can untrapped electrons moving close to the phase velocity of the wave 
ŜȄŎƘŀƴƎŜ ŜƴŜǊƎȅ ǿƛǘƘ ǘƘŜ ǿŀǾŜΚά 
 
ό/ƘCύ tΦ нрпΥ αNeither the untrapped particles nor particle trapping are responsible for linear Landau damping. 
Χ LƴŘŜŜŘΣ ǘƘŜǊŜ ŀǊŜ ǇŀǊǘƛŎƭŜǎ ƛƴ ǘƘŜ ƻǊƛƎƛƴŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ǿƘƛŎƘ ƘŀǾŜ ǾŜƭƻŎƛǘƛŜǎ ǎƻ ŎƭƻǎŜ ǘƻ ὺ that at the time ὸ 

they have not yet gone half-wavelength relative to the wave. For these particles, one cannot take the average 
ộЎὡ ỚΦ ¢ƘŜǎŜ ǇŀǊǘƛŎƭŜǎ Ŏŀƴ ŀōǎƻǊō ŜƴŜǊƎȅ ŦǊƻƳ ǘƘŜ ǿŀǾŜ ŀƴŘ ŀǊŜ ǇǊƻǇŜǊƭȅ ŎŀƭƭŜŘ ǘƘŜ αǊŜǎƻƴŀƴǘά ǇŀǊǘƛŎƭŜǎΦ !ǎ 
time goes on, the number of resonant electrons increases, since an increasing number will have shifted more 

than ‗ from their original positions. The damping rate, however, can stay constant, since the amplitude is now 

smaller, and it takes fewer electrons to maintain a constant damping rateΦά 
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(ChF) p. 260: The resonant particles 
α²Ŝ ŀǊŜ ƴƻǿ ƛƴ ŀ Ǉƻǎƛǘƛƻƴ ǘƻ ǎŜŜ ǇǊŜŎƛǎŜƭȅ ǿƘƛŎƘ ŀǊŜ ǘƘŜ ǊŜǎƻƴŀƴǘ ǇŀǊǘƛŎƭŜǎ ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƭƛƴŜŀǊ ŘŀƳǇƛƴƎΦ Χ 
These particles rapidly become spread out in phase, so that they contribute little to the average; the initial 
ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ŦƻǊƎƻǘǘŜƴΦ Χ ¢ƘƻǎŜ ǇŀǊǘƛŎƭŜǎ Ƴŀȅ ƛƴŎƭǳŘŜ ōƻǘƘ ǘǊŀǇǇŜŘ ŀƴŘ ǳƴǘǊŀǇǇŜŘ ǇŀǊǘƛŎƭŜǎΦ ¢Ƙƛǎ ǇƘŜƴƻƳŜƴƻƴ 
ƛǎ ǳƴǊŜƭŀǘŜŘ ǘƻ ǇŀǊǘƛŎƭŜ ǘǊŀǇǇƛƴƎΦά 
 
(ChF) p. 260: Two paradoxes resolved 
αThe function which describes the relative contribution of various velocity groups to Landau damping is an even 
function of  Ὧό so that the particles going both faster than the wave and slower than the wave add to 
[ŀƴŘŀǳ ŘŀƳǇƛƴƎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ǎƭƻǇŜ ƻŦ ǘƘŜ ŎǳǊǾŜ ƻŦ ǘƘƛǎ ŦǳƴŎǘƛƻƴΣ Χ ƛǎ ŀƴ ƻŘŘ ŦǳƴŎǘƛƻƴ ƻŦ  Ὧό; and 
one would infer from this particles traveling faster than the wave give energy up to it, while those traveling 
slower than the wave takes energy from it. The two descriptions differ by an integration by parts. Both 

descriptions are correct; which one is the be chosen depends on whether one wishes to have Ὢὺ or Ὢ ὺ in 
the integrand (of the formula of the rate of change of the wave energy density function). 
 
A second paradox concerns the question of Galilean invariance. If we take the view that damping requires there 
be fewer particles traveling faster the wave than slower, there is no problem as long as one is in the frame in 
which the plasma is at rest. However, if one goes into another frame moving with velocity than ὠ, there would 
appear to be more particles faster than the wave than slower, and one would expect the wave to grow instead 

of decay. This paradox is removed by reinserting the second term , which we neglected. This term can make 

ộЎὡ Ớ ƴŜƎŀǘƛǾŜ Χ ŀƴŘ ǘƘŜ ǿŀǾŜ ŀǇǇŜŀǊǎ ǘƻ ƘŀǾŜ ƴŜƎŀǘƛǾŜ ŜƴŜǊƎȅ όǘƘŀǘ ƛǎΣ ǘƘŜǊŜ ƛǎ ƳƻǊŜ ŜƴŜǊƎȅ ƛƴ ǘƘŜ ǉǳƛŜǎŎŜƴǘΣ 
ŘǊƛŦǘƛƴƎ aŀȄǿŜƭƭƭƛŀƴ ŘƛǎǘǊƛōǳǘƛƻƴ ǘƘŀƴ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴ ƻǎŎƛƭƭŀǘƛƻƴύΦ ¢ƘŜ ǿŀǾŜ αƎǊƻǿǘƘάΣ ōǳǘ ŀŘŘƛƴƎ ŜƴŜǊƎȅ 
to  negative energy wave makes ist ampƭƛǘǳŘŜ ŘŜŎǊŜŀǎŜΦά 
 
(ChF) ǇΦ нсмΥ αWe have seen that Landau damping is directly connected to the requirement that Ὢὺ be 
initially uniform in space. On the other hand, one can generate undampted electron waves if Ὢὺȟὸ π is 
made to be constant along the particle trajectories initially. Those particled will neither gain nor lose energy, on 
the average, if the plasma is initially prepared to that the density is constant along each trajectory. Such a wave 
is called a BGK modŜ όLΦ .Φ .ŜǊƴǎǘŜƛƴΣ WΦ aΦ DǊŜŜƴΣ aΦ 5Φ YǊǳǎǘŀƭύΦά 
 

Microwave radiation pressure to plasma 
Ponderomotive force 

 
ό/ƘCύ ǇΦ олрΣ олтΥ α[ƛƎƘǘ ǿŀǾŜǎ ŜȄŜǊǘ ǊŀŘƛŀǘƛƻƴ ǇǊŜǎǎǳǊŜ ǿƘƛŎƘ ƛǎ ǳǎǳŀƭƭȅ ǾŜǊȅ ǿŜŀƪ ŀƴŘ ƘŀǊŘ ǘƻ ŘŜǘŜŎǘΦ Χ ²ƘŜƴ 
high-powered microwaves or laser beams are used to heat or confine plasmas the radiation pressure can reach 
several hundred thousand atmospheres! When applied to plasma, this force is coupled to the particles in a 
somewhat subtle way and is called the ponderomotive force. Many nonlinear phenomena have a simple 
explanation in terms of ǘƘŜ ǇƻƴŘŜǊƻƳƻǘƛǾŜ ŦƻǊŎŜΦά 

 
Nonlinear Landau damping or growth 
Potential due to ponderomotive force 

 
ό/ƘCύ ǇΦ онуΥ αWhen the amplitude of an electron or ion wave excited, say by a grid is followed in space, it is 
often found that the decay is not exponential, as predicted by linear theory, if the amplitude is large. Instead, 
one typically finds that the amplitute decays, grows again, and then oscillates before settling down to a steady 
ǾŀƭǳŜΦ Χ ŀƭǘƘƻǳƎƘ ƻǘƘŜǊ ŜŦŦŜŎǘǎ Ƴŀȅ ŀƭǎƻ ōŜ ƻǇŜǊŀǘƛǾŜΣ ǘƘŜǎŜ ƻǎŎƛƭƭŀǘƛƻƴǎ ƛƴ ŀƳǇƭƛǘǳǘŜǎ ŀǊŜ ŜȄŀŎǘƭȅ ǿƘŀǘ ǿƻǳƭŘ 
be expected from the nonlinear effect of particle trapping discussed in section 7.5. Trapping of velocity occurs 
when its energy in the wave frame is smaller than the wave potential. Small waves will trap only these particles 
moving at high speeds near ὺΦ Χ ²ƘŜƴ ǘƘŜ ǿŀǾŜ ƛǎ ƭŀǊƎŜΣ ƛǘǎ ƭƛƴŜŀǊ ōŜƘŀǾƛƻǊ Ŏŀƴ ōŜ ŜȄǎǇŜŎǘŜŘ ǘƻ ōŜ ƎǊŜŀǘƭȅ 

modified. .. There is a bounce frequency   of a sinusoidal potential well with corresponding potential and 
equation of motion, where the frequency is not constant unless x is small, and the potential is approximattely 
ǇŀǊŀōƻƭƛŎΦ  Χ ²ƘŜƴ ǘƘŜ ǊŜǎƻƴŀƴǘ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ǊŜŦƭŜŎǘŜŘ ōȅ ǘƘŜ ǇƻǘŜƴǘƛŀƭΣ ǘƘŜȅ Ǝive kinetic energy back to the 
wave, and the amplitude increases. When the particles bounce again from the other side, the energy goes back 
into the particles, and the wave is damped. Thus, one would expect oscillations in amplitutde at the frequence 
  ƛƴ ǘƘŜ ǿŀǾŜ ŦǊŀƳŜΦ  Χ ¢ƘŜ ŎƻƴŘƛǘƛƻƴ  turns out to define the breakdown of linear theory even when  
other processes besides particle trapping are responsible. Another typ of nonlinear Landau damping involves the 
beating of two waves. Suppose there are two high-frequency electron waves ȟὯ  and ȟὯ . These would 
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beat to form an amplitude envelope traveling at a velocity ὺ. This velocity may be low enough 

to lie within the ion distribution function. There can then be an energy exchange with the resonant inos. The 
potential the ions see is the effective potential due to the ponderomotive force, and Landau damping or growth 
can occur. Damping provides an effective way to heat ions with high-frequency waves, which do not ordinary 
interact with ions. If the ion distribution is double-humped, it can excite the electron waves, Such an instability is 
called a modulational instabiliǘȅΦά 

 
The Korteweg-de Vries and the Schrödinger equations  

of nonlinear plasma physics 
Ponderomotive force forming isolated structures  

called envelope solitary waves 
 
ό/ƘCύ ǇΦ оолΥ αThere are two nonlinear equations that have been treated extensively in connection with 
nonlinear plasma waves: The Korteweg-de Vries equation and the nonlinear Schrödinger equation. Each 
concerns a different type of nonlinearity. When an ion acoustic wave gains large amplitude, then main 
nonlinear effect is wave steeping, whose physical explnation was given in section 8.3.3. This effect arises from 
the ○Ͻ○ term in the ion equation of motion and is handled mathematically by the Korteweg-de Vries 
equation. The wave-train and the soliton solutions are also predicted by this equation. 
 
When an electron plasma wave goes nonlinear, the dominant new effect is that the ponderomotive force of the 
plasma waves causes the background plasma to move away, causing a local depression in density called a 
caviton. Plasma waves trapped in this cavity then form an isolated structure called an envelope soliton or 
envelope solitary wave. Such solutions are described by the nonlinear Schrödinger equation. Considering the 
difference in both the physical model and the mathematical form of the governing equations, it is surprising 
that solitons and envelope solitons have almost the same shape.ά 

 
The Korteweg-de Vries equation 

 
ό/ƘCύ ǇΦ оомΥ αThis equation occurs in many physical situations including that of a weakly nonlinear ion wave: 
 

Ὗ π  

 
where Ὗ is the amplitude, and † and ‚ are timelike and spacelike variables, respectively. Although several 
transformations of variables will be necessary before this form is obtained, two physical features can already be 
seen. The second term  is easily recognized as the convective term ○Ͻ○ leading to wave steepening. The third 
term arises from wave dispersion; that is, the Ὧ dependence of the phase velocity.ά 

 
The nonlinear Schrödinger equation 

 
(ChF) p. 336: αThis equation has the standard dimensionless form 
 

Ὥ ὴ ήȿȿ π  

 

where  is the wave amplitude, Ὥ ρ Ⱦ , and ὴ and ή are coefficients whose physical significance will be 
explained shortly. This equation differs from the usual Schrödinger equation 
 

ὭὬ ὠὼȟὸ π  

 
in that the potential ὠὼȟὸ depends on  itself, making plane waves of the non-linear Schrödinger equation in 
the form. Note however, that ὠ depends only on the magnitude and not on the phase of . This is to be 
expected, as far as electron plasma waves are concerned, because the nonlinearity comes from the 
ponderomotive force, which depends on the gradient of the wave intensity. 
 
Plane wave solutions of the (standard dimensionless) equation are modulationally unstable if ὴή π; that is, a 
ripple on the envelope of the wave will tend to grow. For plasma waves, it is easily to see how the 
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ponderomotive force can cause a modulational instability. The ponderomotive force moves both electrons and 
ions toward the intensity minima, forming a ripple in the plasma density. Plasma waves are trapped in regions 
of low density.ά  

 
 

Courant R. 
Empirical evidence and mathematical existence 

 
(HiS) p. 148: αEmpirical evidence can never establish mathematical existence ς ƴƻǊ Ŏŀƴ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎƛŀƴΩǎ 
demand for existence be dismissed by the physicist as useless rigor. Only a mathematical existence proof can 
ensure that the mathematical description of a physical phenomenon is meaningful.ά 
 
 

Davidson J. 
Das Geheimnis des Vakuums 

 
(DaJ1) p. 17: αObwohl die Energiedichte dieser Vakuum-Oszillationen immens hoch ist, entstehen grundlegende 
Schwierigkeiten, wenn man versucht, diese From der Energie in brauchbare Arbeit umzuwandeln. Es ist jedoch 
vorstellbar, daß die in den Quantenfluktuationen des Vakuums enthaltenen Energie eine gewisse Form von 
ƛƴǘŜǊŀƪǘƛǾŜƴ αwŀǳƳǇŀǊǘƛƪŜƭƴά ƘŜǊǾƻǊōǊƛƴƎǘΣ ŘƛŜ ŜƛƴŜ ƎŜƻǊŘƴŜǘŜΣ ŘȅƴŀƳƛǎŎƘŜ ±ŀƪǳǳƳǎǘǊǳƪǘǳǊ ŜǊȊŜǳƎŜƴΣ ǿŜƭŎƘŜ 
sowohl elektromagnetische als auch gravitative Aspekte enthalten und außerdem wesentlich mit der 
Entstehung, dem EǊƘŀƭǘ ǳƴŘ ŘŜǊ DŜǎǘŀƭǘǳƴƎ Ǿƻƴ ōƛƻƭƻƎƛǎŎƘŜƴ [ŜōŜƴǎŦƻǊƳŜƴ ǾŜǊƪƴǸǇŦǘ ǎƛƴŘάΦ 
 
 

5ŜŜΩǎ {ǘƻǊȅ 
 
ƪŜȅ ǿƻǊŘǎΥ ǎǘŜǇǎ ǘƻǿŀǊŘ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ϧ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ƛƴƛǘƛŀǘƛƻƴάΣ αǘǿƻ ƳƻǾŜƳŜƴǘǎ ƻŦ Ƴŀǎǎ ǘƻǿŀǊŘ 
ŀƎƎǊŜƎŀǘƛƻƴ όƎǊŀǾƛǘȅύ ŀƴŘ ǘƻǿŀǊŘ ŘƛǎǇŜǊǎƛƻƴ όǘƘŜǊƳƻŘȅƴŀƳƛŎǎύά (*).  
(*) ¢ƘƻǎŜ ǘǿƻ ƪƛƴŘǎ ƻŦ ƳƻǾŜƳŜƴǘǎ Ǉǳǘ ǘƘŜ ǎǇƻǘ ƻƴ ±ƛƪǘƻǊ {ŎƘŀǳōŜǊƎŜǊΨǎ ǘǿƻ ƪƛƴŘǎ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ŜƴŜǊƎƛŜǎ ƎƻǾŜǊƴƛƴƎ ŎŜƴǘǊƛŦǳƎŀƭ the (linear 
movements) and (the much stronger acting) centripetal forces 

 
(DeK) p. 3: α/ƻƴǎƛŘŜǊ ǘƘŜ .ƛƎ .ŀƴƎ ¢ƘŜƻǊȅΦ ! Ƴŀǎǎ ǘƘŜ ǎƛȊŜ ƻŦ ƻǳǊ ¦ƴƛǾŜǊǎŜ ŀǇǇŜŀǊŜŘ ƻǳǘ ƻŦ ƴƻǿƘŜǊŜΦ 9ǾŜƴ 
though it was the biggest black hole ever, it then exploded. Our universe is a real thing but the Big Bang Theory 
is a fairy tale.ά  
 
(DeK) p. 98: Steps toward thermodynamic/gravitational initiation 
αAs an universe matures, the movement of mass goes in two directions: toward aggregation and toward 
dispersion. These translate into gravity and thermodynamics, the two great opposites. Χ To make 
ǘƘŜǊƳƻŘȅƴŀƳƛŎǎ ǿƻǊƪΣ ǎǇŀŎŜ ōŜȅƻƴŘ ƎǊŀǾƛǘȅ Ƴǳǎǘ ōŜ ǇǊŜǎŜƴǘΦ ²ƛǘƘ ƎǊŀǾƛǘȅΩǎ Ŏƻƴǎǘŀƴǘ ŦƻǊŎŜΣ ǎǇŀŎŜ ŎǊŜŀǘƛƻƴ 
must also be a constant process. 
 
In view of the described shrinking at high speed with the appearance of increased space between, gravity, the 
great attractor, is also the great space creator. If gravity is, as the general relativity proposes, just a field in 
space, expansion and contraction are just the plus and the minus of the same thing. For the concentration of 
mass suitable to make the environment we know, both directions have no future unless there is a way to 
initialize or restart them at their primodial, more mixed arrangement. Χ The implosion theory of universe 
creation process is that initializer. Of course, there are provisional arrangements such as slower development 
(e.g. small stars), explosions and orbiting to stop failing. But current theory has no place for any long term 
thermodynamic/gravitational reset. 
 
Considering the character of the flow between gravity and thermodynamic tendency, nature seems to favor 
stepwise energy changes. Each of these steps is separated from the next by some conditional barrier and, often, 
a catalyst-like agent needed to make the change to the next step. In animals, for example, metabolic energy 
release from otherwise stable molecules is made in a stepwise fashion and is made possible by enzymes, 
catalyst-like agents. In stars, there are also stable steps separated by change periods that only occur under 
special circumstances.ά 
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όtŜwύ ǇΦ пппΥ αIn order to produce an universe resembling the one in which we live, the Creator would have to aim 
for an absurdly tiny volume of phase space of possible universes ς about ρȾρπ  of the entire volume, for the 
situation under considerationάΦ  
 
 

Deligne P. et. al. 
Quantum fields and strings 

A course for mathematicians 
 
(DeP) p. 551: "the behavior of a physical system depends on a scale (of energies, distances, momenta, etc.) at 
which the behavior is studied. Very generally speaking, the method of renormalization group is a method designed 
how to describe how the dynamics of some system changes when we change the scale (distance, energies) at 
ǿƘƛŎƘ ǿŜ ǇǊƻōŜ ƛǘΣΦ Χ tƘȅǎƛŎǎ ƛǎ ǎŎŀƭŜ ŘŜǇŜƴŘŜƴǘ (requiring only a mathematical metric space framework, which 
has no geometric structure at all), and at each scale, there are different degrees of freedom and different 
dynamics, i.e. ǇƘȅǎƛŎǎ ŀǘ ŀ ƭŀǊƎŜ ǎŎŀƭŜ ŘŜŎƻǳǇƭŜǎ ŦǊƻƳ ǘƘŜ ǇƘȅǎƛŎǎ ŀǘ ŀ ǎƳŀƭƭŜǊ ǎŎŀƭŜΦ Χ Lƴ ŎƭŀǎǎƛŎŀƭ ƳŜŎƘŀƴƛŎǎ ǘƘŜǊŜ 
are three scales of distance, time, and mass. In non-relativistic quantum theory there are two scales: the mass 
can be expressed through «time» and «distance» using the Planck constant) and classical relativity («time» can 
be expressed via «distance» using the speed of light). In relativistic quantum theory there is only the scale of 
distance (or equivalently ς the scale of (its inverse) momenta).ά  
 
(DeP) p. 1119 ff.: α¢ƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ǊŜǉǳƛǊŜŘ ŀǳȄƛƭƛŀǊȅ ǎŎŀƭŜǎΣ ŎǳǘƻŦŦǎΣ ŜǘŎΦ on the physics is encoded into the 
renormalization group equation. The "case" if there is no related (G-invariant) renormalization realisation 
(example ground state energy) is called "symmetry brŜŀƪ ŘƻǿƴΦ Χ  ¢ƘŜ ŦƛǊǎǘ ǉǳŀƴǘƛȊŀǘƛƻƴ was about Einstein's 
discrete energy parcels, the photons, the second quantization was about Dirac's electron spin 1/2 model.ά 
 
 

Derbyshire J. 
The Montgomery-Odlyzko law 

 
(DeJ): p. 280 ff.: α¢ƘŜ ŜƛƎŜƴǾŀƭǳŜǎ όƻŦ Dŀǳǎǎƛŀƴ-ǊŀƴŘƻƳ IŜǊƳƛǘƛŀƴ ƳŀǘǊƛŎŜǎύΧ ŀǊŜ ǎǘǊǳƎƎƭƛƴƎ ǘƻ ƪŜŜǇ ǘƘŜƛǊ 
ŘƛǎǘŀƴŎŜ ŦǊƻƳ ŜŀŎƘ ƻǘƘŜǊΦ Χ ¢ƘŜ ǎǘŀǘƛǎǘƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǎǇŀŎƛƴƎǎ ōŜǘǿŜŜƴ ƭƻƴƎ ƴƻƴ-uniform string of numbers 
ŀǊŜ ŜƴŎŀǇǎǳƭŀǘŜŘ ƛƴ ŀ ŎǊŜŀǘǳǊŜ ŎŀƭƭŜŘ αǇŀƛǊ ŎƻǊǊŜƭŀǘƛƻƴǎ ŦǳƴŎǘƛƻƴά ŀƴŘ ŀ ŎŜǊǘŀƛƴ Ǌŀǘƛƻ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘƛǎ 
ŦǳƴŎǘƛƻƴ ƛǎ ŎŀƭƭŜŘ ƛǘǎ αŦƻǊƳ ŦŀŎǘƻǊάΦ  Χ ¢ƘŜ ŦƻǊƳ ŦŀŎǘƻǊ ŦƻǊ ǘƘŜ ǇŀƛǊ ŎƻǊǊŜƭŀǘƛƻƴ ƻŦ ǊŀƴŘƻƳ IŜǊƳƛǘƛŀƴ ƳŀǘǊƛŎŜǎ ƛǎ 
the conjectured distribution function for the differences between the non-ǘǊƛǾƛŀƭ ȊŜǊƻǎ ƻŦ wƛŜƳŀƴƴΩǎ ȊŜǘŀ 
ŦǳƴŎǘƛƻƴΦ Χά  
 
(DeJ): p. 285 ff.: α¢ƘŜ ŦƻƭƭƻǿƛƴƎ Ǉƻƛƴǘǎ ƭƻƻƪ ǇǊŜǘǘȅ ǇƭŀǳǎƛōƭŜ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǊŜƭŀǘŜŘ ŎƻƳǇŀǊƛƴƎ ŦƛƎǳǊŜǎ ƻŦ αǘƘŜ 
eigenvalues of a 269-by-269-random matrix.ά  
 

(DeJ): p. 289: α¢ƘŜ ŦƛǊǎǘ нсф ǾŀƭǳŜǎ ƻŦ ὸ, where Ὥὸ, is a non trivial zero of the zeta function.ά  

 
(DeJ): p. 292: "The distribution of the spacings between successive non-trivial zeros of the Riemann zeta 
function (suitable normalized) is statistically identical with the distribution of eigenvalue spacing in a Gaussian 
Unitary Ensemble (i.e. a collection of Gaussian unitary operators that share some common statistical 
properties)."  
 
(DeJ) p. 295: α²Ƙŀǘ ƻƴ ŜŀǊǘƘ ŘƻŜǎ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǇǊƛƳŜ ƴǳƳōŜǊǎ ƘŀǾŜ ǘƻ Řƻ ǿƛǘƘ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ǎǳōŀǘƻƳƛŎ 
ǇŀǊǘƛŎƭŜǎΚά  
 
 

Descartes R.  
Abhandlungen über die Methode, richtig zu denken und Wahrheit in den Wissenschaften zu suchen 

 
(DeR1) S. 5: αMeine Absicht ist also hier nicht, die Methode zu lehren, die Jeder zur richtigen Leitung seines 
Verstandes zu befolgen habe, sondern ich will nur zeigen, wie ich den meinigen zu leiten gestrebt habe. Wer 
Lehren geben will, muss sich für klüger halten als die, an welche er sich richtet, und bei dem geringsten 
Versehen trifft ihn der Tadel. Ich biete daher diese Schrift nur als eine Erzählung oder, wenn man lieber will, als 
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eine Fabel dar, wo neben nachahmenswerten Beispielen sich vielleicht auch manche finden, denen man mit 
Recht nicht folgen mag. So hoffe ich, dass sie Manchem nützen und Niemanden schaden werden, und dass Alle 
ƳƛǊ ŦǸǊ ƳŜƛƴŜ hŦŦŜƴƘŜƛǘ 5ŀƴƪ ǿƛǎǎŜƴ ǿŜǊŘŜƴΦά  
 
(DeR2) iii: αMy present design, then, is not to teach the method which each ought to follow for the right conduct 
of his reason, but solely to describe the way in which I have endeavored to conduct my own. They who set 
themselves to give precepts must of course regard themselves as possessed of greater skill than those to whom 
they prescribe; and if they are in the slightest particular, they subject themselves to censure. But as this tract is 
put forth merely as a history, or, if you will, as a tale, in which, amid some examples worthy of imitation, there 
will be found, perhaps, as many more which it were advisable not to follow, I hope it will prove useful to some 
ǿƛǘƘƻǳǘ ōŜƛƴƎ ƘǳǊǘŦǳƭ ǘƻ ŀƴȅΣ ŀƴŘ ǘƘŀǘ Ƴȅ ƻǇŜƴŜǎǎ ǿƛƭƭ ŦƛƴŘ ǎƻƳŜ ŦŀǾƻǊ ǿƛǘƘ ŀƭƭΦά 

 
 

Dirac P. A. M. 
Classical Theory of Radiation 

 
ό5ƛtмύ αOne of the most attractive ideas in the Lorentz model of the electron, the idea that all mass is of 
electromagnetic origin, appears at the present time to be wrong, for two separate reasons. First, the discovery 
of the neutron has provided us with a form of mass which it is very hard to believe could be of electromagnetic 
nature. Secondly, we have the theory of the positron a theory in agreement with experiment so far it is known ς 
in which positive and negative values for the mass of an electron play symmetrical roles. This cannot be fitted in 
ǿƘƛŎƘ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ƛŘŜŀ ƻŦ ƳŀǎǎΣ ǿƘƛŎƘ ƛƴǎƛǎǘǎ ƻƴ ŀƭƭ Ƴŀǎǎ ōŜƛƴƎ ǇƻǎƛǘƛǾŜΣ ŜǾŜƴ ƛƴ ŀōǎǘǊŀŎǘ ǘƘŜƻǊȅΦ Χ ²Ŝ 
ŀǊŜ ŦŀŎŜŘ ǿƛǘƘ ǘƘŜ ŘƛŦŦƛŎǳƭǘȅ ǘƘŀǘΣ ƛŦ ǿŜ ŀŎŎŜǇǘ aŀȄǿŜƭƭΩǎ ǘƘŜƻǊȅΣ ǘƘŜ ŦƛŜƭŘ ƛƴ ǘƘŜ ƛƳƳŜŘƛŀǘŜ ƴŜƛƎƘōƻǊƘƻƻŘ ƻŦ ǘƘŜ 
electron has an infinite mass.ά 
 

A new basis for cosmology 
 
(DiP2): α¢ƘŜ ƳƻŘŜǊƴ ǎǘǳŘȅ ƻŦ ŎƻǎƳƻƭƻƎȅ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ IǳōōƭŜΩǎ ƻōǎŜǊǾŀǘƛƻƴǎ ƻŦ ŀ ǎƘƛŦǘ ǘƻ ǘƘŜ ǊŜŘ ƛƴ ǘƘŜ 
spectra of the spiral nebulaeτthe farthest parts of the universeτindicating that they are receding from us with 
velocities proportional to their distances from us. These observations show us, in the first place, that all the 
matter in a particular part of space has the same velocity (to a certain degree of accuracy) and suggest a model 
of the universe in which there is a natural velocity for the matter at any point, varying continuously from one 
point to a neighbouring point. Referred to a four-dimensional space-time picture, this natural velocity provides 
us with a preferred time-axis at each point, namely, the time-axis with respect to which the matter in the 
neighbourhood of the point is at rest. By measuring along this preferred time-axis we get an absolute measure 
of time, called the epoch.  ΧΦ Such ideas of a preferred time-axis and absolute time depart very much from the 
principles of both special and general relativity and lead one to expect that relativity will play only a subsidiary 
role in the subject of cosmology. This first point of view, which differs markedly from that of the early workers in 
this field, has been much emphasized recently by Milne. 
 
To get this ό5ƛǊŀŎΨǎ ǇǊƛƴŎƛǇƭŜ ƻŦ bŀǘǳǊŜύ principle in its most general form we should not make the assumption, 
which we made at the beginning of this section, that the velocity of recession of each spiral nebula is roughly 
constant. Without this assumption we can still talk about the epoch of an event, but we have no natural zero 
from which to measure it, so that only the difference of two epochs can enter into laws of nature. We must now 
ǳǎŜ IǳōōƭŜΩǎ ŎƻƴǎǘŀƴǘΣ ƴŀƳŜƭȅΣ ǘƘŜ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ǇǊƻǇƻǊǘƛƻƴŀƭƛǘȅ ōŜtween the red-shift and the distance, as one 
of the quantities from w hich very large dimensionless numbers are to be constructed (to replace our previous 
use of the present epoch as one of these numbers) and express our principle in the form:  
 
Any two of the very large dimensionless numbers occurring in Nature are connected by a simple mathematical 
relation, in which the coefficients are of the order of magnitude unity.  
 
If we can deduce from elementary considerations that some of these very large numbers vary with the epoch (as 
we shall find in the next section is the case), then they must all do so to preserve the mathematical relations 
between them.ά 
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Dürr H.-P. 
Geist, Kosmos und Physik 

 
ό5ǸIмύΣ {Φ мннΥ αDie Biologen und Hirnforscher sind immer noch an die Vorstellungen der alten Physik 
gebunden, die versuchen, auch das Lebendige auf die reduzierbare materiell-energetische Realität 
zurückzuführen. Sie halten das was von der Quantenphysik aufgedeckte urlebendige Dazwischen-
Beziehungsgefüge für irrelevant wegen des vermutlich unvermeidbaren Ausmittelungseffekts für die Billionen 
mal größeren Lebensformen und interessieren sich, gleichnishaft gemeint, wieterhin nur für die messbare 
Hardware.ά  
 
ό5ǸIύ {Φ ппнΥ αIn der Quantentheorie ist dabei zu beachten, daß Translation und Rotation nicht miteinander 
vertauschbar sind. Man kann daher den Drehimpuls eines Systems um eine Achse nur dann durch eine 
Quantenzahl charakterisieren, wenn der Translationsimpuls des Systems senkrecht zu dieser Ache entweder 
verschwindet oder unbekannt istΦά 
 
(DüH) S. 446: α²Ŝƴƴ Ŝǎ ǎƛŎƘ ŀƭǎ ǳƴƳǀƎƭƛŎƘ ŜǊǿŜƛǎǘΣ ŜƛƴŜƴ Ǿƻƭƭ ǎȅƳƳŜǘǊƛǎŎƘŜƴ ½ǳǎǘŀƴŘ α±ŀƪǳǳƳϦ Ȋǳ 
konstruieren, so kann dies anschaulich wohl nur so gedeutet werden, daß es sich bei dem unsymmetrischen 
DǊǳƴŘȊǳǎǘŀƴŘ ƴƛŎƘǘ ŜƛƎŜƴǘƭƛŎƘ ǳƳ Ŝƛƴ ±ŀƪǳǳƳΣ ǎƻƴŘŜǊƴ ǳƳ ŜƛƴŜƴ ½ǳǎǘŀƴŘ αWelt" handelt, der die Grundlage für 
die Existenz der Elementarteilchen bildet. Dieser Zustand muß dann entartet sein; er kann z. B. einen sehr hohen 
Isospin besitzen. Wenn man τ gewissermaßen als Idealisierung des realen Zustandes der Welt τ die 
Translationseigenschaften des Vakuums beibehalten will, so muß er sogar unendlich hoch entartet sein.ά 
 
(DüH) S. 446: αDer Symmetrieverlust wäre in der vorliegenden Theorie also ähnlich zu deuten wie das Auftreten 
einer Zentrifugalkraft in der allgemeinen Relativitätstheorie, das ja auch einen Symmetrieverlust anzeigt. Die 
Zentrifugalkraft kann dort nur als Folge der unendlich fernen Massen im Weltall angesehen werden, obwohl 
diese Massen in der mathematischen Formulierung schließlich nur als eine Art Randbedingung im Unendlichen 
erscheinen, die eben die Zentrifugalkraft indirekt hervorruft.ά 
 
(DüH) S. 446: αDer Grundzustand hätte in der vorliegenden Theorie also einen praktisch unendlich großen 
Isospin (die Welt enthält neben Protonen und Elektronen beliebig viele Neutronen!) und es würde verständlich, 
daß die Zustände Neutron und Proton eine etwas verschiedene Masse erhalten. Sie wären gewissermaßen die 
ōŜƛŘŜƴ 5ǳōƭŜǘǘƪƻƳǇƻƴŜƴǘŜƴ ŜƛƴŜǎ ½ǳǎǘŀƴŘŜǎ αbǳƪƭŜƻƴ Ҍ ²ŜƭǘϦΣ ōŜƛ ŘŜƳ ǎƛŎƘ ŘŜǊ ƘƛƴȊǳƪƻƳƳŜƴŘŜ LǎƻǎǇƛƴ 
ǇŀǊŀƭƭŜƭ ƻŘŜǊ ŀƴǘƛǇŀǊŀƭƭŜƭ Ȋǳ ŘŜƳ ŘŜǊ α²ŜƭǘϦ ǎǘŜƭƭŜƴ ƪŀƴƴΣ ǳƴŘ ŘŜǊ ŀƭǎ DŀƴȊŜǎ ǿƛŜŘŜǊ ŜƛƴŜƴ ōŜƭƛebig hohen 
Isospin trüge.ά 

 
 

Eco U. 
Die Geschichte der Schönheit 

 
(EcU) p. 62, Die Zahl und die Musik: αWir beurteilen etwas als schön, wenn es wohl proportioniert ist. Das ist 
insofern verständlich, als Schönheit seit der Antike mit der Proportion identifiziert wird ς auch wenn daran zu 
erinnern ist, daß die in der griechischen und lateinischen Welt übliche Definition von Schönheit neben den 
Proportionen immer auch die angenehme Wirkung der Farbe (und des Lichts) enthielt.  
 
Als in Griechenland die sogenannten Vorsokratiker ς wie Thales, Anaximander und Aniximenes ς um die Wende 
des 7. zum 6. Jahrhundert über das Wesen des Ursprungs aller Dinge zu diskutieren begannen, wollten sie die 
Welt als ein Ganzes definieren, das durch ein einziges Gesetz geordnet und regiert wird. Das bedeutet auch, die 
Welt als eine Form zu denken, und die Griechen erkennen deutlich die Identität von Form und Schönheit. Explizit 
wird dies allerdings erst ab dem 6. Jahrhundert v. Chr. bei Pythagoras und seiner Schule durch die Verknüpfung 
von Kosmologie, Mathematik, Naturwissenschaften und Ästethik. Pythagoras (der wahrscheinlich die 
mathematischen Überlegungen der Ägypter kennengelernt hatte) stellte als erster die Behauptung auf, daß die 
Zahl das Grundprinzip aller Dinge sein. Die Pythagoräer empfinden eine Art heiligen Schauer vor dem 
Unendlichen und allem, was nicht in Grenzen gehalten werden kann, und deshalb versuchen sie in der Zahl das 
Gesetz zu finden, um die Wirklichkeit zu begrenzen, ihr Ordnung und Verständlichkeit zu geben. Mit Pythagoras 
entsteht eine ästhetische mathematische Sicht des Universums: Alle Dinge existieren, weil sich in ihnen 
ƳŀǘƘŜƳŀǘƛǎŎƘŜ wŜƎŜƭƴ ǊŜŀƭƛǎƛŜǊŜƴΣ ŘƛŜ ȊǳƎƭŜƛŎƘ .ŜŘƛƴƎǳƴƎŜƴ ŦǸǊ ŘƛŜ 9ȄƛǎǘŜƴȊ Ǿƻƴ {ŎƘǀƴƘŜƛǘ ǎƛƴŘΦά 
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Kant und das Schnabeltier 
 

(EcU1) S. 86: αRorty, (RoR), (RoR1), hat überzeugend dargelegt, daß Kant nicht am knowlede of interessiert war, 
sondern am knowledge that; anders ausgedrückt, nicht an den Bedingungen des Erkennes (und damit des 
Benennens) der Objekte, sondern eher an der Möglichkeit, die Wahrheit unserer Sätze über Objekte zu 
ōŜƎǊǸƴŘŜƴΦ {ƻ Řŀǖ ƳŀƴΣ ǿƛƭƭ Ƴŀƴ ŀƭǎ α9ǊƪŜƴƴǘƴƛǎά Řŀǎ knowledge of bezeichnen und als Wissen das knowledge 
that, durchaus sagen könnte, das Problem der Erkenntnis habe ihn nicht interessiert. Ihm ging es vor allem 
darum, inwiefern eine reine Mathematik und eine reine Physik möglich seien, bzw. wie man aus der 
Mathematik und der Physik zwei theoretische Erkenntnisbereiche machen könne, die ihre Gegenstände a priori 
bestimmen müssen. Der Kern der ersten Kritik ist die Suche nach der Garantie für eine Gesetzgebung des 
Verstandes in bezug auf jene Sätze, die ihre Vorbilder in Newtons Gesetzen haben ς und die man zuweilen in 
Sätzen exemplifiziert, die verständlicher und ehrwürdiger sind, wie etwa: Alle Körper sind schwer. Kant möchte 
die Erkenntnis jener Gesetze garantieren, die der Natur als dem Inbegriff der Gegenstände der Erfahrung 
zugrunde liegen; daß diese Gegenstände der Erfahrung auch die sind, mit deren Erkennen die Empiristen sich 
herumschlugen, also Hunde, Pferde, Steine, Bäume, hat Kant nie bezweifelt; indes scheint er (zumindest seit der 
Kritik der Urteilskraft) außerordentlich desinteressiert zu sein an der Klärung der Frage, wie jene Gegenstände, 
die man heute als natural kinds, als natürliche Typen, bezeichnet, wie Kamel, Buche und Käfer. Husserl, ein am 
knowledge of interessierter Philosoph, stellte dies mit deutlicher Enttäuschung fest (HuE1) VI, §66; doch wird 
diese Enttäuschung zur Genugtuung für Denker, die der Ansicht sind, das Problem der Erkenntnis (oder des 
Wissens) lasse sich nur innerhalb der Sprache, also in Hinsicht auf KoƘŅǊŜƴȊ ȊǿƛǎŎƘŜƴ {ŅǘȊŜƴ ƭǀǎŜƴΦά 
 

 
Ehrenhaft F. 

Photophoresis 
 
(EhF): αtŀǊǘƛŎƭŜǎ ƻŦ ƳŀǘǘŜǊ ƛǊǊŀŘƛŀǘŜŘ ōȅ ƭƛƎƘǘ ōŜǘǿŜŜƴ ŜƭŜŎǘǊƻŘŜǎ ōŜƘŀǾŜ ŀǎ ƛŦ ǘƘŜȅ ŎŀǊǊȅ ǇƻǎƛǘƛǾŜ ƻǊ ƴŜƎŀǘƛǾŜ 
electric charges. Therefore we can say that through the action of the light uncharged particles obtain unipolar 
charges, either negative or positive.ά  
 
It is unlikely, that all those movement phenomena in light with or without the action of a field can be explained 
ǿƛǘƘ ǘƘŜ ƘŜƭŦ ƻŦ ǘƻŘŀȅΩǎ ƘȅǇƻǘƘŜǎƛǎΤ ǿŜ Ƴŀȅ ōŜ ŦƻǊŎŜŘ ǘƻ ǊŜŀŎƘ ŦƻǊ ǎƻƳŜǘƘƛƴƎ ƴŜǿΣ (*). 
(*) Acta Physicia Austriaca, Band 4, 1950 and Band 5, 1951 
 

(AlO) p. 222: α/ƻƳǇƭŜǘŜƭȅ ƴŜǿ ŀƴŘ ŀƳŀȊƛƴƎ ƛǎ ǘƘŜ ŦŀŎǘΣ ǘƘŀǘ ǘƘŜ ƳƻǾŜƳŜƴǘǎ ƻŦ ǘƘŜ ǇŀǊǘƛŎƭŜǎ ƛƴ ǘƘŜ ŦƛŜƭŘ Řƻ ƴƻǘ run 
in straight lines, but run in paths in extremly regular forms, sizes and orbital frequencies.ά 
bƻǘŜΥ ǘƘƛǎ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ ±Φ {ŎƘŀǳōŜǊƎŜǊΩǎ ƛƳǇƭƻǎƛƻƴ (cycloidal) movement in the context of the movements of planets/stars, and (sub-) atomic 
particles 

 
It was also interesting too, that a centripetal force occured, which acted on the particles 130 times stronger than 
the gravity force. !ƳƻƴƎ ƻǘƘŜǊ ǘƘƛƴƎǎΣ 9ƘǊŜƴƘŀŦǘΩǎ ŎƻƳƳŜƴǘ ƻƴ ǘƘƛǎ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ  
α9ǎ ƛǎǘ ǳƴǿŀƘǊǎŎƘŜƛƴƭƛŎƘΣ Řŀǖ ŀƭƭŜ ŘƛŜǎŜ .ŜǿŜƎǳƴƎǎǇƘŜƴƻƳŜƴŜ ƛƳ [ƛŎƘǘ Ƴƛǘ ƻŘŜǊ ƻƘƴŜ 9ƛƴǿƛǊƪǳƴƎ ŜƛƴŜǎ CŜƭŘŜǎ 
erklärt werden können mit Hilfe heutiger Hypothesen; wir werden vielleicht gezwungen, nach Neuem zu greifen.ά 
 
(AlO) p. 223: W. Schauberger hat diesen Versuch so gedeutet: 
 
αJedes Energieteilchen in Bewegung erzeugt ein Feld ς einen Energieraum -, der von der Bewegung abhängig ist, 
und je dichter dieses Feld ist, desto mehr wirkt es auf die Umgebung ein, sodaß auch Teilchen mit größerer Masse 
als die felderzeugenden Teilchen in dieses Feld hineingezogen werden. Diese Teilchen aus Silver, Nickel oder Kohle 
müssen im Verhältnis zu den Lichtphotonen wie riesige Felsblöcke gewesen sein. Dennoch wurden sie in den 
Wirbeltanz der Photone hineingezogen. Wir müssen also lernen, Medien, die zur Verfügung stehen, in so eine 
.ŜǿŜƎǳƴƎ Ȋǳ ōǊƛƴƎŜƴΣ ǿƛŜ ǎƛŜ 9ƭŜƪǘǊƻƴŜƴ ǳƴŘ tƘƻǘƻƴŜƴ ŀƴȊǳǿŜƴŘŜƴ ǇŦƭŜƎŜƴΦ Χ Řŀƴƴ ƪǀƴƴŜƴ ǿƛǊ ŀǳŎƘ Ƴƛǘ ŜƛƴŜƳ 
ǊŜƭŀǘƛǾ ƪƭŜƛƴŜƴ 9ƴŜǊƎƛŜŜƛƴǎŀǘȊ α.ŜǊƎŜ ǾŜǊǎŜǘȊŜƴ.ά 
 
Kurz gesagt, Ehrenhafts Versuche deuten darauf hin, daß das Grundelement der Natur sich mittels 
Schraubenbewegung bewegt und, wie V. Schauberger meinte, daß die Technik diese kopieren sollte.ά 
 
(EhF) p. 243: αLƴ ƻǊŘŜǊ ǘƻ ŜȄǇƭŀƛƴ ǘƘŜ ǇƘŜƴƻƳŜƴŀ ƻŦ ǇƘƻǘƻǇƘƻǊŜǎƛǎ ƻƴŜ ŎƻƴŎƭǳǎƛƻƴ ƛǎ ŘǊŀǿƴ ŦǊƻƳ ǘƘŜ ƳƻǾŜƳŜƴǘ 
of illuminated particles in the homogeneous electric and magnetic fields. The light induces electric and magnetic 
charges (poles) upon the particles if they are illuminated by concentrated light preponderantly shorter wave 
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ƭŜƴƎǘƘǎΦ ΧΦ CƻǊ ǘƘŜ ƳŀƎƴŜǘƛŎ ŎƘŀǊƎŜǎ ǘƘƛǎ ŎƻƴŎƭǳǎƛƻƴ ƛǎ ƴŜǿΣ ōǳǘ ƛǎ ƧǳǎǘƛŦƛŜŘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŎƻƳǇƭŜǘŜ ŀƴŀƭƻƎȅ ƻŦ 
this phenomenon with the electric phenomenon.ά 
 
(EhF1): αΧΦ ƭƛƎƘǘ ōŜŀƳǎ Ƴǳǎǘ ƘŀǾŜ ŜƭŜŎǘǊƛŎ ǎǘŀǘƛƻƴŀǊȅ ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ ǿŀǾŜ ŦǊƻƴǘ ƴƻǊƳŀƭΣ ŀƴŘ 
that consequently there must be stationary electric potential differences between different points along the 
beam; and that there must be also a stationary magnetic field in the beam of light with potential differences. 
Hence, the light beam must have a magnetizing effect, and the charge of a magnet should be changed by light.ά 

 
 

Einstein A. 
Mein Weltbild, (EiA) 

The World as I See it, (EiA1) 
Lichtgeschwindigkeit und die Statik des Gravitationsfeldes, (EiA2) 

 
(EiA1) p. 19: Religion and Science 
αEverything that the human race has done and thought is concerned with the satisfaction of felt needs and the 
assuagement of pain. One has to keep this constantly in mind if one wishes to understand spiritual movements 
and their development. Feeling and desire are the motive forces behind all human endeavour and human 
creation, in however exalted a guise the latter may present itself to us. Now what are the feelings and needs 
that have led men to religious thought and belief in the widest sense of the words? A little consideration will 
suffice to show us that the most varying emotions preside over the birth of religious thought and experience. 
With primitive man it is above all fear that evokes religious notions--fear of hunger, wild beasts, sickness, death. 
Since at this stage of existence understanding of causal connexions is usually poorly developed, the human mind 
creates for itself more or less analogous beings on whose wills and actions these fearful happenings depend. 
One's object now is to secure the favour of these beings by carrying out actions and offering sacrifices which, 
according to the tradition handed down from generation to generation, propitiate them or make them well 
disposed towards a mortal. I am speaking now of the religion of fear. This, though not created, is in an 
important degree stabilized by the formation of a special priestly caste which sets up as a mediator between the 
people and the beings they fear, and erects a hegemony on this basis. In many cases the leader or ruler whose 
position depends on other factors, or a privileged class, combines priestly functions with its secular authority in 
order to make the latter more secure; or the political rulers and the priestly caste make common cause in their 
own interests. 
 
The social feelings are another source of the crystallization of religion. Fathers and mothers and the leaders of 
larger human communities are mortal and fallible. The desire for guidance, love, and support prompts men to 
form the social or moral conception of God. This is the God of Providence who protects, disposes, rewards, and 
punishes, the God who, according to the width of the believer's outlook, loves and cherishes the life of the tribe 
or of the human race, or even life as such, the comforter in sorrow and unsatisfied longing, who preserves the 
souls of the dead. This is the social or moral conception of God. 
 
The Jewish scriptures admirably illustrate the development from the religion of fear to moral religion, which is 
continued in the New Testament. The religions of all civilized peoples, especially the peoples of the Orient, are 
primarily moral religions. The development from a religion of fear to moral religion is a great step in a nation's 
life. That primitive religions are based entirely on fear and the religions of civilized peoples purely on morality is 
a prejudice against which we must be on our guard. The truth is that they are all intermediate types, with this 
reservation, that on the higher levels of social life the religion of morality predominates. 
 
Common to all these types is the anthropomorphic character of their conception of God. Only individuals of 
exceptional endowments and exceptionally high-minded communities, as a general rule, get in any real sense 
beyond this level. But there is a third state of religious experience which belongs to all of them, even though it is 
rarely found in a pure form, and which I will call cosmic religious feeling. It is very difficult to explain this feeling 
to anyone who is entirely without it, especially as there is no anthropomorphic conception of God corresponding 
to it. 
 
The individual feels the nothingness of human desires and aims and the sublimity and marvellous order which 
reveal themselves both in nature and in the world of thought. He looks upon individual existence as a sort of 
prison and wants to experience the universe as a single significant whole. The beginnings of cosmic religious 
feeling already appear in earlier stages of development--e.g., in many of the Psalms of David and in some of the 
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Prophets. Buddhism, as we have learnt from the wonderful writings of Schopenhauer especially, contains a 
much stronger element of it. 
 
The religious geniuses of all ages have been distinguished by this kind of religious feeling, which knows no 
dogma and no God conceived in man's image; so that there can be no Church whose central teachings are 
based on it. Hence it is precisely among the heretics of every age that we find men who were filled with the 
highest kind of religious feeling and were in many cases regarded by their contemporaries as Atheists, 
sometimes also as saints. Looked at in this light, men like Democritus, Francis of Assisi, and Spinoza are closely 
akin to one another. 
 
How can cosmic religious feeling be communicated from one person to another, if it can give rise to no definite 
notion of a God and no theology? In my view, it is the most important function of art and science to awaken this 
feeling and keep it alive in those who are capable of it. 
 
We thus arrive at a conception of the relation of science to religion very different from the usual one. When one 
views the matter historically one is inclined to look upon science and religion as irreconcilable antagonists, and 
for a very obvious reason. The man who is thoroughly convinced of the universal operation of the law of 
causation cannot for a moment entertain the idea of a being who interferes in the course of events--that is, if he 
takes the hypothesis of causality really seriously. He has no use for the religion of fear and equally little for 
social or moral religion. A God who rewards and punishes is inconceivable to him for the simple reason that a 
man's actions are determined by necessity, external and internal, so that in God's eyes he cannot be 
responsible, any more than an inanimate object is responsible for the motions it goes through. Hence science 
has been charged with undermining morality, but the charge is unjust. A man's ethical behavior should be based 
effectually on sympathy, education, and social ties; no religious basis is necessary. Man would indeed be in a 
poor way if he had to be restrained by fear and punishment and hope of reward after death. 
 
It is therefore easy to see why the Churches have always fought science and persecuted its devotees. On the other 
hand, I maintain that cosmic religious feeling is the strongest and noblest incitement to scientific research. Only 
those who realize the immense efforts and, above all, the devotion which pioneer work in theoretical science 
demands, can grasp the strength of the emotion out of which alone such work, remote as it is from the immediate 
realities of life, can issue. What a deep conviction of the rationality of the universe and what a yearning to 
understand, were it but a feeble reflection of the mind revealed in this world, Kepler and Newton must have had 
to enable them to spend years of solitary labour in disentangling the principles of celestial mechanics! Those 
whose acquaintance with scientific research is derived chiefly from its practical results easily develop a completely 
false notion of the mentality of the men who, surrounded by a sceptical world, have shown the way to those like-
minded with themselves, scattered through the earth and the centuries. Only one who has devoted his life to 
similar ends can have a vivid realization of what has inspired these men and given them the strength to remain 
true to their purpose in spite of countless failures. It is cosmic religious feeling that gives a man strength of this 
sort. A contemporary has said, not unjustly, that in this materialistic age of ours the serious scientific workers are 
ǘƘŜ ƻƴƭȅ ǇǊƻŦƻǳƴŘƭȅ ǊŜƭƛƎƛƻǳǎ ǇŜƻǇƭŜΦά 
 
(UnA) p. 217Υ αLƴ ŀ ǊŜŀǎƻƴŀōƭŜ ǘƘŜƻǊȅ ǘƘŜǊŜ ŀǊŜ ƴƻ ƴǳƳōŜǊǎ ǿƘƛŎƘ Ŏŀƴ ōŜ ƻƴƭȅ ŘŜǘŜǊƳƛƴŜŘ ŜƳǇƛǊƛŎŀƭƭȅά  
 
(EiA) S.130: "Nach unserer bisherigen Erfahrung sind wir nämlich zum Vertrauen berechtigt, daß die Natur die 
Realisierung des mathematisch denkbar Einfachsten ist. Durch rein mathematische Konstruktion vermögen wir 
nach meiner Überzeugung diejenigen Begriffe und diejenige gesetzliche Verknüpfung zwischen ihnen zu finden, 
die den Schlüssel für das Verstehen der Naturerscheinungen liefern. Die brauchbaren mathematischen Begriffe 
können durch Erfahrung wohl nahegelegt, aber keinesfalls aus ihr abgeleitet werden. Erfahrung bleibt natürlich 
das einzige Kriterium der Brauchbarkeit einer mathematischen Konstruktion für die Physik. Das eigentlich 
schöpferische Prinzip liegt aber in der Mathematik. In einem gewissen Sinn halte ich es also für wahr, daß dem 
reinen DenƪŜƴ Řŀǎ 9ǊŦŀǎǎŜƴ ŘŜǎ ²ƛǊƪƭƛŎƘŜƴ ƳǀƎƭƛŎƘ ǎŜƛΣ ǿƛŜ Ŝǎ ŘƛŜ !ƭǘŜƴ ƎŜǘǊŅǳƳǘ ƘŀōŜƴά 
 
(EiA) S.131 αΦΦΦ Řŀǖ ŀƭƭ ŘƛŜǎŜ .ƛƭŘǳƴƎŜƴ ǳƴŘ ŘŜǊŜƴ ƎŜǎŜǘȊƭƛŎƘŜ ±ŜǊƪƴǸǇŦǳƴƎŜƴ ǎƛŎƘ ƴŀŎƘ ŘŜƳ tǊƛƴȊƛǇ ŘŜǎ 
!ǳŦǎǳŎƘŜƴǎ ŘŜǊ ƳŀǘƘŜƳŀǘƛǎŎƘ ŜƛƴŦŀŎƘǎǘŜƴ .ŜƎǊƛŦŦŜ ǳƴŘ ŘŜǊŜƴ ±ŜǊƪƴǸǇŦǳƴƎŜƴ ƎŜǿƛƴƴŜƴ ƭŀǎǎŜƴά 
  
(EiA2) S. 368 α5ŀƳƛǘ ƛǎǘ ŀƭǎƻ ŜǊǿƛŜǎŜƴΣ Řŀǖ Ƴŀƴ ŀǳŎƘ ŦǸǊ ǳƴŜƴŘƭƛŎƘ ƪƭŜƛƴŜ wŀǳƳ-Zeitgebiete nicht an der 
Lorentztransformation festhalten kann, sobald man ŘƛŜ ǳƴƛǾŜǊǎŜƭƭŜ YƻƴǎǘŀƴȊ Ǿƻƴ Ŏ ŀǳŦƎƛōǘά 
αThe principle of the constancy of the speed of light can be maintained only by restricting to space-time regions with a constant gravitational potentialά  
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Einstein A. 
The meaning of relativity 

 
ό9ƛ!пύ ǇΦ нпΥ αaŀȄǿŜƭƭϥǎ Ŝǉǳŀǘƛƻƴǎ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǿƘŜƴ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜǎ 
and currents is known. But we do not know the laws which govern the currents and charges. We do know, 
indeed, that electricity consists of elementary particles (electrons, positive nuclei), but from a theoretical point 
of view we cannot comprehend this. We do not know the energy factors which determine the distribution of 
electricity in particles of definite size and charge, and all attempts to complete the theory in this direction have 
failed. If then we can build upon Maxwell's equations at all, the energy tensor of the electromagnetic field is 
known only outside the charged particles (*) 
 

(*) It has been attempted to remedy this lack of knowledge by considering the charged particles as proper singularities. But in my opinion 
this means giving up a real understanding of the structure of matter. It seems to me much better to admit our present inability rather than 
to be satisfied by a solution that is only apparent. 

 
 

Einstein A. 
Ether and the theory of relativity 

 
(EiA5): αLorentz succeeded in reducing all electromagnetiŎ ƘŀǇǇŜƴƛƴƎǎ ǘƻ aŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ ŦƻǊ ŦǊŜŜ ǎǇŀŎŜΦ  
 
As to the mechanical nature of the Lorentzian ether, it may be said of it, in a somewhat playful spirit, that 
immobility is the only mechanical property of which it has not been deprived by H. A. Lorentz. It may be added 
that the whole change in the conception of the ether which the special theory of relativity brought about, 
ŎƻƴǎƛǎǘŜŘ ƛƴ ǘŀƪƛƴƎ ŀǿŀȅ ŦǊƻƳ ǘƘŜ ŜǘƘŜǊ ƛǘǎ ƭŀǎǘ ƳŜŎƘŀƴƛŎŀƭ ǉǳŀƭƛǘȅΣ ƴŀƳŜƭȅΣ ƛǘǎ ƛƳƳƻōƛƭƛǘȅΦ  Χ 
 
Generalizing we must say this: -- There may be supposed to be extended physical objects to which the idea of 
motion cannot be applied. They may not be thought of as consisting of particles which allow themselves to be 
separately tracked through time. In MiƴƪƻǿǎƪƛΩǎ ƛŘƛƻƳ ǘƘƛǎ ƛǎ ŜȄǇǊŜǎǎŜŘ ŀǎ ŦƻƭƭƻǿǎΥ -- Not every extended 
conformation in the four-dimensional world can be regarded as composed of world-threads. The special theory 
of relativity forbids us to assume the ether to consist of particles obserbale through time, but the hypothesis of 
ether in itself is not in conflict with the special theory of relativity. Only we must be our guard against ascribing 
a state of motion to the ether.ά 
 

 
Euler L. 

The division of the truths within the boundaries of human cognition into 
the truths of experience, reason, and believe 

  
(Iƛ{мύ {Φ мрΣ ноΥ αDie Vermischung (mixing) von Vernunft- (reason) und Erfahrungswahrheiten (experience) ist 
schon älteren Datums und liefert immer wieder Anlaß zu Streitigkeiten (disput) zwischen Mathematikern und 
Physikern. Ein prominentes Beispiel liefert das sogenannte Dirichletsche Prinzip, das später an Hand des 
isoperimetrischen Problems näher erläutert werden soll. Dieses Beweisprinzip ist deshalb in die Geschichte der 
Mathematik eingegangen, weil hier im vorrigen Jahrhundert die Begriffe Minimum und kleinste untere Schranke 
verwechselt wurden, die heute jeder Mathematik- und Physikstudent schon in den ersten Vorlesungsstunden 
auseinanderzuhalten gelernt hat. Nachdem Weierstraß diesen Fehler, der selbst Gauß, Dirichlet und Riemann 
unterlaufen war, aufgedeckt und kritisiert hatte, wurde von Mathematikern anerkannt, daß es in jedem 
speziellen Fall nötig sei, die Existenz eines Minimums zu beweisen Physiker hingegen meinten, die Existenzfrage 
ŜǊƭŜŘƛƎŜ ǎƛŎƘ ŘǳǊŎƘ α9ǾƛŘŜƴȊΦά 
 
 

Fermi E. 
Quantum Theory for Radiation 

 
(FeE)Υ α5ƛǊŀŎΨǎ ǘƘŜƻǊȅ ƻŦ ǊŀŘƛŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ŀ ǾŜǊȅ ǎƛƳǇƭŜ ƛŘŜŀΤ ƛƴǎǘŜŀŘ ƻŦ ŎƻƴǎƛŘŜǊƛƴƎ ŀƴ ŀǘƻƳ ŀƴŘ ǘƘŜ 
radiation field with which it interacts as two distinct systems, he treats them as a single system whose energy is 
the sum of three terms: one representing the energy of the atom, a second representating the electromagnetic 
energy of the radiation field, and a small term representing the coupling energy of the atom and the radiation 
field. 
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If we neglect this last term, the atom and the field could not affect each other in any way; that is, no radiation 
energy could be either emitted or absorbed by the atom. A very simple example will explain these relations. Let 
us consider a pendulum which corresponds to the atom, and an oscillating string in the neighborhood of the 
pendulum which represents the radiation field. If there is no connection between the pendulum and the string, 
the two systems vibrate quite independently of each other; the energy is in this case simply the sum of the 
energy of the pendulum and the energy of the string with no interaction term. To obtain a mechanical 
representation of this term, let us tie the mass M of the pendulum to a point A of the string by means of a very 
thin and elastic thread ὥ. The effect of this thread is to perturb slightly the motion of the string and of the 
pendulum. Let us suppose for instance that at the time ὸ π, the string is in vibration and the pendulum is at 
rest. Through the elastic thread a the oscillating string transmits to the pendulum very slight forces having the 
same periods as the vibrations of the string. If these periods are different from the period of the pendulum, the 
amplitude of its vibrations remains always exceedingly small; but if a period of the string is equal to the period 
of the pendulum, there is resonance and the amplitude of vibration of the pendulum becomes considerable after 
a certain time. This process corresponds to the absorption of radiation by the atom. If we suppose, on the 
contrary, that at the time ὸ π the pendulum is oscillating and the string is at rest, the inverse phenomenon 
occurs. The forces transmitted through the elastic thread from the pendulum to the string put the string in 
vibration; but only the harmonics of the string, whose frequencies are very near the frequency of the pendulum 
reach a considerable amplitude. This process corresponds to the emission of radiation by the atom.ά 
 
 

Feynman R. 
 

(GlJ) p. 433:  
 

αWhen a historian of particle physics pressed him (R. Feynman) on the question of unification, he 
resited. 
α¸ƻǳǊ ŎŀǊŜŜǊ ǎǇŀƴǎ ǘƘŜ ǇŜǊƛƻŘ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭΣά ǘƘŜ ƛƴǘŜǊǾƛŜǿŜǊ ǎŀƛŘΦ 
αΨ¢ƘŜ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭΨά  CŜȅƴƳŀƴ ǊŜǇŜŀǘŜŘ ŘǳōƛƻǳǎƭȅΦ  
άὛὟσ ὛὟς Ὗρ. From renormalization (*), to quantum ŜƭŜŎǘǊƻŘȅƴŀƳƛŎǎ ǘƻ ƴƻǿΚά 
α¢ƘŜ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭΣ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭΣά CŜȅƴƳŀƴ ǎŀƛŘΦ α¢ƘŜ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭ ---- is that the one that 
says that we have electrodynamics, we have weak interaction, and we have strong interaction? 
hƪŀȅΣ ¸ŜǎΦά 
¢ƘŜ ƛƴǘŜǊǾƛŜǿŜǊ ǎŀƛŘΣ α¢Ƙŀǘ ǿŀǎ ǉǳƛǘŜ ŀƴ ŀŎƘƛŜǾŜƳŜƴǘΣ ǇǳǘǘƛƴƎ ǘƘŜƳ ǘƻƎŜǘƘŜǊΦά 
α¢ƘŜȅΩǊŜ ƴƻǘ Ǉǳǘ ǘƻƎŜǘƘŜǊΦά 
α[ƛƴƪŜŘ ǘƻƎŜǘƘŜǊ ƛƴ ŀ ǎƛƴƎƭŜ ǘƘŜƻǊŜǘƛŎŀƭ ǇŀŎƪŀƎŜΚά 
αbƻΦά 
The interviewer was having trouble getting his question onto the table. 
α²Ƙŀǘ Řƻ ȅƻǳ Ŏŀƭƭ ὛὟσ ὛὟς ὟρΚά 
α¢ƘǊŜŜ ǘƘŜƻǊƛŜǎΣά CŜȅƴƳŀƴ ǎŀƛŘΦ α{ǘǊƻƴƎ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ǿŜŀƪ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ŀƴŘ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ Χ  
¢ƘŜ ǘƘŜƻǊƛŜǎ ŀǊŜ ƭƛƴƪŜŘ ōŜŎŀǳǎŜ ǘƘŜȅ ǎŜŜƳ ǘƻ ƘŀǾŜ ǎƛƳƛƭŀǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ Χ ²ƘŜǊŜ ŘƻŜǎ ƛǘ Ǝƻ 
ǘƻƎŜǘƘŜǊΚ hƴƭȅ ƛŦ ȅƻǳ ŀŘŘ ǎƻƳŜ ǎǘǳŦŦ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ƪƴƻǿΦ ¢ƘŜǊŜ ƛǎƴΩt any theory today that has 
ὛὟσ ὛὟς Ὗρ --- whatever the hell it is --- that we know is right, that has experimental 
ŎƘŜŎƪ Χ bƻǿΣ ǘƘŜǎŜ Ǝǳȅǎ ŀǊŜ ŀƭƭ ǘǊȅƛƴƎ ǘƻ Ǉǳǘ ŀƭƭ ǘƘƛǎ ǘƻƎŜǘƘŜǊΦ ¢ƘŜȅΩǊŜ trying ǘƻΦ .ǳǘ ǘƘŜȅ ƘŀǾŜƴΩǘΦ 
hƪŀȅΚά 
 

αSomebody makes up a theory: The proton is unstable. They make a calculation and find that there would be no 
protons in the universe any more! So they fiddle around with their numbers, putting higher mass into the new 
particle, and after much effort they predict that the proton will decay at a rate slightly less than the last measured 
rate the proton has shown not to decay at. When a new experiment comes along and measures the proton more 
carefully, the theories adjust themselves to squeeze out from the pressureά, (UnA) p. 162 
 
 α5ƛŜƧŜƴƛƎŜƴΣ ŘƛŜ ŘƛŜ aŀǘƘŜƳŀǘƛƪ ƴƛŎƘǘ ǾŜǊǎǘŜƘŜƴΣ ǿŜǊŘŜƴ ƪŀǳƳ Ȋǳ ŘŜƴ ǘƛŜŦŜƴ {ŎƘǀƴƘŜƛǘŜƴ ŘŜǊ bŀǘǳǊ ǾƻǊŘǊƛƴƎŜƴ 
können. Die Physiker können sich keiner anderen Sprache bedienen und wenn man mehr über die Natur lernen 
will, muß man die Sprache verstehen lernenΣ ŘƛŜ ǎƛŜ ǎǇǊƛŎƘǘά, (SpK) S. 3. 
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Feynman R. 
The character of physical laws 

 
όCŜwмύ ǇΦ моΥ άThere is a rhythm and a pattern between the phenomena of nature which is not apparent to the 
eye, but only to the eye of analysis; and it is these rhythms and ǇŀǘǘŜǊƴǎ ǿƘƛŎƘ ǿŜ Ŏŀƭƭ tƘȅǎƛŎŀƭ [ŀǿǎΦά 
 
όCŜwмύ ǇΦ осΥ ά¢ƘŜ ǎǘǊŀƴƎŜ ǘƘƛƴƎ ŀōƻǳǘ ǇƘȅǎƛŎǎ ƛǎ ǘƘŀǘ ŦƻǊ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ƭŀǿǎ ǿŜ ǎǘƛƭƭ ƴŜŜŘ ƳŀǘƘŜƳŀǘƛŎǎΦά 
 
όCŜwмύ ǇΦ офΥ ά¢ƘŜǊŜ ƛǎ ƴƻ ƳƻŘŜƭ ƻŦ ǘƘŜ ǘƘŜƻǊȅ ƻŦ ƎǊŀǾƛǘŀǘƛƻƴ ǘƻŘŀȅΣ ƻǘƘŜǊ ǘƘŀƴ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ŦƻǊƳΦ Χ α9ǾŜǊȅ 
one of our laws is a purely mathematical statement in rather complex and abstruse mathematics.ά 
 
όCŜwмύ ǇΦ рпΥ άThe best law, as at present understood, is really a combination of the two in which we use 
ƳƛƴƛƳǳƳ ǇǊƛƴŎƛǇƭŜǎ Ǉƭǳǎ ƭƻŎŀƭ ƭŀǿǎΦά 
 
όCŜwмύ tΦ ртΥ άThis shows again that mathematics is a deep way of expressing nature, and any attempt to 
express nature in philosophical principles, or in seat-of-the-Ǉŀƴǘǎ ƳŜŎƘŀƴƛŎŀƭ ŦŜŜƭƛƴƎǎΣ ƛǎ ƴƻǘ ŀƴ ŜŦŦƛŎƛŜƴǘ ǿŀȅΦά 
 
όCŜwмύ ǇΦ руΥ ά¢ƻ ǎǳƳƳŀǊƛȊŜΣ L ǿƻǳƭŘ ǳǎŜ ǘƘŜ ǿƻǊŘǎ ƻŦ WŜŀƴǎΣ ǿƘƻ ǎŀƛŘ ǘƘŀǘ αǘƘŜ DǊŜŀǘ !ǊŎƘƛǘŜŎǘ ǎŜŜƳǎ ǘƻ ōŜ ŀ 
ƳŀǘƘŜƳŀǘƛŎƛŀƴάΦ ¢ƻ ǘƘƻǎŜ ǿƘƻ Řƻ ƴƻǘ ƪƴƻǿ ƳŀǘƘŜƳŀǘƛŎǎ ƛǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ƎŜǘ ŀŎǊƻǎǎ ŀ ǊŜŀƭ ŦŜŜƭƛƴƎ ŀǎ ǘƻ ǘƘŜ 
ōŜŀǳǘȅΣ ǘƘŜ ŘŜŜǇŜǎǘ ōŜŀǳǘȅΣ ƻŦ ƴŀǘǳǊŜΦ ΧΦLŦ ȅƻǳ ǿŀƴǘ to learn about nature, to appreciate nature, it is 
neccessary to understand the language that she speaks in. She offers her information only in one form; we are 
not so unhumble as to demand that she change before we pay any attention.ά 
 
όCŜwмύ ǇΦ мтоΥ άWhat is it about nature that lets this happen, that it is possible to guess from one part what the 
rest is going to do? That si an unscientific question: I do not know how to answer it, and therefore I am going to 
give an unscientific answer. I think it is ōŜŎŀǳǎŜ ƴŀǘǳǊŜ Ƙŀǎ ŀ ǎƛƳǇƛŎƛǘȅ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŀ ƎǊŜŀǘ ōŜŀǳǘȅΦά 
 
όCŜwмύ ǇΦ ссΥ άCharge is the source of a field;  in other words, electricity is related to charge. Thus the particular 
quantity which is conserved here has two other aspects which are not connected with the conservation directly, 
but are interesting anyway. One is that iǘ ŎƻƳŜǎ ƛƴ ǳƴƛǘǎΣ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ǘƘŀǘ ƛǘ ƛǎ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ǘƘŜ ŦƛŜƭŘΦά 
 
όCŜwмύ ǇΦ мпфΥ άFirst of all there is matter ς ŀƴŘΣ ǊŜƳŀǊƪŀōƭȅ ŜƴƻǳƎƘΣ ŀƭƭ ƳŀǘǘŜǊ ƛǎ ǘƘŜ ǎŀƳŜΦά 
 
όCŜwмύ ǇΦ мррΥ άIf we put all this principles together, we discover that there are too many. They are inconsistent 
with each other. It seems that if we take quantum mechanics, plus relativity, plus the proposition that 
everything has to be local, plus a number of tacit assumptions, we get inconsistency, because we get infinity for 
various things when calculate them, and if we get infinity how can we ever say that this agrees with nature?ά 
 
όCŜwмύ ǇΦ мсоΥ άAny schemes ς ǎǳŎƘ ŀǎ αǘƘƛƴƪ ƻŦ ǎȅƳƳŜǘǊƛŎ ƭŀǿǎάΣ ƻǊ αǇǳǘ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ƳŀǘƘŜƳŀǘƛŎŀƭ 
ŦƻǊƳάΣ ƻǊ αƎǳŜǎǎ Ŝǉǳŀǘƛƻƴǎά ς are known to everybody now, and they are all tried all the time. When you are 
stuck, the answer cannot be one of these, because you will have tried these right away. There must be another 
way next time. Each time we get into this log-jam of too much trouble, too much problems, it is because the 
methods that we are using are just like the ones we have used before. The next scheme, the new discovery, is 
going to be made in a complete different way. So history does not help us muchΦά 
 
 

Goethe J. W. v. 
Zur Farbenlehre 

Sechste Abteilung ς Achtzehntes Jahrhundert 
Erste Epoche: Von Newton bis auf Dolland 

Isaak Newton 
 
(GoJ) S. 324 ff.: αBrief an den Sekretär der Londoner Sozietät:  
 
Im Jahre 1671 wird er Mitglied der Londoner Sozietät und legt ihr sein neuestes katoptrisches Teleskop vor und 
zugleich seine Farbentheorie, aus welcher gefolgert wird, daß die dioptrischen Fernröhre nicht zu verbessern 
seien. Dieser Brief eigentlich beschäftigt uns hier, weil Newton den Gang, den er genommen, sich von seiner 
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Theorie zu überzeugen, darin ausführlich erzählt, und weil er überhaupt hinreichnend wäre, uns einen 
vollkommenen Begriff von der Newotonischen Lehre zu geben. 
 
An diesen Brief schließen sich auch die ersten Entwürfe gegen die Newtonische Lehre, welche nebst den 
Antworten des Verfassers bis 1676 reichen. 
 
Die Optik 
Seit gedachtem Jahre läßt sich Newton in weiter keine Kontrovers ein, schreibt aber die Optik, welche 1705 
herauskommt, da seine Autorität am höchsten gestiegen und er zum Präsidenten der Sozietät ernannt war. In 
diesem Werke sind die Erfahrungen und Versuche so gestellt, daß sie allen Einwendungen die Stirn bieten sollen. 
Um nunmehr dasjenige, worauf es bei der Sache ankommt, historisch deutlich zu machen, müssen wir einiges 
aus der vergangenen Zeit nachholen. 
 
Die Wirkung der Refraktion war von den ältesten Zeiten her bekannt, ihre Verhältnisse aber bis in das 
sechzehnte Jahrhundert nur empirisch bestimmt.Snellius entdeckte das Gesetzlich daran und bediente sich zur 
Demonstration des subjektiven Versuchs, den wir mit dem Namen Erhebung bezeichnet haben. Andere wählten 
zur Demonstration den objektiven Versuch, und das Kunstwort Brechung wird davon ausschließend gebraucht. 
Das Verhältnis der beiden Sinus des Einfalls- und Brechungswinkels wird rein ausgesprochen, als wenn kein 
Nebenumstand dabei zu beachten wäre. 
 
Die Refraktion kam ausschließlich bei Gelegenheit der Fernröhre zur Sprache. Diejenigen, die sich mit 
Teleskopen und deren Verbesserung beschäftigten, mußten bemerken, daß durch Objektivgläser, die aus 
Kugelschnitten bestehen, das Bild nicht rein in einen Punkt zu bringen ist, sondern daß eine gewise Abweichung 
stattfindet, wodurch das Bild undeutlich wird. Man schrieb sie der Form der Gläser zu und schlug deswegen 
hyperbolische und elliptische Oberflächen vor. 
 
So oft von Refraktion, besonders seit Antonius De Dominis, die Rede ist, wird auch immer der Farberscheinung 
gedacht. Man ruft bei dieser Gelegenheit die Prismen zu Hülfe, welche das Phänomen so eminent darstellen. Als 
Newton sich mit Verbesserung der Teleskope beschäftigte und, um jene Aberration von seiten der Form 
wegzuschaffen, hyperbolische und elliptische Gläser arbeitete, untersuchte er auch die Farberscheinungen und 
überzeugte sich, daß diese gleichfalls eine Art von Abweichung sei wie jene, doch von weit größerer Bedeutung, 
dergestalt, daß jene dagegen gar nicht zu achten sei, diese aber wegen ihrer Größe, Beständigkeit und 
Untrennbarkeit von der Refraktion alle Verbesserung der dioptrischen Teleskope unmöglich machte. 
Bei Betrachtung dieser die Refraktion immer begleitenden Farberscheinungen fiel hauptsächlich auf, daß ein 
rundes Bild wohl seine Breite behielt, aber in der Länge zunahm. Es wurde nunmehr eine Erklärung gefordert, 
welche im siebzehnten Jahrhundert oft versucht worden, niemandem aber gelungen war. 
 
Newton scheint, indem er eine solche Erklärung aufsuchte, sich gleich die Frage getan zu haben: ob die Ursache 
in einer inneren Eigenschaft des Lichts oder in einer äußern Bedingtheit desselben zu suchen sei? Auch läßt sich 
aus seiner Behandlung der Sache, wie sie uns bekannt worden, schließen, daß er sich sehr schnell für die erstere 
Meinung entschieden hat. 
 
Das erste, was er also zu tun hatte, war, die Bedeutsamkeit aller äußeren Bedingungen, die bei dem 
primatischen Versuche vorkamen, zu schwächen oder ganz zu beseitigen. Ihm waren die Überzeugungen seiner 
Vorgänger wohl bekannt, welche eben diesen äußeren Bedingungen einen großen Wert beilegte. Er führt ihrer 
sechs auf, um eine nach der andern zu veneinen. Wir tragen sie in der Ordnung vor, wie er sie selbst aufführt, 
und als Fragen, wie er sie gleichfalls gestellt hat. 
 
Erste Bedingung. Trägt die verschiedene Dicke des Glases zur Farberscheinung bei? 
ΧΦ 
Zweite Bedingung. Inwiefern tragen größere oder kleinere Öffnungen im Fensterladen zur Gestalt der 
Erscheinung, besonders zum Verhältnis ihrer Lage zur Breite bei? 
ΧΦ 
Dritte Bedingung. Tragen die Grenzen des Hellen und Dunkeln etwas zur Erscheinung bei? 
 

Das ganze Kapitel unseres Entwurfs, welches die Farben abhandelt, die bei Gelegenheit der Refraktion 
entstehen, ist durchaus bemüht zu zeigen, daß eben die Grenzen ganz allein die Farberscheinungen 
hervorbringen. Wir wiederholen hier nur das Hauptmoment. 
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Es entspringt keine prismatische Farbenerscheinung, als wenn ein Bild verrückt wird, und es kann kein 
Bild ohne Grenze sein. Bei dem gewöhnlichen prismatischen Versuch geht durch die kleinste Öffnung das 
ganze Sonnenlicht durch, das ganze Sonnenlicht wird verrückt; bei geringer Brechung nur an den 
Rändern, bei stärkerer aber völlig gefärbt. 
 
Durch welche Art von Untersuchung jedoch Newton sich überzeugt habe, daß der Grenze kein Einfluß auf 
die Farberscheinung zuzuschreiben sei, muß jenen, der nicht verwahrlost ist, zum Erstaunen, ja zum 
Entsetzen bewegen, und wir fordern alle günstige und ungünstige Leser auf, diesem Punkte die größte 
Aufmerksamkeit zu widmen. 

 
Bei jenem bekannten Versuche, bei welcher sich das Prisma innerhalb der dunklen Kammer befindet, geht das 
Licht, oder vielmehr das Sonnenbild, zuerst durch die Öfnung und dann durch das Prisma, da denn auf der Tafel 
das farbige Spektrum erscheint. Nun stellt der Experimentator, um gleichsam eine Probe auf seinen ersten 
Versuch zu machen, das Prisma hinaus vor die Öffnung und findet in der dunklen Kammer, vor wie nach, sein 
gefärbtes verlängertes Bild. Daraus schließt er, die Öffnung habe keinen Einfluß auf die Färbung desselben. 
Wir fordern alle unsere gegenwärtigen und künftigen Gegner auf diese Stelle. Hier wird von nun an um die 
Haltbarkeit oder Unhaltbarkeit des Newtonischen Systems gekämpft, hier, gleich am Eingange des Labytinths 
und nicht drinnen in den verworrenen Irrgängen, hier, wo uns Newton selbst aufbewahrt hat, wie er zu seinen 
Überzeugung gelangt ist. 
 
Wir wiederholen daher was schon oft von uns didaktisch und polemisch eingeschärft worden: das gebrochene 
Licht zeigt keine Farbe, als bis es begrenzt ist; das Licht nicht als Licht, sondern insofern es als ein Bild entstehe, 
das nachher gebrochen wird, oder ob eine Brechung vorgehe, innerhalb welcher man ein Bild begrenzt. 
Man gewöhne sich, mit dem großen Wasserprisma zu operieren, welches uns ganz allein über die Sache einen 
vollkommnen Aufschluß geben kann, und man wird nicht aufhören, sich zu wundern, durch welch einen 
unglaublichen Fehlschluß sich ein so vorzüglicher Mann nicht alleine zu Anfang getäuscht, sondern den Irrtum 
so bei sich festverwurzeln lassen, daß er wider allen Augenschein, ja wider besser Wissen und Gewissen, in der 
Folge dabei verharrt und einen ungehörigen Versuch nach dem anderen ersonnen, um seine erste 
Unaufmerksamkeit vor unaufmerksamen Schülern zu verbergen. Man sehe, was von uns im polemischen Teile, 
besonders zum zweiten Teil des ersten Buchs der Optik, umständlicher ausgeführt worden, und erlaube uns 
hier den Triumpf der guten Sache zu feiern, den ihr die Schule, mit aller ihrer Halsstarrigkeit, nicht lange mehr 
verkümmern wird. 
 
Jene drei nunmehr abgehandelten Fragepunkte beziehen sich auf Äußerungen älterer Naturforscher. Der erste 
kam vorzüglich durch Antonius De Dominis, der zweite und dritte durch Kirchner und Descartes zur Sprache. 
Außerdem waren noch andre Punkte zu beseitigen, andere äußere Bedingungen zu leugnen, die wir nun der 
Ordnung nach vorführen, wie sie Newton beibringt. 

 
Vierte Bedingung. Sind vielleicht Ungleichheiten und Fehler des Glases schuld an der Erscheinung? 
ΧΦ 
Fünfte Bedingung. Hat das verschiedene Einfallen der Strahlen, welche von verschiedenen Teilen der Sonne 
herabkommen, Schuld an der farbigen Abweichung? 
ΧΦ 
Sechste Bedingung. Ob vielleicht die Strahlen nach der Refraktion sich in krummen Linien fortpflanzen und also 
das so seltsam verlängerte Bild hervorbringen? 
ΧΦ 
Da nunmehr Newton diese sechs äußeren Bedingungen völlig removiert zu haben glaubt, so schreitet er 
unmittelbar zu dem Schlusse: es sei die Farbe dem Licht nicht nur eingeboren, sondern die Farben in ihren 
spezifischen Zuständen seien in dem Licht als ursprüngliche Lichter enthalten, welche nur durch die Refraktion 
und andre äußere Bedingungen manifestiert, aus dem Lichte hervorgebracht und in ihrer Uranfänglichkeit und 
Unveränderlichkeit nunmehr dargestellt würden. 
 
Daß an diesen dergestalt entwickelten und entdeckten Lichtern keine weitere Veränderung vorgehe, davon 
sucht er sich und andere durch Exprimentum Crucis zu überzeugen; worauf er denn in dreizehn Propositionen 
seine Lehre mit allen Klauseln und Kautelen, wie sie hernach völlig stehen geblieben, vorträgt, und da er die 
Farben zuerst aus dem weißen Licht entwickelt, zuletzt sich genötigt sieht, das weiße Licht wieder aus ihnen 
zusammenzusetzen. 
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Dieses glaubt er vermittelst der Linse zu leisten, die er ohne weitre Vorbereitung einführt und sich für 
vollkommen befriedigt hält, wenn er das im Brennpunkt aufgehobene farbige Bild für das wieder 
zusammengebrachte, vereinigte, gemischte ausgeben kann. 
 
Die Folgerung, die er aus allem diesem zieht, ist sodann, daß es unnütz sei, sich mit Verbesserungen der 
diotrischen Fernröhre abzugeben, daß man vielmehr bloß an die katoptrischen halten müsse, wozu er eine neue 
Vorrichtung ausgesonnen. 
 
Diese ersten Konfessionen und Behauptungen Newtons wurden in jenem von uns angezeigten Briefe an die 
königliche Sozietät der Wissenschaften gebracht und durch die Transaktionen öffentlich bekannt. Sie sind das 
erste, was von Newtons Lehre im Publikum erscheint und uns in manchem Sinne merkwürdig, besonders 
deshalb, weil die ersten Einwendungen seiner Gegner vorzüglich gegen diesen Brief gerichtet sind. 
Nun haben wir gesehen, daß sein Hauptfehler darin bestanden, daß er jene Fragen, die sich hauptsächlich 
darauf beziehen: ob äußere Bedingungen bei der Farberscheinung mitwirken? zu schnell und übereilt beseitigt 
und verneint, ohne auf die näheren Umstände genauer hinzusehen.Deswegen haben wir ihm bei einigen 
Punkten völlig, bei andren zum Teil, und abermals bei andern nicht widersprechen müssen und können, und wir 
haben deutlich zu machen gesucht, welche Punkte, und inwiefern sie haltbar sind oder nicht. Widerstrebt nun 
einer seiner Gegner irrigerweise den haltbaren Punkten, so muß er bei der Kontrovers verlieren, und es entsteht 
ein guten Vorurteil für das Ganze; widerstrebt ein Gegner den unhaltbaren Punkten, aber nicht kräftig genug 
und auf die unrechte Weise, so muß er wieder verlieren, und das Falsche erhält die Sanktion des Wahren. 
Schon in diesem Briefe, wie in allen Beantwortungen, die er gegen seine ersten Gegner richtet, finde sich jene 
von uns in der Polemik angezeigte Behandlungsart seines Gegenstandes, die er auf seine Schüler fortgepflanzt 
hat. Es ist ein fortdauerndes Setzen und Aufheben, ein unbedingtes Aussprechen und augenblickliches 
Limitieren, so daß zugleich alles und nichts wahr ist. 
 
Diese Art, welche eigentlich bloß dialektisch ist und einem Sophisten ziemte, der die Leute zum besten haben 
wollte, findet sich, so viel mir bekannt geworden, seit der scholastischen Zeit wieder zuerst bei Newton. Seine 
Vorgänger von den wiederauflebenden Wissenschaften an, waren, wenn auch oft beschränkt, doch immer 
treulich dogmatisch, wenn auch unzulänglich, doch redlich didaktisch; Newtons Vortrag hingegen besteht aus 
einem ewigen Hinterstzuvörderst, aus den tollsten Transpositionen, Wiederholungen und Verschränkungen, aus 
dogmatisierten und didaktisierten Widersprüchen, die man vergeblich zu fassen strebt, aber doch zuletzt 
auswendig lernt und also etwas wirklich zu besitzen glaubt. 
 
Und bemerken wir nicht im Leben, in manchen andren Fällen: wenn wir ein falsches Apercu, ein eigenes oder 
fremdes, mit Lebhaftigkeit ergreifen, so kann es nach und nach zur fixen Idee werden und zuletzt in einen 
völligen partiellen Wahnsinn ausarten, der sich hauptsächlich dadurch manifestiert, daß man nicht allein alles 
einer solchen Vorstellungsart Günstige mit Leidenschaft festhält, alles zart Widersprechende ohne weiteres 
beseitigt, sondern auch das auffallend Entgegengesetzte zu seinen Gunsten auslegt.ά 
 

 
Gödel K. 

A new type of cosmological solutions of the gravity field equations 
 
όDǀYύΥ αAll cosmological solutions with non-vanishing density of matter known at present have the common 
ǇǊƻǇŜǊǘȅ ǘƘŀǘΣ ƛƴ ŀ ŎŜǊǘŀƛƴ ǎŜƴǎŜΣ ǘƘŜȅ Ŏƻƴǘŀƛƴ ŀƴ αŀōǎƻƭǳǘŜά ǘƛƳŜ ŎƻƻǊŘƛƴŀǘŜΣ ƻǿƛƴƎ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜǊŜ ŜȄƛǎǘǎ 
a one-parametric system of three-spaces everywhere orthogonal on the world lines of matter. It is easily seen 
that the non-existence of such a system of three-spaces is equivalent with a rotation of matter relatively to the 
compass of inertia. In this paper I am proposing a solution (with a cosmological term  π) which exhibits such a 
rotation. This solution, or rather the four-dimensional space Ὓ which it defines, has the further properties 
 

(1) Ὓ  is homogeneous 
 

(2) ΧΦ ǎƻ ǘƘŀǘ ŀƴȅ ǘǿƻ ǿƻǊƭŘ ƭƛƴŜǎ ƻŦ ƳŀǘǘŜǊ ŀǊŜ ŜǉǳƛŘƛǎǘŀƴǘ 
 

(3) Ὓ has rotational symmetry 
 

(4) Χ ¢Ƙŀǘ ƛǎΣ ŀ ǇƻǎƛǘƛǾŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƛƳŜ Ŏŀƴ ŎƻƴǎƛǎǘŜƴǘƭȅ ōŜ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ǘƘŜ ǿƘƻƭŜ ǎƻƭǳǘƛƻƴ 
 

(5) It is not possible to assign a time coordinate to each space-time point in such a way that the coordinate 
always increases, if one moves in a positive time-ƭƛƪŜ ŘƛǊŜŎǘƛƻƴΤ Χ 
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(6) Χ ƛǘ ƛǎ ǘƘŜƻǊŜǘƛŎŀƭƭȅ ǇƻǎǎƛōƭŜ ƛƴ ǘƘŜǎŜ ǿƻǊƭŘǎ ǘƻ ǘǊŀǾŜƭ ƛƴǘƻ ǘƘŜ ǇŀǎǘΣ ƻǊ ƻǘƘŜǊǿƛǎŜ ƛƴŦƭǳŜƴŎŜ ǘƘŜ Ǉŀǎǘ 
 

(7) There exist no three-spaces which are everywhere space-like and intersect each world line of matter in 
one point 

 

(8) Χ ŀƴ ŀōǎƻƭǳǘŜ ǘƛƳŜ ŘƻŜǎ not exist, even if it is not required to agree in direction with the times of all 
possible observers (where absolute means: definable without reference to individual objects, such as 
e.g. a particular galactic system). 

 

(9) Matter everywhere rotates relatively to the compass of inertia with the angular velocity ς “‘”, where 

” is the mean density of matter and ‘ bŜǿǘƻƴΩǎ ƎǊŀǾƛǘŀǘƛƻƴŀƭ Ŏƻƴǎǘŀƴǘ.ά 
 
 

Hawking S. W. 
A Brief History of Time 

Elementary Particles and the Forces of Nature 
 
α!ƭƭ ƪƴƻǿƴ particles in the universe can be divided into two groups: particles of spin ½, which make up the 
matter in the universe, and particles of spin 0, 1, and 2, which give rise to forces between matter particles.ά 
 
"A particle of spin 0 is like a dot: it looks the same from every direction. A particle of spin 1 is like an arrow: it 
looks different from different directions. Only if one turns it round a complete revolution (360 degrees) does the 
particle look the same. A particle of spin 2 is like a double-headed arrow: it looks the same if one turns it round 
half a revolution (180 degrees). Similarly, higher spin particles look the same if one turns them through smaller 
fractions of a complete revolution. ... there are particles that do not look the same if one turns them through 
just one revolution: one has to turn them through two revolutions! Such particles are said to have spin 1/2." 
α¢ƘŜ ƳŀǘǘŜǊ ǇŀǊǘƛŎƭŜǎ ƻōŜȅ ǿƘŀǘ ƛǎ ŎŀƭƭŜŘ tŀǳƭƛΩǎ ŜȄŎƭǳǎƛƻƴ ǇǊƛƴŎƛǇƭŜΦ Χ Lǘ ǎŀȅǎ ǘƘŀǘ ǘǿƻ ǎƛƳƛƭŀǊ ǇŀǊǘƛŎƭŜǎ Ŏŀƴƴƻǘ 
exist in the same state; that is, they cannot have both the same position and the same velocity, within the limits 
given by the uncertainty principle. The exclusion principle is crucial because it explains why matter particles do 
not collapse to a state of very high density under the influence of the forces produced by the particles of spin 0, 
1, and 2; if the matter particles have very nearly the same positions, they must hve different velocities, which 
means that they will not stay in the same position any longer. If the world had been created without the 
exclusion principle, quarks would not form separate, well-defined protons and neutrons. Nor would these, to 
gether with electrons, form separate, well-defined atoms. They would all collapse to form a roughly uniform, 
ŘŜƴǎŜ αǎƻǳǇά.ά 

 
 

Hawking S. W. 
The theory of everything 

Open questions 
 

όIŀ{ύ ǇΦ ттΥ αThis picture of a universe that started off very hot and cooled as it expanded is in agreement with 
all the observational evidence that we have today. Nevertheless, it leaves a number of important questions 
unanswered. 
  
First, why was the universe so hot? 
Second, why is the universe so uniform on a large scale ς why does it look the same at all points of space and in 
all directions? 
 
Third, why did the universe start out so nearly the critical rate of expansion to just avoid recollapse? If the rate 
of expansion one second after the big bang had been smaller by even one part in a hundred thousand million 
million, the universe would have recollaped before it ever reached ist present size. On the other hand, if the 
expansion rate at one second had been larger by the same amount, the universe would have expanded so much 
that it would be effectively empty now. 
 
Fourth, despite the fact the universe is so uniform and homogenous on a large scale, it contains local lumps 
such as stars and galaxies. These are thought to have developed from small differences in the density of the 
early universe from one region to another. What was the origin of these density fluctuations? 
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The general theory of relativity, on its own, cannot explain these features or answer these questions. This is 
because it predicts that the universe started off with infinite density at the big bang singularity. At the 
singularity, general relativity and all other physical laws would break down. One cannot predict what would 
come out of the singularity.ά 
 
 

Hegel G. W. F. 
Rother W., Vorlesungen über Hegels Phänomenologie des Geistes 

 
όwƻ²ύ {Φ фΥ αEinführung 
Was ist Phänomenologie? Für Hegel ist die Phänomenologie sowohl eine Methode philosophischer Forschung 
als auch eine Methode philosophischer Darstellung. Phänomenologie als Forschungsmethode ist durch das 
gekennzeichnet, was Husserl später als “̌ ,̝ als Zurückhaltung des subjektiven Urteils bezeichnete (vgl. Ideen 
zu einer reinen Phänomenologie, 56-57). In der Phänomenologie des Geistes schaut Hegel der Entwicklung der 
Phänomene gewissermassen zu. Als Methode der Darstellung ist Phänomenologie aber nicht bloss Deskription 
der Phänomene, sondern auch Konstruktion und Rekonstruktion, das heisst philosophischer Nachvollzug ihrer 
systematischen und dialektischen Ordnung. 
 
Gegenstand der Hegelschen Phänomenologie ist der Geist, dessen erste Gestalt das Bewusstsein ist. Im späteren 
System der Enzyklopädie der philosophischen Wissenschaften reduziert Hegel den Geist, der in der 
Phänomenologie des Geistes thematisiert wird, auf das Bewusstsein, auf eine Gestalt des subjektiven Geistes - 
aber der Geistbegriff der Phänomenologie des Geistes umfasst in gleicher Weise den objektiven und den 
absoluten Geist, also nicht nur die Gestalten des Bewusstseins, sondern auch die Gestalten der konkreten Welt 
und ihrer Geschichte. Hegel fasst diese Gestalten des Geistes nicht als statische Entitäten, die zu analysieren 
wären, sondern als Entitäten, die sich entwickeln und denen wir bei ihrer Entwicklung zuschauen - ich benutze 
diesen Ausdruck durchaus mit Blick auf Husserls Wesenserschauung und seine eidetische Reduktion (vgl. Ideen 
zu einer reinen Phänomenologie, 10-13, 108-119), die in gewisser Hinsicht in Hegels phänomenologischer 
Methode präformiert sind. 
 
(RoW) S. 10-11: Zum Aufbau der Phänomenologie des Geistes 
Die Entwicklung des Bewusstseins und seiner Gestalten verläuft, wie ein Blick auf die Gliederung der 
Phänomenologie des Geistes zeigt, vom unmittelbaren, sinnlichen Bewusstsein über das Selbstbewusstsein zur 
Vernunft. 
 

A. BEWUSSTSEIN  
I. Die sinnliche Gewissheit oder das Diese und das Meinen  
II. Die Wahrnehmung oder das Ding und die Täuschung  
III. Kraft und Verstand, Erscheinung und übersinnliche Welt  
 

B. SELBSTBEWUSSTSEIN  
IV. Die Wahrheit der Gewissheit seiner selbst 
  

C. VERNUNFT 
  

(AA) VERNUNFT  
V. Gewissheit und Wahrheit der Vernunft  

(BB) DER GEIST  
VI. Der Geist  

(CC) DIE RELIGION  
VII. Die Religion  

(DD) DAS ABSOLUTE WISSEN  
VIII. Das absolute Wissen  

 
Was sehen wir an dieser Gliederung? Bewusstsein und Selbstbewusstsein sind phänomenologische 
Entwicklungsphasen auf dem Weg hin zur Vernunft - das ist der Dreischritt A.-B.-C. Hegels Phänomenologie des 
Geistes ist also keine blosse Bewusstseinsphilosophie. Das Bewusstsein (A.), das sich selbst zum Gegenstand hat, 
das sich seiner selbst vergewissert hat (B.), ist Voraussetzung für den Schritt in die Vernunft (C).  
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Die Vernunft ist das Resultat, der End- und Kulminationspunkt (C.) der Entwicklung, die das Bewusstsein 
durchläuft, und zugleich der Anfang (AA) der neuer, spezifischer Gestalten, nämlich Geist (BB) - Religion (CC) - 
absolutes Wissen (DD). Unter Geist versteht Hegel hier nicht mehr Gestalten nur des Bewusstseins, sondern die 
konkreten und wirklichen Gestalten der Welt: von der Sittlichkeit, Bildung, Aufklärung und Moralität über die 
Religion und Kunst zum absoluten Wissen. 
 

(BB) DER GEIST  
VI. Der Geist  

A. Der wahre Geist. Die Sittlichkeit 
a. Die sittliche Welt. Das menschliche und göttliche Gesetz, der Mann und 
das Weib  
b. Die sittliche Handlung. Das menschliche und göttliche Wissen, die Schuld 
und das Schicksal  
c. Der Rechtszustand  

B. Der sich entfremdete Geist. Die Bildung  
I. Die Welt des sich entfremdeten Geistes 
II. Die Aufklärung  
III. Die absolute Freiheit und der Schrecken  

C. Der sich seiner selbst gewisse Geist. Die Moralität  
a. Die moralische Weltanschauung  
b. Die Verstellung  
c. Das Gewissen. Die schöne Seele, das Böse und seine Verzeihung 
 

Um hier nicht zu sehr vorzugreifen und nur die grossen Entwicklungslinien zu verfolgen: Dem Dreischritt 
Bewusstsein (A.) - Selbstbewusstsein (B.) - Vernunft (C.) korrespondiert auf «höherer» Ebene der Dreischritt 
wahrer Geist (IV. A.) - sich entfremdeter Geist (IV. B.) - sich seiner selbst gewisser Geist (IV. C.). Die Dynamik 
geht in der Hegelschen Dialektik immer vom Mittelglied aus, das das Unmittelbare, das erst einmal Gegebene 
negiert. Die Negativität ist der Motor der Dynamik. In der Dynamik des Geistes ist das zentrale Moment die 
Entfremdung und in der Entfremdung ist es die Aufklärung (IV. B. I.), die zur absoluten Freiheit und zum 
Schrecken führt.ά 
 

Heidegger M. 
The Age of the World Picture 

 
(HeM) p.70: αLƴ ƳŜǘŀǇƘȅǎƛŎǎ ǊŜŦƭŜŎǘƛƻƴ ƛǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ŜǎǎŜƴŎŜ ƻŦ ǿƘŀǘ ƛǎ ŀƴŘ ŀ ŘŜŎƛǎƛƻƴ ǘŀƪŜǎ 
place regarding the essence of truth. Metaphysics grounds an age, in that through a specific interpretation of 
what is and through a specific comprehension of truth it gives to that age the basis upon which it is essentially 
formed. This basis holds complete dominion over all the phenomena that distinguish the age. Conversely, in 
order that there may be an adequate reflection upon these phenomena themselves, the metaphysical basis for 
them must let itself be apprehended in them. Reflection is the courage to make the truth of our own 
presuppositions and the realm of our own goals into the things that most deserve to be called in question."  
  
(HeM) p.72: αaƻŘŜǊƴ ǇƘȅǎƛŎǎ ƛǎ ŎŀƭƭŜŘ ƳŀǘƘŜƳŀǘƛŎŀƭ ōŜŎŀǳǎŜΣ ƛƴ ŀ ǊŜƳŀǊƪŀōƭŜ ǿŀȅΣ ƛǘ ƳŀƪŜǎ ǳǎŜ ƻŦ ŀ ǉǳƛǘŜ 
specific mathematics. But it can proceed mathematically in this way only because, in a deeper sense, it is 
ŀƭǊŜŀŘȅ ƛǘǎŜƭŦ ƳŀǘƘŜƳŀǘƛŎŀƭΦά   

  
(HeM) p.73: αThe rigor of mathematical physical science is exactitude. Here all events, if they are to enter at all 
into representation as events of nature, must be defined beforehand as spatiotemporal magnitudes of motion. 
Such defining is accomplished through measuring, with the help of number and calculation. But mathematical 
research into nature is not exact because it calculates with precision; rather it must calculate in this way 
because its adherence to its object-sphere has the character of exactitude. The humanistic sciences, in contrast, 
indeed all the sciences concerned with life, must necessarily be inexact just in order to remain rigorous. A living 
thing can indeed also be grasped as spatiotemporal magnitude of motion, but then it is no longer apprehended 
as living. The inexactitude of the historical humanistic sciences is not a deficiency, but is only the fulfillment of a 
demand essential to this type of research. It is true, also, that the projecting and securing of the object-sphere 
of the historical sciences is not only of another kind, but is much more difficult of execution than is the achieving 
of rigor in the exact sciences.ά 
(HeM) Heidegger M., The Age of the World Picture, Cambridge University Press 
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Heidegger M. 
Sein und Zeit 

 
αWas gibt den Anlaß, Zeit und Sein zusammen zu nennen? Sein besagt seit der Frühe des abendländisch-
europäischen Denkens bis heute dasselbe wie Anwesen. Aus Anwesen, Anwesenheit spricht Gegenwart. Diese 
bildet nach der geläufigen Vorstellung mit Vergangenheit und Zukunft die Charakteristik der Zeit. Sein wird als 
Anwesenheit durch die Zeit bestimmt. Daß es sich so verhält, könnte schon genügen, um eine unablässige 
Unruhe in das Denken zu bringen. Diese Unruhe steigert sich, sobald wir uns aufmachen, dem nachzudenken, 
inwiefern es diese Bestimmung des Seins durch die Zeit gibt. Inwiefern? Dies fragt: Weshalb, auf welche Weise 
und woher spricht im Sein dergleichen wie Zeit? Jeder Versuch, das Verhältnis von Sein und Zeit mit Hilfe der 
landläufigen und ungefähren Vorstellungen von Zeit und Sein hinreichend zu denken, verstrickt sich alsbald in 
ein unentwirrbares Geflecht kaum durchdachter Beziehungen. Wir nennen die Zeit, wenn wir sagen: Jedes Ding 
hat seine Zeit. Dies meint: Jegliches, was jeweilen ist, jedes Seiende kommt und geht zur rechten Zeit und bleibt 
eine Zeit lang während der ihm zugemessenen Zeit. Jedes Ding hat seine Zeit. 
 
Aber ist das Sein ein Ding? Ist das Sein so wie ein jeweilig Seiendes in der Zeit? Ist das Sein überhaupt? Würde es 
sein, dann müßten wir es unweigerlich als etwas Seiendes anerkennen und demzufolge unter dem übrigen 
Seienden als ein solches vorfinden. Dieser Hörsaal ist Der Hörsaal ist beleuchtet. Den beleuchteten Hörsaal 
werden wir ohne weiteres und ohne Bedenken als etwas Seiendes anerkennen. Aber wo im ganzen Hörsaal 
finden wir das »ist«? Nirgends unter den Dingen finden wir das Sein. Jedes Ding hat seine Zeit. Sein aber ist kein 
Ding, ist nicht in der Zeit. Gleichwohl bleibt Sein als Anwesen, als Gegenwart durch Zeit, durch Zeithaftes 
bestimmt. Χ 
 
Χ Sein und Zeit« ist der Versuch einer Interpretation des Seins auf den transzendentalen Horizont der Zeit hin. 
Was meint hier transzendental«? Nicht die Gegenständlichkeit eines Gegenstandes der Erfahrung als 
konstituiert im Bewußtsein, sondern der aus der Lichtung des Da-seins erblickte Entwurfbereich für die 
Bestimmung des Seins, d. h. des Anwesens als eines solchen. In dem Vortrag »Zeit und Sein« wird der bislang 
ungedachte, im Sein als Anwesen liegende Sinn von Zeit in ein ursprünglicheres Verhältnis zurückgeborgen. Die 
Rede von einem Ursprünglicheren ist hier leicht mißverständlich. Wenn wir aber auch zunächst unausgemacht 
lassen, wie das Ursprünglichere zu verstehen, und «las heißt, nicht zu verstehen ist, bleibt es dennoch bestehen, 
daß das Denken τ und zwar sowohl in dem Vortrag selbst als auch im Ganzen des Weges von Heidegger τ den 
Charakter eines Rückgangs hat. Das ist der Schritt zurück. Zu beachten bleibt die Mehrdeutigkeit des Titels. 
Nötig wird die Erörterung des Wohin und des Wie in der Rede vom »zurück«.ά 

 
 

Martin HeideggerΥ α{Ŝƛƴ ǳƴŘ ½Ŝƛǘά 
Luckner A. 

  
§5. Die ontologische Analytik des Daseins als Freilegung des Horizontes 

für eine Interpretation des Sinnes von Sein überhaupt 
 
(LuA) S. 20-ннΥ αIn diesem Paragraphen stellt Heidegger das Programm für den ersten Teil von Sein und Zeit vor, 
von dessen drei Abschnitten wiederum nur die ersten beiden veröffentlicht sind. Nachdem der 
Gegenstandsbereich der Analyse eingegrenzt ist, stellt sich nun die Frage, wie das Dasein einer existenzialen 
Analyse zugänglich ist. 
 
Ontisch ist das Dasein uns das nächste, denn wir sind als Fragende selbst ein Seiendes von der Art des Daseins. 
Ontologisch aber sind wir uns selbst denkbar fern, so wie für das Auge eine aufgesetzte Sonnenbrille am 
nächsten ist, aber wir sie normalerweise selbst nicht sehen, wenn wir durch sie schauen. 
 
Wie soll nun vorgegangen werden bei dieser Analyse, wenn wir hierfür nicht auf die Wissenschaften vom 
Menschen zurückgreifen können? Zunächst sind wir erst einmal auf eine phänomenologische Beschreibung des 
Daseins angewiesen. Nur eine phänomenologische Beschreibung ς im Unterschied zu einer immer schon eine 
bestimmten Seinsweise fraglos voraussetzenden wissenschaftlichen Erklärung ς kann gewährleisten, daß das 
5ŀǎŜƛƴ αǎƛŎƘ ŀƴ ƛƘƳ ǎŜƭōǎǘ Ǿƻƴ ƛƘƳ ǎŜƭōǎǘ ƘŜǊ ȊŜƛƎŜƴ ƪŀƴƴά όмсύΦ IƛŜǊŦǸǊ ƛǎǘ Ŝǎ notwendig, das Dasein so zu 
beschreiben, wie es sich gerade in seiner Alltäglichkeit zeigt, ohne vorherige Unterscheidung in wesentliche und 
unwesentliche Züge. 
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Heidegger nimmt in diesem Paragraphen thetisch das Ergebnis der vorbereitenden Analytik des Daseins (= 1. 
Abschnitt von Sein und Zeit) vorweg, ohne daß wir es hier schon überprüfen könnten: Als Sinn des Seins des 
Daseins, der Existenz, wird sich die Zeitlichkeit erweisen. Das heißt: Dasein existiert zeitlich, auf diese Weise 
αƛǎǘά Řŀǎ 5ŀǎŜƛƴΦ ²Ŝƴƴ ŘƛŜǎ ǎƻ ƛǎǘΣ ƭŀǎǎŜƴ ǎƛŎƘ ŀƭƭŜ {ǘǊǳƪǘǳǊƳƻƳŜƴǘŜ ŘŜǎ 5ŀǎŜƛƴǎΣ ŘƛŜ ƛƴ ŘŜǊ !ƴŀƭȅǘƛƪ ȊǳǘŀƎŜ 
gefördert wurden, auf diesem Programmhintergrund als Modi der Zeitlichkeit interpretieren: das ist das 
Programm des zweiten Abschnitts von Sein und Zeit. 
 
Dasein ist (wesentlich) Zeitlichkeit. Dieses Ergebnis kann uns den Boden bereiten, die Seinsfrage sinnvoll zu 
stellen, denn wenn 1. Das Dasein ontologisch an ihm selbst ist, d.h. ein Seinsverständnis immer schon besitzt, 2. 
Dasein wesenhaft zeitlich existiert, dann ist jedes Verständnis von Sein nur auf dem Hintergrund der Zeit 
ǾŜǊǎǘŅƴŘƭƛŎƘΦ ²Ŝƴƴ ǿƛǊ ǾƻƳ {Ŝƛƴ ǊŜŘŜƴΣ ǎǇǊŜŎƘŜƴ ǿƛǊ Ǿƻƴ ŘŜǊ ½ŜƛǘΦ 5ƛŜ CǊŀƎŜ ƴŀŎƘ ŘŜƳ {ƛƴƴ Ǿƻƴ α{Ŝƛƴά ƛǎǘ ŀƭǎƻ 
immer auch und von vornherein die Frage nach der Zeit. Die Zeit ist der Horizont alles Seinsverständnisses und 
daher auch, als zentrale Problematik aller Ontologie, Fluchtpunkt der Fundamentalontologie. Die Zeit als Thema 
der Ontologie ist freilich nicht neu, im Gegenteil, sie ist ja von Anaximander bis heute so etwas wie ein 
Dauerbrenner der Metaphysik. Aber der Zeitbegriff wurde immer in Opposition zum Ewigen, Unzeitlichen 
abgehandelt und daher auf einer Ebene, die Heidegger aus gutem Grund unterlaufen möchte. Eine Darstellung 
ǳƴŘ !ƴŀƭȅǎŜ ŘŜǎΣ ǿƛŜ ŜǊ Ŝǎ ƴŜƴƴǘΣ αǾǳƭƎŅǊŜƴά ½Ŝƛǘverständnisses ς ǎƻƭŎƘŜǎΣ ǿŜƭŎƘŜǎ ŘƛŜ ½ŜƛǘƭƛŎƘƪŜƛǘ ŀǳŦ Ŝƛƴ αƛƴ ŘŜǊ 
½Ŝƛǘ ǎŜƛƴά ǾŜǊƪǸǊȊǘ ς kann zeigen, daß gerade das Unzeitliche und Ewige sich überhaupt nur als ein Modus der 
Zeit denken läßt. Bis zu diesem Punkt reicht das Textfragment Sein und Zeit. 
 
Von dem Befund ausgehend, daß jedes Seinsverständnis im Horizont der Zeit steht, wäre nun die Aufgabe des 
dritten Abschnitts gewesen, die Temporalität des Seins herauszuarbeiten. Im Unterschied zum Ausdruck 
α½ŜƛǘƭƛŎƘƪŜƛǘάΣ ŘŜǊ ŦǸǊ ŘƛŜ {ŜƛƴǎǿŜƛǎŜ ŘŜǎ 5ŀǎŜƛƴǎ ǊŜǎŜǊǾƛŜǊǘ ƛǎǘΣ ōŜǘǊƛŦŦǘ ŘŜǊ !ǳǎŘǊǳŎƪ α¢ŜƳǇƻǊŀƭƛǘŅǘά ŀƭƭŜ 
möglichen Seinsweisen. Die Zeitlichkeit ist also wiederum, als spezifische Seinsweise des Daseins, fundiert in der 
Temporalität des Seins selbst. Deren Bestimmung wäre die Beantwortung der Frage nŀŎƘ ŘŜƳ {ƛƴƴ Ǿƻƴ α{ŜƛƴάΦ 
Es ist klar, daß hiermit die Sphäre der Daseinsanalyse verlassen werden muß: Der Weg verläuft vom Sein des 
5ŀǎŜƛƴǎ ȊǳƳ !ǳŦǿŜƛǎ ǎŜƛƴŜǊ ŦǳƴŘŀƳŜƴǘŀƭŜƴ ½ŜƛǘƭƛŎƘƪŜƛǘΣ ŘŀƴŀŎƘ ǎƻƭƭǘŜ ŘŜǊ ²ŜƎ ƛƳ !ōǎŎƘƴƛǘǘ α½Ŝƛǘ ǳƴŘ {Ŝƛƴά ŜƛƴŜ 
Kehre ƳŀŎƘŜƴΦά 
 
 

Heisenberg W. 
The degeneracy of the ground state seeming to be closely  

connected with the existence of long-range forces 
 
In (HeW) the deviation from iso-spin-symmetry in electrodynamics is taken as indication for an asymmetry of 
the ground state, (DüH): 
 
(HeW) vi: αThe mathematical formalism contains some unconventional features which formerly have rendered its 
understanding somewhat difficult: the indefinite metric in Hilbert space and the degeneracy of the ground state. 
But in recent years the indefinite metric has been studied in connexion with the Bleuler-Gupta version of quantum 
electrodynamics and with the Lee-model, the degeneracy of the ground state plays an important part in modern 
solid state physics.ά 
 
(HeW) p. 90Υ αIn fact the number of protons in the world seems to be very different from the number of 
neutrons, the number of electrons is very different from the number of neutrinos. Even the matter and 
antimatter should be distributed in the universe with equal average density ς many galaxies might be consist of 
matter, equally many of antimatter ς and if total isospin should be small in this way, the big asymmetry would 
remain, since in matter the total isospin would point in one direction, in antimatter in the opposite direction. 
Hence there would be a macroscopic deviation from symmetry in isospace. 
 
An asymmetry of the ground state and therefore a degeneracy of this state is a well-known phenomenon in 
many systems discussed in conventional quantum mechanics. Ferromagnetism, superfluidity, superconductivity, 
crystal structure are obvious examples. In such cases two important new phenomena ŀǇǇŜŀǊ ΧΦΥ ¢ƘŜ 
degeneracy of the ground state enforces the existence of bosons of rest mass zero, as has been pointed out in a 
mathematical form by Goldstone (the Goldstone theorem). Some property of the ground state can be attached 
to the particles thereōȅ ŎƘŀƴƎƛƴƎ ƴƻǊƳŀƭ ǇŀǊǘƛŎƭŜǎ ƛƴǘƻ ǎǘǊŀƴƎŜ ǇŀǊǘƛŎƭŜǎΦά 
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(HeW) p. 108: αThe asymmetry of the ground state with respect to the isospin group has been used in chapter 7 
ŀǎ ŜȄǇƭŀƴŀǘƛƻƴ ŦƻǊ ǘƘŜ ǎǘǊŀƴƎŜ ǇŀǊǘƛŎƭŜ ǇƻƭŜǎ ƛƴ ǘƘŜ DǊŜŜƴΩǎ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ŀǎ ōŀǎƛǎ ŦƻǊ ǘƘŜ ǎǇǳǊƛƻƴ ŦƻǊƳŀƭƛǎƳΦ Χ Lǘ 
has been emphasized already in earlier papers on this subject, that empirically the asymmetry of the ground 
state seems to be closely connected with the existence of long-range forces, i.e. of particles with rest mass zero, 
(DuH). The asymmetry with respect to the isospin group comes in through the long-range forces of 
electrodynamics, the asymmetry of with respect to the the space reflection parity appears in the weak 
interactions, and this is the first interaction which affects neutrinos. It can be well understood that short-range 
forces allow a clear separation of the particles from the rest of the world, while long-range forces may lead to a 
dependence of the properties of the particles on the state of the world in large dimensions. This connexion has 
been found a mathematical expression in the theorem of Goldstone. .. In the present theory the Goldstone 
theorem is the basis for an understanding of quantum electrodynamics.ά  
 

 
Helmholtz H. 

Atome der Elektrizität 
 

ό{Ŏ²ύ {Φ нΥ αWenn wir Atome der chemischen Elemente annehmen, so können wir nicht umhin, weiter zu 
schließen, daß auch die Elektrizität positiv sowohl wie negativ in bestimmte elementare Quanta geteilt ist, die 
sich wie Atome der Elektrizität verhaltenάΦ 

 
 

Hildebrandt S. 
Calculus of variations 

The link between mathematics and physics  
 

όIƛ{ύ ·Υ αThe Greek word mathema ς which means knowledge, cognition, understandaing, perception ς 
suggests that the study of mathematics started about 3000 years ago with asking questions about the 
world.The historical sections of our account show that a large part of the development of mathematics was the 
result of a desire to comprehend nature. Mathematics, however, is more than the handmaiden of other 
sciences. It is, as C. F. Gauss stated, irrelevant whether one applies mathematical knowledge to number theory 
or to the movement of a lump of matter such as a planet. 
(HiS) p. 17: Our goal will be to find an easy-to-understand link between mathematics and physics. The 
mathematical theory that provides this link is called the calculus of variationsΦά 
 

The Euler-Lagrange equations 
 
(HiS) 29 ff.: ¢ƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ όƛƴŘƛǎǇŜƴǎƛōƭŜ ŦƻǊ ǇƘȅǎƛŎǎύ αǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ǘŀƴƎŜƴǘ ǇƭŀƴŜά 
 

Question: how, in principle, you can locate the summits in a mountainous area in 
the dark equipped with only a small flashlight and a level?  
AnswerΥ αōȅ ŜƳǇƭƻȅƛƴƎ ǘƘŜ ƛŘŜŀ ƻŦ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ǘŀƴƎŜƴǘΦ 

 
This is how the mathematician locates maxima and minima, by first reducing the questions of best and worst to 
a geometric question of finding summits or pits in some mathematically constructed mountain range. However 
these are usually not mountains in a thǊŜŜ ŘƛƳŜƴǎƛƻƴŀƭ ǿƻǊƭŘΣ ōǳǘ ŀ αƘƛƎƘŜǊ-ŘƛƳŜƴǎƛƻƴŀƭά ǎǇŀŎŜΦ Χ ¢ƘŜ 
mathematician uses a strategy to focus attention on a small number of points suspected to be maxima (peaks) 
or minima (pits). This procedure is similar to that of a detective, who uses all available circumstantial evidence to 
reduce the number of suspects who might have committed a crime. 
 
CǊƻƳ ǘƘŜ αǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ǘŀƴƎŜƴǘ ǇƭŀƴŜά ǘƘŜ ƳŀǘƘŜƳŀǘƛŎƛŀƴ ŜǎǘŀōƭƛǎƘŜǎ ŀ ǎȅǎǘŜƳ ƻŦ ŘƛŦŦŜǊŜƴǘƛŀƭ 
equations (called the Euler-[ŀƎǊŀƴƎŜ Ŝǉǳŀǘƛƻƴǎύά 

 
The geometric description of minimal surfaces 

 
(HiS) P. мссΥ αNow we can discuss the theorem of Lagrange in which he stated the minimal-surface equation. 
This theorem will provide the geometric characterization of least-area surfaces that we are seeking: 
 

At each regular point, as surface of minimal area must have a mean curvature of zero. 
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That is, the surfaces of minimal area satisfy the equation Ὄḧ π, ‖ȟ‖ denote the largest and smallest 

(principle) curvatures that a normal section at point  ὖ can have defining the mean curvature Ὄ, and the 
Gaussian curvature ὑ ‖Ͻ‖Φά 
 
όIƛ{ύ ǇΦ нпмΥ αPlanets, rotating drops, and the nuclei of atoms 
Three (other) pƘŜƴƻƳŜƴŀ Ŏŀƴ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ ŀ ǎƛƴƎƭŜ ǾŀǊƛŀǘƛƻƴŀƭ ǇǊƛƴŎƛǇƭŜ ŦƻǳƴŘŜŘ ōȅ .ŜǊƴƻǳƭƭƛΩǎ ǇǊƛƴŎƛǇƭŜ ƻŦ 
virtual work. These phenomena belong to the fields of astronomy, hydrodynamics, and nuclear physics, which, 
at first sight, do not seem to have very much in common. Specifically, we will consider rotating and self-
gravitating liquid masses of homogeneous density, then rotating liquid drops endowed with surface tension, 
and finally the nuclei of atoms with or without an angular momentumΦά 
 
όIƛ{ύ ǇΦ нснΥ αThe geometry of crystals 
Among the most-ŀŘƳƛǊŜŘ ŦƻǊƳǎ ƛƴ ƴŀǘǳǊŜ ŀǊŜ ǘƘƻǎŜ ƻŦ ŎǊȅǎǘŀƭƭƛƴŜ ǎǘǊǳŎǘǳǊŜǎΦ Χ ! ƴŀǘǳǊŀƭ ǉǳŜǎǘƛƻƴ ǘƻ ŀǎƪ ƛǎ 
ǿƘŜǘƘŜǊ ǘƘŜ ǎƘŀǇŜǎ ƻŦ ŎǊȅǎǘŀƭǎ Ŏŀƴ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ ǾŀǊƛŀǘƛƻƴŀƭ ǇǊƛƴŎƛǇƭŜΦ  Χ 
 
²Ŝ ǘƘŜƴ ŀǎƪ ŦƻǊ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻǊ ǎƘŀǇŜ ǘƘŀǘΣ ŦƻǊ ŀ ŦƛȄŜŘ ǾƻƭǳƳŜΣ Ƙŀǎ ŀ ƳƛƴƛƳǳƳ ǘƻŀƭ ǎǳǊŦŀŎŜ ŜƴŜǊƎȅΦ ΦΦ DΦ ²ǳƭŦŦΩǎ 
discovery is that, given some further reasonable assumptions about the mathematical character of the surface 
energy, the following holds: 

For every given volume, there is a unique convex body whose boundary consists of planar faces, 
such that this boundary surface has less energy than does the boundary surface of any other 
piecewise smooth body of the same volume. 

 
This theorem is remarkable in two ways. First, there is an infinite number of possible surface energies; 
nevertheless, for each such admissible energy, the unique minimum is a convex region bounded by planes. 
Second, unlike most problems in mathematics in which explicit solutions are impossible to find, the solution to 
our minimum problem, the optimal crystalline region, can be determined by a simple procedure known as the 
Wulff construction. 
 

aŀǳǇŜǊǘƛǳǎΩ ǇǊƛƴŎƛǇƭŜΣ ŎŀƭŎǳƭǳǎ ƻŦ ǾŀǊƛŀǘƛƻƴǎΣ  
ŀƴŘ bŜǿǘƻƴΩǎ ŘȅƴŀƳƛŎǎ 

 
(HiS) p. 279 ff.Υ αIn the Principia, the entire program of modern mechanics is formulated, not only in content but 
also in style. Newton began like a mathematician by first giving definitions of the basic notions, such as mass 
and momentum, and then formulated three basic laws or axioms from which everything else was to follow: 
 

First law: Every body remains in its state of rest or uniform motion in the same direction unless 
it is compelled by impressed forces to change this state 
Second law: The change in motion is proportional to the impressed moving force and, secondly, 
it will occur along the straight line in which that force is impressed. 
Third law: To an action there is always an equal and opposite reaction, or, the mutual actions 
of two bodies upon each other are equal and point in opposite directions. 

 
Χ ¢ƘŜ ǘƘǊŜŜ ƭŀǿǎ ŀǊŜ ƻƴƭȅ ǘƘŜ ŦƻǊƳŀƭ ŦǊŀƳŜǿƻǊƪ ƻŦ ŘȅƴŀƳƛŎǎ ŀƴŘ Řƻ ƴƻǘ ǎŀȅ ŀƴȅǘƘƛƴƎ ŀōƻǳǘ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ 
acting forces. In fact, the second law has occasionally been considered tautogical. If we want to apply the 
dynamical laws to concrete cases, we must specify the acting forces. Attraction is one of the basic forces, and 
Newton stated how this force acts: 
 
Every particle of matter attracts every other particle with a force proportional to the mass of each, and inversely 
proportional to the square of the distance between them. 
 
¢Ƙƛǎ ƛǎ ƪƴƻǿƴ ŀǎ bŜǿǘƻƴΩǎ ǳƴƛǾŜǊǎŀƭ ƭŀǿ ƻŦ ƎǊŀǾƛǘŀǘƛƻƴΦ ό!ŎǘǳŀƭƭȅΣ bŜǿǘƻƴ ƴŜǾŜǊ ŦƻǊƳǳƭŀǘŜŘ ǘƘŜ ƭŀǿ ƛƴ ǘƘƛǎ ƎŜƴŜǊŀƭ 
form; instead he gave different versions in different places, which have been combined into the preceding 
statement). He named the attractive force of mass gravitas, meaning heaviless or weight. Today we speak of 
gravity or gravitation. 
 
IŜƴŎŜ ǘƘŜ ƎǊŀǾƛǘŀǘƛƻƴ ƭŀǿ ŜȄǇǊŜǎǎŜǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ Ƴŀǎǎ ŀƴŘ ǿŜƛƎƘǘΥ ŀ ōƻŘȅΩǎ Ƴŀǎǎ ƛǎ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ 
its location in space; but if it is placed in a field of gravitation, it experiences weight caused by gravitation. 
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Theoretically, gravitation exists everywhere, but, in practice, the gravitational effect of one body on another is 
ȊŜǊƻ ƛŦ ǘƘŜȅ ŀǊŜ ŦŀǊ ŜƴƻǳƎƘ ŀǇŀǊǘΦά 
 
(HIS) p. 286 ff.: αA faily precise version of this principle, as currently accepted, for the simplest case, that of the 
motion of a single point-mass is the following: 
 
Consider a point-mass ά that moves from time ὸ and ὸ in a field of conservative forces, such as gravitation. At 
each point in a force field, a force of a given magnitide and direction acts on each point-mass ά moving in a field 
ŀŎŎƻǊŘƛƴƎ ǘƻ bŜǿǘƻƴΩǎ ǎŜŎƻƴŘ ƭŀǿΥ 

Ὂ άϽὥ. 
 

A field of forces Ὂ is conservative, if it posseses a potential energy Ὗ. This is a rule that attaches a numerical 
value Ὗὖ to each point ὖ ƛƴ ǎǇŀŎŜΣ ƛƴ ǎǳŎƘ ŀ ǿŀȅ ǘƘŀǘ ǘƘŜ αƴŜƎŀǘƛǾŜ ƎǊŀŘƛŜƴǘά ƻŦ ǘƘŜǎŜ ǾŀƭǳŜǎ Ὗ at ὖ equals 
the force Ὂ at ὖ. This means the following: 
 
Suppose the function Ὗ describes a landscape in a four-dimensional world above the three-dimensional space. 
Let us now consider a point ὖ in space and the point ὖᶻ on the energy landscpae above ὖ. If ὖᶻ is not a 
stationary point on the mountain range, we can find a direction in the three-dimensional space at ὖ that 
indicates the direction of steepest ascent of the landscape at the point ὖᶻ above ὖ; opposite to it, we have the 
direction of steepest descent of the function Ὗ. Let us attach an arrow to ὖ, pointing in either one of these two 
directions, whose size equal the rate of change of Ὗ on corresponding direction. In this way, we define two 
vectors whose feet lie at ὖΦ ¢ƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǎǘŜŜǇŜǎǘ ŀǎŎŜƴǘ ŘŜŦƛƴŜǎ ǘƘŜ αƎǊŀŘƛŜƴǘ όǾŜŎǘƻǊύ ƻŦ ὟΣά ŘƴƻǘŜǎ ōȅ 
ὫὶὥὨὟΣ ŀƴŘ ǘƘŜ ǾŜŎǘƻǊ ǇƛƴǘƛƴƎ ƛƴ ǘƘŜ ƻǇǇƻǎƛǘŜ ŘƛǊŜŎǘƛƻƴ ŘŜŦƛƴŜǎ ǘƘŜ αƴŜƎŀǘƛǾŜ ƎǊŀŘƛŜƴǘάΣά ǿƘƛŎƘ ƛǎ ǘƘŜ ŀǊǊƻǿ 
opposite to ὫὶὥὨὟ and therefore is denoted by ὫὶὥὨὟ. 
 
If ὖᶻ is a stationary point, say, the top of a mountain, then the function Ὗ has a maximum at ὖ, and there is 
neither a direction of strongest ascent nor one of strongest descent (this expresses the feeling that, on top of a 
mountain, the ground is practically horizontal, without ascent or descent). Therefore we set ὫὶὥὨὟ and 
ὫὶὥὨὟ equal to zero at a stationary point. 

 
Then our assumption that Ὂ is a conservative field of forces with the potential energy Ὗ is expressed by the 
equation 

Ὂ ὫὶὥὨὟ  
 
which is to hold at each point of space. 
Suppose now that the point-mass ά moves with some velocity of absolute value ○ through space. Since ○ can 
change in time, it has to be considered as a function of the time ὸ. Then we can define the kinetic energy Ὕ of 
the point-mass at each instant of time by 
 

Ὕ ὺᴆ. 

The expression 
Ὁ Ὕ Ὗ  

 
is called the total energy of the point-mass at each instant. 
 
With some infinitesimal calculus, we can prove from the equations Ὂ άϽὥ and Ὂ ὫὶὥὨὟ that the total 
energy Ὁ is a constant; in other words, a point-mass in a conservative field of forces moves in such a way that 
its total energy has a numerical value Ὤ that is the same at each instant. This is the law of the conservation of 
energy, and it is expressed by the equation Ὁ Ὤ. 
 
This law explains the term conservative to a field of forces. We look at two important cases of conservative 
fields of forces.  
 
The first one is the gravitational field on the surface of the Earth, where one considers the problem of the 
trajectory of a stone thrown in the air. Here it is assumed that the force of attraction is the same size at each 
point and that it always points perpendiculary towards the surface of the Earth, which for simplicity is supposed 



 

100 
 

to be a plan. The potential energy Ὗ of this field of forces is a linear function of the height Ὤ above the ground, 
and it increases with increasing height. This is described by the rule 
 

Ὗὖ άὫὬ ὧ. 
 
Here ά is the mass of the point moving in the gravitational field, ὧ is an arbitrarily chosen gauge constant, and 
Ὣ is a given positive constant that, according to measurements, has a value of approximately 9.81 άȾίὩὧ. 
 
Another model is the gravitational field of a large mass ὓ, which rests at some fixed point ὗ and attracts some 
point-mass ά that moves around ὗ. The potential energy Ὗὖ of this field at some point ὖ is given by the 
expression 

Ὗὖ ὧ, 

 

where ὶ ὖὗ is the distance of ὖ from the center ὗ, Ὃ ƛǎ bŜǿǘƻƴΩǎ ƎǊŀǾƛǘŀǘƛƻƴ ŎƻƴǎǘŀƴǘΣ ǿƘƛŎƘ ƘŀǎΣ ǿƛǘƘ ƎǊŜŀǘ 
precision, been measured by experiments, and ὧ is a number that can be chosen arbitrarily. 
 
The action ὃ performed by a point-mass during its motion between times ὸ and ὸ is defined by the integral 
 

ὃ ᷿ ςὝὨὸ. 

 
Suppose now that the point-mass ά moves under the influence of a conservative field of forces. What 
distinguishes the actual motion from all the other motions that, in principle, were possible but actually do not 
occur? 
 
According to Newton, the actual motion can be determined from the equation Ὂ άὥ provided that its initial 
data are known. There is also another way to determine the true motion which is conceptually totally different 
from the first. 
 
According to Maupertuis, the actual motion of the point-mass ά from ὖ to ὖ under the influence of the force 
field Ὂ ὫὶὥὨὟ is distinguished among all the other motions by the property that it provides a stationary 
value for the action ὃΦ !ŎǘǳŀƭƭȅΣ ƘŜǊŜ ǿŜ ƘŀǾŜ ǊŜǇƭŀŎŜŘ aŀǳǇŜǊǘǳƛǎΩ ƳƛƴƛƳǳƳ ǇǊƛƴŎƛǇƭŜΦ 

Seek a motion that minimizes A, 
 
with the following somewhat weaker requirement: 
 

Seek a motion that is stationary for !. 
 

But, as it stands, this principle is pure nonsense, because the acting forces do not appear anywhere in the 
expression for ὃ. The correct statement would be that we do not need to seek a stationary value for ὃ among 
all motions from ὖ to ὖ, but only amoung those which at each instant have the same constant total energy Ὁ, 
say Ὁ Ὁ as the actual motion. (We need to know the actual motion to compute the energy constant Ὁ; it 
can, for instance, be obtained from the initial data or from any other complete set of data.) 
 
There is one more complication: in general it is not possible to get from a given point ὖ to another point ὖ by 
means of a motion of fixed total energy if we prescribe the initial time ὸ and the final time ὸ. Therefore, the 
demand to minimize the value of action amoung all possible motions of the point-mass from ὖ to ὖ which 
have the same total energy point ὖ to another point Ὁ, the same initital time ὸ, and the same final time ὸ, 
does not make sense, since there might be not any suchmotion. The way out of this dilemma is to minimize 
action amoug all possible (or virtual) motions from ὖ to ὖ of fixed total energy, for which neither the time of 
departure nor the time of arrival is fixed. 
 
In this form, the action principle turns out to be correct, but often it is not easy to handle. Therefore, we shall 
state another version, which was devised by Lagrange. 
 
First, we define ὖ to ὒ Ὕ Ὗ, the so-called Lagrangian or action density; it is the difference between kinetic 
and potential energy. We can then infer from Ὁ Ὕ Ὗ that ςὝ ὒ Ὁ, and thus we find for the motions 
with a constant total energy of the value Ὁ that  
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ςὝ ὒ Ὁ. 
 
Now we consider the areas under the graps of two functions ςὝ and ὒ Ὁ between two ὸ values ὸ and ὸ. 
As the two graphs coincide, we infer that 
 

᷿ ςὝὨὸ᷿ ὒ Ὁ Ὠὸ ᷿ ὒὨὸ᷿ ὉὨὸ. 

 

The integral on the left-hand side is the action integral ὃ, while the integral ᷿ ὉὨὸ is the are area of a 

rectangle of the height Ὁ above the t-axis which has the interval between ὸ and ὸ on the t-axis as one of its 
edges.Therefore, this integral has the value Ὁ ὸ ὸ , and we obtain 
 

᷿ ὒὨὸὃ Ὁ ὸ ὸ . 

 
From this equation we guess correctly that the integral also can be used to formulate a variational principle for 
the actual motion from ὖ to ὖ. This variational principle says: 
 

If the actual motion begins at ὖ at time ὸ, and ends at ὖ at time ὸ, then it gives the integral ᷿ ὒὨὸ 

 A stationary (and sometimes even a minimal) value, among all motion beginning at ὖ and ending at ὖ at the 
same time as the actual motion. 
The new features of this variational principle are that, contrary to the first one, no subsidary condition Ὁ Ὁ 
and no variation of the limits are needed! In other wrds, the virtual motions are not restricted to those with 
constant energy Ὁ, and we may fix ὸ and ὸ. This makes the integral ᷿ὒὨὸ much easier to handle than ᷿ςὝὨὸ. 
In fact, the variational principle 
 

Seek a stationary motion for ᷿ ,ÄÔ 

 
is the form of the action principle that can easily be generalized to more difficult situations and to other physical 
problems. 
 
 

Hübscher A. 
Um Schopenhauers Farbenlehre 

Ein Brief (von O. Volger) und Bericht 
 
(HüA) S. 84: Für heute möchte ich jenen Punkt in Anregung bringen, in Betreff dessen Sie mit Goethe in 
Widerspruch traten: das Weiß. Hier war Goethe im Irrthum ς aber mir scheint, Sie sind es gleichfalls. 
Χ 
Die Unklarheit liegt nun ganz einfach in einer, allerdings sehr gebräuchlichen, höchst bemerkenswerthen und für 
die Unvollkommenheit der menschlichen Sinnesübung bezeichnenden Verwechslung: der Verwechslung nämlich 
des Lichtes, welches als Klarheit den quantitativen Gegensatz zur Finsterniß, also zum Schwarz, bildet, und des 
Weiß, welches eben selber den neutralen Punkt zwischen den polarisch kontrastirenden Quantitäten einnimmt.  
Χ 
Daher ist auch Ihre Aufstellung (p. 24) der intensiven Theilung der Thätigkeit der Retina zu verändern. 
 

Licht - Halbschatten - Finsternis 
Klarheit - Grau  - Schwarz 

 
Bei eigenen Versuchen werden Sie Sich überzeugen, daß Weiß und Schwarz nie das Grau des Halbschattens, 
sondern vielmehr das, vom Grau im gewöhnlichen Leben zwar nicht genügend unterschiedene, aber wesentlich 
verschiedene Greis geben.  
ΧΦ 
Die Sonne ist nicht weiß, sondern klar. Die Quantität des Lichtes blendet hier unser Auge. Weiß als solches ist 
ƴƛŎƘǘ ōƭŜƴŘŜƴΦ Χ 
 
Weiß gehört also mit in die Reihe der Farben, aber freiich ohne einen Gegensatz zu haben, als Neutralität. 
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Husserl E. 
Phenomenology 

Logische Untersuchungen  
(providing a new foundation for pure logic and epistemology) 

 
(ZaD) S. 9: αThe fundamental mistake of psychologism is that it does not distinguish correctly between the 
object of knowledge and the act of knowing. Whereas the act is a psychical process that elapses in time and 
that has a beginning and an end, this does not hold true for the logical principles or mathematical truths that 
are known (Hua 24/141). When one speaks of a law of logic or refers to mathematical truths, to theories, 
principles, sentences, and proofs, one does not refer to a subjective experience with a temporal duration, but to 
something atemporal, objective, and eternally valid. Although the principles of logic are grasped and known by 
consciousness, we remain conscious of something ideal that is irreducible to and utterly different from the real 
psychical acts of knowing. This distinction between the ideal and real is so fundamental and urgent to Husserl, 
that in his criticism of psychologism he occasionally approaches a kind of (logical) Platonism: The validity of the 
ideal principles are independent of anything actually existing.2 No truth is a fact, i.e. something determined as 
to time. A truth can indeed have as its meaning that something is, that a state exists, that a change is going on 
etc. The truth itself is, however, raised above time: i.e. it makes no sense to attribute temporal being to it, nor to 
say that it arises or perishes (Hua 18/87 [109-110]). The truth that 2 + 3 = 5 stands all by itself as a pure truth 
whether there is a world, and this world with these actual things, or not (Hua 9/23).ά 
 

The Lifeworld and the Crisis of Science 
 
(ZaD) S. 126: αAccording to Husserl's diagnosis, this crisis is a direct consequence of the objectivism that has 
dominated since the Scientific Revolution in the Renaissance, a revolution characterized by its quantitative ideal 
of method, its sharp distinction between facts and values, and its insistence that science and science only can 
describe reality as it is in itself. To quote Galileo, who, according to Husserl, personifies this entire enterprise: 
 

Philosophy is written in this grand book, the universe, which stands continually open to our gaze. But the book cannot be 
understood unless one first learns to comprehend the language and read the letters in which it is composed. It is written 
in the language of mathematics, and its characters are triangles, circles, and other geometric figures without which it is 
humanly impossible to understand a single word of it; without these, one wanders about in a dark labyrinth. 

According to Husserl, the only way to overcome the present scientific crisis and to heal the disastrous rupture 
between the world of science and the world of everyday life is by criticizing this reigning objectivism. This is why 
Husserl commences his analysis of the lifeworld, a lifeworld which, although it constitutes the historical and 
ǎȅǎǘŜƳŀǘƛŎŀƭ ŦƻǳƴŘŀǘƛƻƴ ƻŦ ǎŎƛŜƴŎŜΣ Ƙŀǎ ōŜŜƴ ŦƻǊƎƻǘǘŜƴ ŀƴŘ ǊŜǇǊŜǎǎŜŘ ōȅ ƛǘΦά 
 
ό½ŀ5ύ {Φ мнуΥ αHusserl does acknowledge the validity of scientific theories and descriptions, and would even 
concede that they attain a higher degree of objectivity than our daily observations. But, as he repeatedly points 
out, we are faced with a faulty inference if against that background, we conclude that 1) only scientific accounts 
can capture true reality, or that 2) these accounts manage to grasp something which, in a very radical sense, is 
independent of our experiential and conceptual perspective. To think that science can give an absolute 
description of reality, that is, a description from a view from nowhere, is simply a misunderstanding. We must 
reject the assumption that physics is the sole arbiter of what there is, and that all notions to be taken seriously 
should be reducible to the vocabulary and the conceptual apparatus of the exact sciences.  
 
As Husserl points out, natural science by itself undermines the categorical distinction between the sensuously 
given and the physically described. After all, it does insist that it investigates the water I am drinking, or the 
diamond I am admiring, rather than a completely different object. It maintains that it is the true nature of the 
experienced object that it seeks to capture.  
 
The physical thing which he [the physicist] observes, with which he experiments, which he continually sees, 
takes in his hand, puts on the scale or in the melting furnace: that physical thing, and no other, becomes the 
subject of the predicates ascribed in physics, such as weight, temperature, electrical resistance, and so forth 
(Hua3/ii3).  
 
According to Husserl, physics does not present us with an entirely new physical object, but rather with a 
different, higher, and more exact objective determination of the very same object that we encounter in our daily 
life (Ms. A III 9 8b). In contrast to my own estimation of whether the water is warm or hot or whether it tastes 
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strange, a definition of water as Ὄὕ is not only valid for me personally, but for all subjects. Even the most exact 
and abstract scientific results, however, are rooted in the intuitively given subject-relative evidence of the 
lifeworldτa form of evidence that does not merely function as an unavoidable, but otherwise irrelevant, way 
point toward scientific knowledge, but as a permanent and quite indispensable source of meaning and 
justification (Hua 6/142).  
 
In its urge toward idealization, in its search for exact and objective knowledge, science has made a virtue out of 
its decisive showdown with subject-relative evidence, but it has thereby overlooked that its own more refined 
measurements inevitably continue to draw on the contribution of intuition, as when one sets up the experiment, 
reads the measuring instruments, or interprets, compares, and discusses the results with other scientists. We 
should not forget that empirical theories are based on experimental and experiential evidence (Hua 6/128). 
Although scientific theory in its idealization transcends the concrete, intuitively given lifeworld, the latter 
remains as a reference point and meaning-ŦƻǳƴŘŀǘƛƻƴ όIǳŀ сκмнфύΦά 
 

(Hua) Husserliana 
 

Kant I. 
The Critique of Teleological Judgement 

Objective Purposiveness 
 
(KaI) § 62: On Merely Formal, as Distinguished from MaterIal, Objective Purposiveness 
 
(KaI) § 63: On Relative as Distinguished from the Inner, Purposiveness of Nature 
αOnly in one case does experience lead our power of judgment to the concept of a purposiveness that is both 
objective and material purposiveness, i.e., to the concept of a purpose of nature-namely, when we have to 
judge a relation of cause to effect which is such that we can see it as law-governed only if we regard the cause's 
action as based on the idea of the effect, with this idea as the underlying condition under which the cause itself 
can produce that effect. We can do this in two ways: we may regard the effect either as directly the product of 
art, or as only the material that other possible natural beings employ in their art; in other words, we may regard 
the effect either as a purpose, or as a means that other causes employ purposively. The second purposiveness is 
called either usefulness (for human beings) or benefit (for any other creature), and this second purposiveness is 
merely relative, whereas the first is an intrinsic purposiveness of the natural being.ά 
(KaI) § 64: On the Character Peculiar to Things (Considered) as (αintrinsicά ŀǎ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ŦǊƻƳ αǊŜƭŀǘƛǾŜά) 
Natural Purposes 
 
αTo say that a thing is possible only as a purpose is to say that the causality that gave rise to it must be sought, 
not in the mechanism of nature, but in a cause whose ability to act is determined by concepts. And seeing that a 
thing is possible only as a purpose requires that the thing's form could not have arisen according to mere 
natural laws, laws we can cognize by understanding alone as applied to objects of sense, but requires that even 
empirical cognition of this form in terms of its cause and effect presupposes concepts of reason. [Therefore the 
form of such a thing is, as far as reason is concerned, contingent in terms of all empirical laws. But reason, even 
if it tries to gain insight only into the conditions attached to the production of a natural product, must always 
cognize not only the product's form but the form's necessity as well. And yet in that given form it cannot assume 
that necessity. Hence that very contingency of the thing's form is a basis for regarding the product as if it had 
come about through a causality that only reason can have. Such a causality would be the ability to act 
according to purposes (i.e., a will), and in presenting an object as possible only through such an ability we would 
be presenting it as possible only as a purpose. 
 
Suppose that someone coming to a seemingly uninhabited country perceived a geometric figure, say a regular 
hexagon, traced in the sand. As he reflected on this figure, working out a concept for it, reason would make him 
aware, even if obscurely, of the unity of the principle (required) for producing this concept. And so, following 
reason, he would not judge that such a figure is made possible by the sand, the adjoining sea, the wind, or even 
animals that leave footprints familiar to him. or by any other nonrational cause; for it would seem to him that 
coming across such a concept (a regular hexagon), one that is possible only in reason, is so infinitely contingent 
that there might as well be no natural law for it at all, and hence that such an effect could also not have been 
caused by anything in nature, which operates merely mechanically, but could have been caused only by the 
concept of such an object, a concept that only reason can provide and compare the object with. It would seem 
to him therefore that, although this effect can be considered a purpose, it cannot be considered a natural 
purpose, but can be considered only a product of art (vestigium hominis video). Χ 
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If, on the other hand, we cognize something as a natural product and yet are to judge it to be a purpose, and 
hence a natural purpose -unless perhaps the very (thought) is contradictory-then we need more (than the above 
example provided). I would say, provisionally, that a thing exists as a natural purpose if it is both cause and 
effect of itself (although (of itself) in two different senses). For this involves a causality which is such that we 
cannot connect it with the mere concept of a nature without regarding nature as acting from a purpose; and 
even then, though we can think this causality, we cannot grasp it. Before we analyze this idea of a natural 
ǇǳǊǇƻǎŜ ƛƴ ŦǳƭƭΣ ƭŜǘ ƳŜ ŜƭǳŎƛŘŀǘŜ ƛǘǎ ƳŜŀƴƛƴƎ ōȅ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ ŀ ǘǊŜŜΦ ΧΦά 
 
(KaI) § 65: Things (Considered) as Natural Purposes Are Organized Beings 
αWe said in the preceding section that if a thing is a natural product but yet we are to cognize it as possible only 
as a natural purpose, then it must have this character: it must relate to itself in such a way that it is both cause 
and effect of itself. But this description is not quite appropriate and determinate and still needs to be derived 
from a determinate concept.ά 
 
(McP) ǇΦ нуΥ αWir haben gerade gesehen, wie Kant im Anhang zur Dialektik in der KdrV die Betrachtung des 
Naturganzen als deistisches System zum regulativen Prinzip erhebt. In der Einleitung zur KdUk greift er die Frage 
der Systematisierung von empirisch konstatierten Gesetzmäßigkeiten auf: Wir sollen solche empirischen 
DŜǎŜǘȊŜ ŀƭǎ ¢ŜƛƭŜ ŜƛƴŜǎ {ȅǎǘŜƳǎ Ǿƻƴ DŜǎŜǘȊŜƴ ōŜǘǊŀŎƘǘŜƴΣ άŀƭǎ ƻō ƎƭŜƛŎƘŦŀƭƭǎ Ŝƛƴ ±ŜǊǎǘŀƴŘ όǿŜƴƴ ƎƭŜƛŎƘ ƴƛŎƘǘ ŘŜǊ 
unsrige) sie zum Behuf unserer Erkenntnisvermögen, um ein System der Erfahrung nach besonderen 
bŀǘǳǊƎŜǎŜǘȊŜƴ ƳǀƎƭƛŎƘ Ȋǳ ƳŀŎƘŜƴΣ ƎŜƎŜōŜƴ ƘŅǘǘŜέ ό.ȄȄǾƛƛΤ ²ΣнроύΦ ²ƛǊ ƳŀŎƘŜƴ Ŝǎ ȊǳƳ ǊŜƎǳƭŀǘƛǾŜƴ tǊƛƴȊƛǇΣ 
dass die Natur als so strukturiert zu beurteilen ist, wie unser Bedürfnis nach Ordnung es verlangt; indem wir 
einzelne empirische Gegenstände klassifizieren und gesetzmäßig ordnen, setzen wir voraus, dass die Natur eine 
Ordnung hat. Die subjektive Zweckmäßigkeit der Natur, d.h. die Übereinstimmung der Natur mit unserem 
Ordnungsbedürfnis ist ein Prinzip der reflektierenden Urteilskraft.  
 

Diese Zusammenstimmung der Natur zu unserem Erkenntnisvermögen wird von der Urteilskraft, zum Behuf ihrer 
Reflexion über dieselbe, nach ihren empirischen Gesetzen, a priori vorausgesetzt; ... weil wir, ohne diese 
vorauszusetzen, keine Ordnung der Natur nach empirischen Gesetzen, mithin keinen Leitfaden für eine mit diesen 
ƴŀŎƘ ŀƭƭŜǊ ƛƘǊŜǊ aŀƴƴƛƎŦŀƭǘƛƎƪŜƛǘ ŀƴȊǳǎǘŜƭƭŜƴŘŜ 9ǊŦŀƘǊǳƴƎ ǳƴŘ bŀŎƘŦƻǊǎŎƘǳƴƎ ŘŜǊǎŜƭōŜƴ ƘŀōŜƴ ǿǸǊŘŜƴέΦ ό.ȄȄȄǾƛΤ 
W,258ς9) 
 

(McP) p. 28: Die Analytik der teleologischen Urteilskraft 
αIn der Kritik der teleologischen Urteilskraft unternimmt es Kant, die Grenzen der mechanistischen 
Erklärungsweise und die Berechtigung teleologischer Prinzipien in der Naturwissenschaft systematisch zu 
untersuchen. Es geht ihm darum zu bestimmen, inwiefern und unter welchen Bedingungen die Zweckmäßigkeit 
von Dingen, Beziehungen oder Vorgängen selbst irgendeinen Erklärungswert hat bzw. legitim in einer 
wissenschaftlichen Erklärung benutzt werden darf. Es geht auch darum, ob und wann man teleologische 
Annahmen als heuristische Mittel, um dem verborgenen Mechanismus auf die Spur zu kommen, einführen darf 
und soll. Es ist von vornherein klar, dass die teleologischen Annahmen bloß regulative Prinzipien sind. Es ist 
ausgeschlossen, dass die Zweckmäßigkeit auf einem zwecktätigen Subjekt beruht, bzw. dass man wirkliche 
Absichten dabei unterstellt. Es handelt sich aber auch nicht um die subjektive Zweckmäßigkeit der Natur oder 
einzelner Naturdinge für unser Erkenntnisvermögen oder unsere ästhetischen Gefühle, sondern um eine 
άƻōƧŜƪǘƛǾŜέ ½ǿŜŎƪƳŅǖƛƎƪŜƛǘΣ ŘΦƘΦ ŜƛƴŜ aƛǘǘŜƭ-Zweck-Beziehung, die im Objekt der Erkenntnis selbst liegen soll 
und nicht in der Beziehung des Objekts zum Subjekt. Gefragt wird nicht, ob etwas für unser Erkenntnisvermögen 
zweckmäßig eingerichtet ist, sondern ob ein Ding oder ein Teil-System für ein anderes Ding bzw. Teil-System 
(oder beide gegenseitig) zweckmäßig sein kann, und was es für ein Ding bedeutet, dass etwas für es 
zweckmäßig sein soll.ά 
 
 

Klainerman S. 
The global nonlinear stability of the Minkowski space 

 

(ChD) pp. 1, 10-13: α9ƛƴǎǘŜƛƴΩǎ ŦƛŜƭŘ Ŝǉǳŀǘƛƻƴǎ ƛǎ ŀōƻǳǘ ŀƴ ǳƴƛŦƛŜŘ ǘƘŜƻǊȅ ƻŦ ǎǇŀŎŜ-time and gravitations; the 
space-time ὓȟὫ is the unknown, where M denotes a 4-dimensional manifold; one has to find an Einstein 
metric g, fulfilling the Einstein field equations. This is basically the equality Ὃ Ὕ, whereby Ὃ denotes the 
Einstein tensor and Ὕ denotes the energy momentum tensor (e.g. the Maxwell equations). The Einstein-Vacuum 
equations (in the absense of matter, i.e. Ὕ π) are given by Ὑ π, whereby Ὑ denotes the Ricci tensor. Its 
simplest solution is the Minkowski space-time with its canonical coordinate system. Apart from Minkowski 
space-time it is not known, if there are any smooth, geodesically complete solution, which becomes flat at the 
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infinity on any given spacelike direction. The main difficulties one encounters in the proof for the Cauchy 
Einstein-Vacuum equations with given initial data are: 
 

(1) the problem of coordinates 
(2) the strongly nonlinear hyperbolic features of the Einstein equations.  

 
The problem of coordinates comes along with the concept of manifolds. To write the equations in a meaningful 
way, one seems forced to introduce coordinates. Such coordinates seem to be necessary even to allow the 
formulation of well-posed Cauchy problems and a proof of a local in time existence result. Nevertheless, as the 
particular case of wave coordinates illustrates, the coordinates may lead, in the large, to problems of their 
own.ά  
 
 

Kneser A. 
Das Prinzip der kleinsten Wirkung von Leibniz bis zur Gegenwart 

The principle of least action from Leibniz until present (1928) 
 
όYƴ!ύ ǇΦ мΥ αDie Leibnizsche Teleologie, die Vorstellung, daß der Weltverlauf ein Maximum des Guten gewähre, 
hat bei Leibniz selbst, abgesehen von anderen Anwendungen, den bestimmten Sinn, daß die Naturvorgänge aus 
Integralprinzipien nach der Methode des Größten und des Kleinsten abgeleitet werden können. Das bedeutet 
folgendes. Bei einem beliebig definierten, beliebigen Kräften unterworfenen Massensystem wird jeder in einer 
kleinen Zeit Ὠὸ vor sich gehenden Bewegung durch besondere Definition ein Wirkungselement ύὨὸ zugeordnet. 
Betrachtet man nun die Bewegung in einem endlichen Zeitintervall, das durch Summierung der Elemente Ὠὸ 
entsteht, so summieren sich die Elemente ύὨὸ zu einer Größe 
 

ὃ ύ᷿Ὠὸ , 
 

der Wirkung oder dem Aufwande von Wirkung für das betrachtete Intervall. Und nun besteht das Prinzip darin, 
daß, wenn man die wirkliche Bewegung mit gewissen fingierten, näher zu definierenden Nachbarbahnen, 
Nachbarbewegungen vergleicht, die Größe ὃ bei bei ersterer, verglichen mit ihren Werten ὃ bei fingierten 
Bewegungen, ein Maximum oder Minimum wird; allgemeiner braucht auch nur die Differenz ὃ ὃ im 
Verhältnis zu den Dimensionen der Abweichung der fingierten von der wirklichen Bahn klein zu sein;  ὃ braucht 
nur, wie schon Leibniz sagt, ein ausgezeichneter Wert zu sein. Natürlich sind alle hier ziemlich unbestimmt 
bezeichneten Größen und Operationen exakt mittels der Begriffe der Infinitesimalrechnung zu definierenΦέ 
 
(KnA) p. 2: αΦΦ(bei der allgemeinen Teleologie) handelt es sich um ein Prinzip der ausgezeichneten Fälle, um das 
Prinzip, daß der Fall der Natur gegenüber den möglichen fingierten Vorgängen ein ausgezeichneter ist, der aber 
den Vorgang vollständig charakterisiert, wenn man nur die nötigen mathematischen Hilfsmittel heranzieht, und 
das Wesen der Auszeichnung genügend definiert. 
 
Die Weisheit Gottes besteht nun für ein gewisses Gebiet von Erscheinungen oder, wie wir auch sagen können, 
für gewisse Wissenschaften darin, daß für jedes Erscheinungsgebiet ein im angegebenen Sinne beherrschendes 
Integralprinzip da ist; alle diese Prinzipien haben nur die angegebene allgemeine Form gemein; die konkrete 
Form der Größen ύ und ὃ ist in den verschiedenen Gebieten ganz verschieden, auch nicht ohne weiteres aus 
beherrschenden allgemeinen Formen durch Spezifikation ableitbar. 
 
Man denke an die einfache Aufgabe der Bewegung eines materiellen Punktes ohne wirkende Kräfte in der Ebene 
oder auf einer beliebigen gekrümmten Fläche. Die Bahnlinie wird erhalten, wenn man das Prinzip der kleinsten 
Wirkung in der von Leibniz geforderten Form ansetzt, daß der Aufwand, dessen Extrem man sucht, das 
Zeitintegral der lebendigen Kraft ist. Letztere ist konstant nach dem Satze der lebendigen Kraft, der 
vorausgesetzt werden muß, aber nicht ausreicht, um die Bahnlinie zu bestimmen. Das Wirkungsprinzip fordert, 
wenn ὺ die Geschwindigkeit ist, das Extrem der Größe ὃ ὺ᷿Ὠὸ ὺ Ὠ᷿ὸ, also das Extrem der Zeit, mithin 
auch, wegen der konstanten Geschwindigkeit, der Extrem der Länge; die Bahnlinie ist die kürzeste Linie 
zwischen ihren Endpunkten, in der Ebene also die Gerade. Hierbei wird die gekennzeichnete Eigenschaft der 
Geraden, daß ihre Krümmung in jedem Punkt π ist, abgeleitet aus der Betrachtung eines endlichen Bogens 
und eines endlichen entsprechenden Zeitintervalls, in welchem der bestimmte Punkt mitten inne liegt, das also 
auch zeitlich nachfolgende Lagen des bewegten Punktes mit enthält. Bei der Ableitung der gekennzeichneten 
Eigenschaft der Bahnkurve für einen bestimmten Raum-Zeitpunkt, bei der Ableitung der Richtung und der 
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Geschwindigkeit in diesem besonderen Punkte wird also die Zukunft, ein nachfolgendes Zeitintervall, im Ansatz 
und Beweis benutzt, hat also den Charakter des logischen Prius. Dagegen wird das einzelne Naturgesetz etwas 
bei Newton so formuliert, daß aus gegebenen Zuständen des Massensystems nur der Zustand in einem späteren 
Zeitpunkte gefolgert wird. Der Planet findet sich in einer Anfangslage mit einer gewissen Anfangsgeschwin-
digkeit; seine Lage wird durch das Gravitationsgesetz gegeben für jede spätere Zeit; die Zukunft wird durch die 
Vergangenheit und die Gegenwart bestimmt. Bei Verwendung des Integralprinzips wird die Gegenwart durch 
die Vergangenheit und die Zukunft betimmt; hierin liegt das teleologische, eine entfernte Erinnerung an das 
Handeln mit vorbestimmten Zweck. Die Krümmung der Bahn zur Zeit ὸ wird, wenn ὸ ὸ ὸ ist, abgeleitet 
aus der Betrachtung der Lagen auf der ganzen Zeitstrecke von ὸ bis ὸ; diese Lagen sind natürlich unbekannt, 
aber sie werden bei dem Ausgang vom Integralprinzip hypothetisch benutzt. Aus der Minimums- oder 
Extemaleigenschaft der Aufwandsgröße ὃ auf der Strecke von ὸ bis ὸ folgert man, was man braucht, für den 
Zeitpunkt ὸ. 
 
Hier sieht man einen logischen Unterschied zwischen Newtons klassischer Methode, der Methode der 
Effizienten nch Leibniz, bei der man aus der Wirkung der bekannten Kräfte alles ableitet, und der Leibnizischen 
Methode der Finalen, der Endursachen, wie wir sie definiert habe, der Integralprinzipien. 
 
(KnA) p. 55: αΦΦΦ ǎƻ ŘǸǊŦŜƴ ǿƛǊ ŜƴŘƎǸƭǘƛƎ ŀƭǎ .ŜȊƛŜƘǳƴƎ ǳƴǎŜǊŜǎ tǊƛƴȊƛǇǎ ŘŜǊ ȊǳǊ YŀƴǘƛǎŎƘŜƴ ¦ǊǘŜƛƭǎƪǊŀŦǘ ŦŜǎǘǎǘŜƭƭŜƴΥ 
Das Prinzip der kleinsten Wirkung in seiner modernsten Allgemeinheit ist eine Maxime der reflektierenden 
¦ǊǘŜƛƭǎƪǊŀŦǘά (*) 
(*) The Einstein field equations can be derived from the Einstein-Hilbert action by using the principle of least action 

 
 

Kramers H. A. 
Bohrs Komplementaritätsbegriff 

 
όYǊIύ {Φ пΥ αSo haben die Grenzen der Anwendungsmöglichkeit des klassischen Partikelbegriffs eine einfache 
Formulierung erhalten durch die Heisenbergsche Ungestimmtheitsrelationen, und die Eigenart der heutigen 
Quantentheorie wird in durchsichtiger Weise durch den von Bohr eingeführten Komplementaritätsbegriff 
aufgedeckt, nach dem Gesetzmässigkeiten, welche sich auf raumzeitliche Zusammenhänge, und diejenigen, die 
sich auf Energie- und Impulszusammenhänge beziehen (oder allgemeiner auf den kausalen Zusammenhang der 
Erscheinungen), sich komplementär zueinander verhalten, d.h. einander ausschließen, soweit es sich um ihre 
genaue quantitative Feststellbarkeit durch messende Beobachtung handelt. Der Kern dieser neuen 
Auffassungen liegt vor allem in einer Kritik des Beobachtungsbegriffes, und die früheren Schwierigkeiten hatten 
besonders ihren Grund darin, daß man sich durch Extrapolation der klassischen Begriffe ein Weltbild zu schaffen 
ǎǳŎƘǘŜΣ ƴŀŎƘ ŘŜƳ Ƴŀƴ ǿƛŘŜǊǎǇǊǳŎƘǎƭƻǎ Ǿƻƴ ŜƛƴŜƳ αƻōƧŜƪǘƛǾŜƴάΣ ǿƛǊƪƭƛŎƘŜƴ DŜǎŎƘŜƘŜƴ ƛƴ wŀǳƳ ǳƴŘ ½Ŝƛǘ ǊŜŘŜƴ 
konnte. Die Diskussion der empirischen physikalischen Gesetze hat uns tatsächlich gelehrt, daß eine solche 
Extrapolation unerlaubt ist, daß vielmehr eine jedliche Messung mit einer objektiv nicht beschreibbaren, also ς 
wenn man so will ς irrationellen Wechselwirkung zwischen dem Beobachtungsapparat und dem Beobachteten 
behaftet istΦά 

 
 

Leedskalnin E. 
Magnetic current is the same as electric current 

 
(LeE) p. 31: A magnetic current is the same as an electric current, those are two currents, which are made up of 
individual North Pole particles and South Pole particles. One current runs against one another with high velocity 
in a whirling helical form.  
 
In order to let a current flow, it must must be necessarily run against the other current. 
 
 

Leibniz G.-W. 
Preestablished harmony 

 
όIƛ{ύ ǇΦ ннΥ α[ŜƛōƴƛȊ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ƛŘŜŀ ǘƘŀǘ ƻǳǊ ǿƻǊƭŘ ƛǎ ƻǊƎŀƴƛȊŜŘ ǘƻ ōŜ ǘƘŜ ōŜǎǘ ƻŦ ŀƭƭ ǇƻǎǎƛōƭŜ ǿƻǊƭŘǎΦ ΧΦ .ȅ 
ǾŜǊȅ ƳǳŎƘ ǎƛƳǇƭƛŦȅƛƴƎ ƛǘΣ ǿŜ Ƴŀȅ ŘŜǎŎǊƛōŜ [ŜƛōƴƛȊΩǎ ǘƘŜƻǊȅ ŀǎ ŦƻƭƭƻǿǎΦ DƻŘ ŘƻŜǎ ƴƻǘ ƛƴǘŜǊŦŜǊŜΣ ƭƛƪŜ ŀ ŎƭǳƳǎȅ 
clockmaker, from time to time with the affairs of this world, to regulate the hands of His clock. On the contrary, 
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God created his world in preestablished harmony. Like a skilled clockmaker looking after his clockwork, God 
brought the nature of each single part of His world for all eternity into agreement with the nature of all the 
others; thus all parts are forever in complete harmony with each other. This alone is worthy of God, the most 
ƛƴǘŜƭƭƛƎŜƴǘ ŀƴŘ ŀƭƳƛƎƘǘȅ ōŜƛƴƎΦ Χ 
 
Leibniz understood perfectly well that this world, being merely the best selection out of what is possible, may be 
ƳǳŎƘ ǿƻǊǎŜ ǘƘŀƴ ǿƘŀǘ ǿŜ ƳƛƎƘǘ ƘƻǇŜ ŦƻǊΦ IƻǿŜǾŜǊΣ ǇƻǇǳƭŀǊ ƳƛǎǳƴŘŜǊǎǘŀƴŘƛƴƎǎ ƻŦ [ŜƛōƴƛȊΩǎ ǾƛŜǿǎ ǊŜŘǳŎŜŘ Ƙƛǎ 
thoughts to this oversimplification: all that exists is good.ά 
 
 

Lorentz H. A. 
 
(SuL) 1.6.2: αLight speed is caused by the movements of bodies through the ether. Because of various kinds of 
ŜǘƘŜǊ ǇǊŜǎǎǳǊŜǎΣ ƻōƧŜŎǘǎ ŀǊŜ ǎǉǳŜŜȊŜŘ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǎƘƻǊǘŜƴŜŘά 
 

 
Mach E. 

Beziehungen der Mechanik zur Physik 

 
όaŀ9ύ {Φ рмфΥ αмΦ wŜƛƴ ƳŜŎƘŀƴƛǎŎƘŜ ±ƻǊƎŅƴƎŜ Ǝƛōǘ Ŝǎ ƴƛŎƘǘΦ ²Ŝƴƴ aŀǎǎŜƴ ƎŜƎŜƴǎŜƛǘƛƎŜ .ŜǎŎƘƭŜǳƴƛƎǳƴƎŜƴ 
bestimmen, so scheint dies allerdings ein reiner Bewegungsvorgang zu sein. Allein immer sind mit diesen 
Bewegungen in Wirklichkeit auch thermische, magnetische und elektrische Änderungen verbunden, und in dem 
Maße, als diese hervortreten, werden die Bewegungsvorgänge modifiziert. Umgekehrt können auch thermische, 
magnetische, elektrische und chemische Umstände Bewegungen bestimmen. Rein mechanische Vorgänge sind 
also Abstraktionen, die absichtlich oder notgedrungen zum Zwecke der leichtern Übersicht vorgenommen 
werden. Dies gilt auch von den übrigen Klassen der physikalischen Erscheinungen. Jeder Vorgang gehört genau 
genommen allen Gebieten der Physik an, welche nur durch eine teils konventionelle, teils physiologische, teils 
historisch begründete Einteilung getrennt sind. 
 
2. Die Anschauung, dass die Mechanik als Grundlage aller übrigen Zweige der Physik betrachtet werden müsse 
und dass alle physikalischen Vorgänge mechanisch zu erklären seien, halten wir für ein Vorurteil. Das historisch 
Ältere muss nicht immer die Grundlage für das Verständnis des später Gefundenen bleiben. In dem Maße, als 
mehr Tatsachen bekannt und geordnet werden, können auch ganz neue leitende Anschauungen Platz greifen. 
Wir können jetzt noch gar nicht wissen, welche von den physikalischen Erscheinungen am tiefsten gehen, ob nicht 
die mechanischen gerade die oberflächlichsten sind, ob nicht alle gleich tief gehen. Auch in der Mechanik 
ōŜǘǊŀŎƘǘŜƴ ǿƛǊ Ƨŀ ƴƛŎƘǘ ƳŜƘǊ Řŀǎ ŅƭǘŜǎǘŜ DŜǎŜǘȊΣ Řŀǎ IŜōŜƭƎŜǎŜǘȊΣ ŀƭǎ ŘƛŜ DǊǳƴŘƭŀƎŜ ŀƭƭŜǊ ǸōǊƛƎŜƴάΦ 
όaŀ9ύ {Φ пунΥ αDie Vorstellung von der Art, wie die Summe der Bewegung zu rechnen sei, hat sich von Descartes 
auf Leibniz und später bei den Nachfolgern sehr bedeutend modifiziert, und es ist nach und nach das 
ŜƴǘǎǘŀƴŘŜƴΣ ǿŀǎ Ƴŀƴ ƘŜǳǘŜ αDŜǎŜǘȊ ŘŜǊ 9ǊƘŀƭǘǳƴƎ ŘŜǊ 9ƴŜǊƎƛŜά nenntΦά 
 
όaŀ9ύ {Φ пуоΥ αEr (Lagrange) führt einen Neubau der Mechanik (die ganze Mechanik gründet auf dem 
Eulerschen Prinzip der kleinsten Wirkung) auf anderen Grundlagen aus, und kein Sachverständiger kann dessen 
Vorzüge verkennen. Alle späteren bedeutenden Naturforscher haben sich der Auffassung von Lagrange 
angeschlossen, und damit was im wesentlichen die heutige Stellung der Physik zur Theologie gegebenΦά 

 
(UnA1) pp. 62,65, 66Υ aŀŎƘΩǎ ƘȅǇƻǘƘŜǎƛǎ 
 

- the laws of dynamics could depend only on the motion of masses relatively to each other 
- the laws of nature are independent to accelerated motion. 

 
The Mach hypothesis is that distant celestial objects must be responsible for masses having gravitational 
ǇǊƻǇŜǊǘƛŜǎΦ Lǘ ŀƴǘƛŎƛǇŀǘŜǎ 9ƛƴǎǘŜƛƴΩǎ ƭŀǘŜǊ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ƛƴŜǊǘƛŀƭ ŀƴŘ ƎǊŀǾƛǘŀǘƛƻƴŀƭ Ƴŀǎǎ ƪƴƻǿƴ ŀǎ ǘƘŜ ŜǉǳƛǾŀƭŜƴŎŜ 
principle.  
  
The Mach principle has two different aspects. First, and qualitatively, just as the (Einstein) equivalence of 
principle, it says that inertia and gravitational mass are mystereriously connected. Secondly, Mach also claimed 
that inertia (i.e. the resistance to acceleration) must have its origin in the relative acceleration with respect to 
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all other masses in the universe.This meant that the strength of gravity was also determined by every other 
celestial body ς ŀƴŘ ǎǳŘŘŜƴƭȅ ǿŜ ƘŀǾŜ ŀ ǉǳŀƴǘƛǘƛŀǘƛǾŜ ǎǘŀǘŜƳŜƴǘάΦ 

 
 

Marx W. 
IŜƎŜƭǎ αtƘŅƴƻƳŜƴƻƭƻƎƛŜ ŘŜǎ DŜƛǎǘŜǎά 

 
(MaW2) S. 17-18Υ αUm der Bedeutung des Begriffs bei Hegel gerecht zu werden, darf man aber auch nicht 
übersehen, was ihn von Kants Verständnis der Subjekt-Objekt-Identität in der transzendentalen Apperzeption 
trennt. Für Kant war das reine Selbstbewußtsein in seiner einigenden Funktion für die Möglichkeit synthetischer 
Urteile a priori von Bedeutung, d.h. letztlich für die Grrundlegung der Erfahrungserkenntnis der 
bŀǘǳǊǿƛǎǎŜƴǎŎƘŀŦǘ ǳƴŘ ƛƘǊŜǊ αhōƧŜƪǘƛǾƛǘŅǘάΦ 5ŀǎ tǊƻōƭŜƳ ŘŜǎ deutschen Idealismus, vor allem Hegels, war 
prnizipieller. Die Subjektivität war ihm die Bewegung, die das DŀƴȊŜ ŘŜǎ {Ŝƛƴǎ αƭƻƎƛŦƛȊƛŜǊǘάΦ {ƛŜ ŜǊƘƛŜƭǘ ŘŀƳƛǘ ŘƛŜ 
Bedeutung, die der Logos für die griechische Philosophie besessen hatte. 
 
Für die Griechen war die Bestimmung des Logos bereits eine Identität von Denken und Sein gedacht, insofern 
der Logos zugleich die Ordnung selbst und das Wissen der Ordnung besagte. Diese Identität bedeutete für sie 
somit ein Partizipieren des Denkens an der Ordnung des Kosmos. Demgegenüber ist das neuzeitliche 
Philosophieren seit Kant das wissende Subjekt der Ursprung der Ordnung der als Begriff formierenden 
(kategorialen) Gegenständlichkeit der Gegenstände. Diese α²ŜƴŘŜά ōŜƘŅƭǘ IŜƎŜƭ ōŜƛΦ 5ŜǊ .ŜƎǊƛŦŦ ƛǎǘ Ŧür ihn der 
sich als Subjekt vollziehende Logos, der die Ordnung und Intelligibilität von allem, was ist, konstituiert. Dabei 
ōŜŘŜǳǘŜǘ α{ǳōƧŜƪǘά ŦǊŜƛƭƛŎƘ ƴƛŎƘǘ Řŀǎ ƳŜƴǎŎƘƭƛŎƘŜ ƻŘŜǊ ƎŀǊ ƛƴŘƛǾƛŘǳŜƭƭŜ 9ǊƪŜƴƴŜƴΦ α{ǳōƧŜƪǘά ƛǎǘ ŀǳŎƘ ŘƛŜ ǎƛŎƘ ƛƴ 
Formen und Gesetzen der Natur widerspiegelnde Ordnung, es ist auch der ordnende sittlich-objektive Geist 
ǎƻǿƛŜ ŘŜǊ ǎƛŎƘ ƛƴ ŘŜƴ ƎŜƻǊŘƴŜǘŜƴ DŜōƛƭŘŜƴ Ǿƻƴ YǳƴǎǘΣ wŜƭƛƎƛƻƴ ǳƴŘ ²ƛǎǎŜƴǎŎƘŀŦǘŜƴ ŘŀǊǎǘŜƭƭŜƴŘŜ αŀōǎƻƭǳǘŜ 
DŜƛǎǘάΦ Das Erkennen des Menschen stellt alle diese Ordnungen nicht her, sondern vollzieht sie begreifend nach. 
Weil diese Logifizierung schon immer geschehen ist, ist das Erkennen kein Formieren eines zuvor Formlosen, wie 
bei Kant, sondern ein Sich-durchsichtig-Werden der als Logos in alle waltenden Bewegung des Begriffes. Der 
.ŜƎǊƛŦŦ ƎŜƭŀƴƎǘ Ȋǳ ŜƛƴŜǊ ŜƛƎŜƴŜƴ ǾƻƭƭŜƴ 5ǳǊŎƘǎƛŎƘǘƛƎƪŜƛǘΣ ƴŀŎƘŘŜƳ ŜǊ ŀƭƭŜǎ ƛƘƳ αŀƴŘŜǊŜά ŘǳǊŎƘŘǊǳƴƎŜƴ ƘŀǘΦ 5ŜǊ 
Weg dieser zunehmenden Selbstdurchdringung ist die sich im Unterschied des wissenden und wissend 
ƘŀƴŘŜƭƴŘŜƴ {Ŝƭōǎǘ ǳƴŘ ǎŜƛƴŜǎ αDŜƎŜƴǎǘŀƴŘŜǎά ǾƻƭƭȊƛŜƘŜƴŘŜƴ .ŜǿŜƎǳƴƎΦ 5ƛŜ 5ŀǊǎǘŜƭƭǳƴƎ ŜōŜƴ ŘƛŜǎŜǎ ²ŜƎŜǎ ƛǎǘ 
die Phänomenologie des Geistes. 
 
Dies genügt, um deutlich zu machen, dass sich Hegels Metaphysik in die Tradition der Logosphilosophie einfügt, 
wenngleich sie den Logos in seiner spezifisch neuzeitlichen, maßgeblich von Kant bestimmten Fassung 
aufnimmt. In diesem Hegel leitenden traditionellem Sinn des Logos liegen aber noch weitere Bestimmungen, die 
auch in der Phänomenolgie wirksam geworden sind. Der Logos bedeutet traditionell nicht nur die Identität von 
Denken und Sein ς neuzeitlich: von Subjektivität und Objektivität -;  er hatte bereits für die Griechen den Sinn 
einer Ordnung, die ς jedenfalls potentiell ς total offenbar, für jeden nachvollziehbar sein muß. Der Logos als 
Gedanke, als Denken, gewährt eben diese Durchsichtigkeit. Der nous ς ŘŜǊ αDŜƛǎǘά ƻŘŜǊ ŘƛŜ α±ŜǊƴǳƴŦǘά ς ist das 
lichtgebende Prinzip, das Denken als noesis die dem Menschen gegebene Möglichkeit eines intuitiven, niemals 
dem Irrtum unterlegenen, ans Licht bringenden Erfassens; der Vollzug des Logos als dianosia ς ŘŜǊ α±ŜǊǎǘŀƴŘά ς 
vollzieht sich als Wissen, das begreift, urteilt, schließt, induziert und deduziert, Definitionen und 
Wesensbestimmung zu geben vermag. Diese Macht des nous und des Logos vollendete sich für die Griechen in 
ŘŜǊ tƘƛƭƻǎƻǇƘƛŜΣ ŘƛŜ ǎƛŎƘ ŀƭǎ αhƴǘƻƭƻƎƛŜά ǾŜǊǎǘŀƴŘΣ ŀƭǎ Ŝƛƴ {ǳŎƘŜƴ ƴŀŎƘ ŘŜƴ ƭŜǘȊǘŜƴ ƪŀǘŜƎƻǊƛŀƭŜƴ .ŜǎǘƛƳƳǳƴƎŜƴ 
des Seienden, wie nach derjenigen des höchsten Seienden, des theos, insofern Ontologie immer zugleich 
Theologie war. Als die wichtigste Kategorie in dieser onto-theologischen Ordnung dachte Aristoteles diejenige 
der ousia, der Substanz, die sich in vielerlei Arten artikulierte, insbesondere als telos. Es ist von grosser 
Wichtigkeit an diese Bestimmung des telos ŜƛƎŜƴǎ Ȋǳ ŜǊƛƴƴŜǊƴΣ ǿŜƛƭ ŘŜǊ DŜŘŀƴƪŜ ŘŜǎ αŜǊǊŜƛŎƘǘŜƴ ½ƛŜƭǎά ƻŘŜǊ ŘŜǎ 
αŜǊŦǸƭƭǘŜƴ ½ǿŜŎƪŜǎάΣ ŘŜǊ ŀƭƭŜǎΣ ǿŀǎ ƛǎǘΣ ǾƻƳ !ƴŦŀƴg her zu sich hinordnet, damit sowohl dem Seienden als 
ǎƻƭŎƘŜƳΣ ǿƛŜ ŘŜƳ ½ǳǎŀƳƳŜƴƘŀƴƎ ŀƭƭŜǎ {ŜƛŜƴŘŜƴΣ ŘŜƳ YƻǎƳƻǎΣ ŜƛƴŜ ōŜǎǘƛƳƳǘŜ !Ǌǘ Ǿƻƴ αbƻǘǿŜƴŘƛƎƪŜƛǘά Ȋǳ 
verleihen vermochte. 
 

Es wird sich zeigen, daß die Phänomenologie Hegels in all den genannten Hinsichten der Logos-Tradition 
verpflichtet geblieben ist, nicht nur in dem Gedanken der Identität von Denken und Sein, sondern vor allem 
darin, daß die Macht des Logos und des nous totale Durchsichtigkeit gewähren muß. Wenn auch in einer durch 
die Geschichte der Philosophie weitgeändert veränderten Form bleibt Hegels Auffassung des Wesens der 
Philosophie onto-theologisch orientiert, und die immer noch kategorial gedachte Ordnung ist auch bei ihm 
ŜƴǘǎŎƘŜƛŘŜƴŘ ōŜǎǘƛƳƳǘ ŘǳǊŎƘ ŘƛŜ YŀǘŜƎƻǊƛŜ ŘŜǊ α{ǳōǎǘŀƴȊάΣ ŘƛŜ ŦǊŜƛƭƛŎƘ selber ς neuzeitlich gedacht ς sich dem 



 

109 
 

ōŜǊŜƛǘǎ ŀƴƎŜŘŜǳǘŜƴŜƴ {ƛƴƴŜ ŀƭǎ α{ǳōƧŜƪǘά ŜǊŦŀǖǘΦ Lƴ ŘŜǊ YŀǘŜƎƻǊƛŜ ŘŜǊ {ǳōǎǘŀƴȊ ŀōŜǊ ǎƛŜƘǘ ŀǳŎƘ IŜƎŜƭ ŘƛŜ 
Bestimmung des telos ǳƴŘ ŘƛŜ ƛƴ ŘŜǊ ǘŜƭŜƻƭƻǎŎƘŜƴ YǊŜƛǎōŜǿŜƎǳƴƎ ƭƛŜƎŜƴŘŜ αbƻǘǿŜƴŘƛƎƪŜƛǘάΣ ŘƛŜ ŦǸǊ ƛƘƴ Řŀǎ 
Ganze der Ordnung beherrscht; diese ist freilich keine am Leitbild des uranos ƎŜŘŀŎƘǘŜ αƪƻǎƳƻƭƻƎƛǎŎƘŜάΣ 
sondern die zum System entfaltete Ordnung des Begriffs. 
 
 

Maupertuis P. 
The general (least-action) principle of nature 

 
όIƛ{ύ ǇΦ нлΥ α¢ƘŜ αƳŜǘŀǇƘȅǎƛŎŀƭ ǇǊƛƴŎƛǇƭŜά ƻŦ aŀǳǇŜǊǘǳƛǎ ƛǎ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ ƴŀǘǳǊŜ ŀƭǿŀȅǎ ƻǇŜǊŀǘŜǎ ǿƛǘƘ ǘƘŜ 
greatest possible economy. For example, in a homogeneous medium, light would take the shortest possible 
path. From this idea he drew the following conclusion, which he stated as his general principle: 
 

If there is some change in nature, the amount of action necessary for this change must be as 
small as possible. 

²Ƙŀǘ ƛǎ ǘƘƛǎ αŀŎǘƛƻƴά ǘƘŀǘ ƴŀǘǳǊŜ ƛǎ ǎǳǇǇƻǎŜŘ ǘƻ ŎƻƴǎǳƳŜ ǎƻ ǘƘǊƛŦǘƛƭȅΚ 
 
We shall define action as the product of distance, velocity, and mass: 
 

ὃὧὸὭέὲὓὥίί ὈὭίὸὥὲὧὩ ὠὩὰέὧὭὸώ. 
 

Moreover, according to Leibniz, the kinetic energy Ὁ is given by the formula 

Ὁ   ὓὥίί  ὠὩὰέὧὭὸώ; 

 
So action has the same physical dimension as ὉὲὩὶὫώ  ὝὭάὩΣ ōŜŎŀǳǎŜ ǾŜƭƻŎƛǘȅ ƛǎ ŘƛǎǘŀƴŎŜ ŘƛǾƛŘŜŘ ōȅ ǘƛƳŜΦ Χ 
!ŎǘǳŀƭƭȅΣ ƻǳǊ ǇǊŜŎŜŘƛƴƎ ǊŜŀǎƻƴƛƴƎ ǘƻ ƳƻǘƛǾŀǘŜ ǘƘƛǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀŎǘƛƻƴ ƛǎ ǘŀƪŜƴ ŦǊƻƳ ƻƴŜ ƻŦ ǘƘŜ [ŜƛōƴƛȊΩǎ ƭŜǘǘŜǊǎ 
(To Bernoulli, March 1696).έ 
 
 

Mijajlovic Z., et.al. 
Regularity varying solutions of Friedman acceleration equation 

 
όaƛ½ύΥ αThe Friedman acceleration equation together with the fluid equation and the Friedman equation (which 
are all just Ordinary Differential Equations determines the expansion scale factor ὸ of the Universe. The 
nature of the solution strongly depends on the sign of the energy density term. In order to explain the expansion 
ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜ ǘƘŜ ŎƻǎƳƻƭƻƎƛŎŀƭ Ŏƻƴǎǘŀƴǘ ƛǎ ŀŘŘŜŘ ό9ƛƴǎǘŜƛƴΩǎ αƎǊǀǎǎǘŜ 9ǎŜƭŜƛάύΦ Lǘ ƛǎ ǿŜƭƭ ƪƴƻǿƴ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ 
significant discrepancies in the prediction of what order should be the value of the cosmological constant. The 
reason may lay in the course tuned asymptotic description of the scale of the acceleration factor ὸ such as  
ὸ ὸ. The theory of regularly varying function provides the means for such an analysis, particularly for 
solutions of the the Friedmann (accelaration) equation.  
 
όaƛ½ύΥ α¢ƘŜ ΨǎǘŀƴŘŀǊŘΩ ƳƻŘŜƭ ƻŦ ŎƻǎƳƻƭƻƎȅ ƛǎ ŦƻǳƴŘŜŘ ƻƴ ǘƘŜ ōŀǎƛǎ ǘƘŀǘ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ǊŀǘŜ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ 
accelerating at present τ as was inferred originally from the Hubble diagram of type Ia supernovae. There 
exists now a much bigger database of supernovae so we can perform rigorous statistical tests to check whether 
ǘƘŜǎŜ ΨǎǘŀƴŘŀǊŘƛǎŀōƭŜ ŎŀƴŘƭŜǎΩ ƛƴŘŜŜŘ ƛƴŘƛŎŀǘŜ ŎƻǎƳƛŎ ŀŎŎŜƭŜǊŀǘƛƻƴΦ ¢ŀƪƛƴƎ ŀŎŎƻǳƴǘ ƻŦ ǘƘŜ ŜƳǇƛǊƛŎŀƭ ǇǊƻŎŜŘǳǊŜ 
by which corrections are made to their absolute magnitudes to allow for the varying shape of the light curve 
and extinction by dust, we find, rather surprisingly, that the data are still quite consistent with a constant rate 
of expansionάΦ 
 
 

Miyamoto K. 
Fundamentals of Plasma Physics and Controlled Fusion  

Charge neutrality and Landau damping 
 
(MiK) p. 1Υ αOne of the fundamental property of plasma is the shielding of the electric potential applied to the 
plasma. When a probe is inserted into a plasma and positive (negative) potential is applied, the probe attracts 
(repulses) electrons and the plasma tends to shield the electric disturbance. 
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(MiK) p. 3: The other fundamental process of plasma is collective phenomena of charged particles. Waves are 
associated with coherent motions of charged particles. When the phase velocity ὺ  of wave or perturbation is 

much larger than the thermal velocity ὺ of charged particles, the wave propagates through the plasma media 
without damping or amplification. However when the refractive index ὔ of plasma media becomes large and 
plasma becomes hot, the phase velocity ὺ ὧȾὔ (ὧ is light velocity) of the wave and the thermal velocity ὺ 

become comparable (ὺ  ͯ ὺ), then the exchange of energy between the wave and the thermal energy of 

plasma is possible. The existence of a damping mechanism of wave was found by L. D. Landau. The process of 
Landau damping involves a direct wave-particle interaction in collisionless plasma without necessity of 
randamizing collision. This process is fundamental mechanism in wave heatings of plasma (wave damping) and 
instabilities (inverse damping of perturbations). 
 
 

Müller O. L. 
Mehr Licht, Goethe mit Newton im Streit um die Farben 

 
όaǸhύ {Φ фΥ α²ŀǎ ǿŅǊŜ ƎŜǎŎƘŜƘŜƴΣ ǿŜƴƴ ǎƛŎƘ bŜǿǘƻƴ ǳƴŘ DƻŜǘƘŜ ŀƴǎ tǊƛǎƳŀ ƎŜǎǘŜƭƭǘ ƘŅǘǘŜƴΣ ǳƳ ȊǳǎŀƳƳŜƴ Ȋǳ 
experimentieren? Diese Frage hält mich seit fünfzehn Jahren auf Trab. Sie hat mein Leben verändert und zu diesem 
Buch geführt. Selbstverständlich habe ich keine definitive Antwort auf die Frage gefunden, doch die tentative 
Vermutung, zu der ich gelangt bin, ist beunruhigend genug: Möglicherweise sähe heute unsere Physik komplett 
anders ausΦά 
 
όaǸhύ {Φ млΥ αDƻŜǘƘŜ ǳƴŘ bŜǿǘƻƴ ǿŀǊŜƴ ŜƛƴŀƴŘŜǊ ƛƴ ƻǇǘƛǎŎƘŜƴ !ƴƎŜƭŜƎŜƴƘŜƛǘŜƴ ŜōŜƴōǸǊǘƛƎΦ {ƛŜ ƘŅǘǘŜƴ ǎƛŎƘ 
gegenseitig ernst nehmen müssen, jeder hätte vom anderen lernen können, und das Ergebnis ihres rationalen 
Gedankenaustauschs zur Optik wäre nicht auszudenken. 
 
Da die naturwissenschaftlich informierte Welt Newton als den rechtmäßigen Gewinner im Streit über das Licht 
und die Farben ansieht, steckt in meiner These eine Provokation: Nicht nur hätte Goethe von Newton viel lernen 
können (geschenkt, geschenkt), sondern Newton auch von Goethe ς und zwar, wie gesagt, in seinem ureigensten 
Metier, in der Optik. Goethe hat dort eine faszinierende Symmetrie entdeckt, die Newtons Argusaugen entgangen 
war und die das gesamten Reich der newtonischen Experimente verdoppelt. Hier in modernen Worten eine erste 
grobe Fassung dessen, worauf Goethes Entdeckung hinausläuft: Man nehme die Farbfotografie eines beliebigen 
Experiments von Newton; dann kann man auch das Negativ dieses Fotos als Bild eines Experimentes deuten ς und 
zwar eines Experiments, das wirklich so ausgeht, wie das Negativ zeigt. Jedes Experiment Newtons hat also ein 
komplementäres Gegenstück (das bei Newton und an unseren Schulen unter den Tisch fällt). Das Gegenstück 
entsteht aus dem ursprünglichen Experiment durch Umkehrung der Beleuchtung ς durch Vertauschung der Rollen 
von Licht und Dunkelheit. Daher rede ich oft von einer Symmetrie zwischen Helligkeit und Finsternis. Diese 
Symmetrie ist bis heute nicht recht gewürdigt worden; vermutlich hat man sie noch nicht einmal richtig 
verstanden. Beides möchte ich mit meinem Buch ändern. Und da gutes Verständnis vor jeder Würdigung kommt, 
werde ich alles tun, um Ihnen Goethes Entdeckung Schritt für Schritt zu erklären. Irgendwelche besonderen 
Vorkenntnisse werden Sie für meinŜƴ DŜŘŀƴƪŜƴƎŀƴƎ ƴƛŎƘǘ ōǊŀǳŎƘŜƴάΦ 

 
 

Nagel Th. 
Mind & Cosmos 

 
(NaT) p. 14: Antireductionism and the Natural Order 
αWe and other creatures with mental lives are organisms, and our mental capacities apparently depend on our 
physical constitution. So what explains the existence of organisms like us must also explain the existence of 
ƳƛƴŘΦ Χ LŦ ŜǾƻƭǳǘƛƻƴŀǊȅ ōƛƻƭƻƎȅ ƛǎ ŀ ǇƘysical theory ς as it is generally taken to be ς then it cannot account for 
the appearance of consciousness and of other phenomena that are not physically reducible. So if mind is a 
product of biological evolution ς if organisms with mental life are not miraculous anomalies but integral part of 
nature ς then biology cannot be a purely physical science. The possibility opens up of  pervasive conception of 
the natural order very different from materialism ς one that makes mind central, rather than a side effect of 
ǇƘȅǎƛŎŀƭ ƭŀǿάΦ 
 
(NaT) p. 55: Consciousness  
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αThe existence of consciousness is both one of the most familar and one of the most astounding things about 
the world. No conception about natural order than does not reveal it as something to be expected can expire 
even to the outline of completeness. And if physical science, whatever it may have to say about the origin of life, 
leaves us necessarily in the dark about consciousness, that shows that it cannot provide the basic form of 
intelligibility for this world. There must be a very different way in which things as they are make sense, and that 
ƛƴŎƭǳŘŜǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǿƻǊƭŘ ƛǎΣ ǎƛƴŎŜ ǘƘŜ ǇǊƻōƭŜƳ Ŏŀƴƴƻǘ ōŜ ǉǳŀǊŀƴǘƛƴŜŘ ƛƴ ǘƘŜ ƳƛƴŘΦά 
 
(NaT) p. 92: Cognition 
αThe teleology I want to consider would be an explanation not only of the appearence of physical organisms but 
of the development of consciousness and ultimately of reason in those organisms. But its form can be described 
even if we stay at the physical level. Natural teleology would require two things. First, that the nonteleological 
and timeless laws of physics -  those governing the ultimate elements of the physical universe, whatever they 
are ς are not fully deterministic. Given the physical state of the universe at any moment, the laws of physics 
would have to leave open a range of alternative successor states, presumably with a probability distribution 
over them. 
 
Second, among those possible futures there will be some that are more elegible than others are possible steps 
on the way to the formation of more complex systems, and ultimately of the kinds of replicating systems 
characteristic of life. The existence of teleology requires that successor states in this subset have a significantly 
higher probability that is entailed by the laws of physics alone ς simply because they are on the path toward a 
certain outcome. Teleological laws would assign higher probability to steps on the paths in the state space that 
ƘŀǾŜ ƘƛƎƘŜǊ αǾŜƭƻŎƛǘȅά ǘƻǿŀǊŘ ŎŜǊǘŀƛƴ ƻǳǘŎƻƳŜǎΦ ¢ƘŜȅ ǿƻǳƭŘ ōŜ ƭŀǿǎ ƻŦ ǘƘŜ ǎŜƭŦ-organization of matter, 
essentially ς ƻǊ ǿƘŀǘŜǾŜǊ ƛǎ ƳƻǊŜ ōŀǎƛŎ ǘƘŀƴ ƳŀǘǘŜǊΦά 
 
 

Neuenschander D. E. 
9ƳƳȅ bƻŜǘƘŜǊΩǎ ǿƻƴŘŜǊŦǳƭ ǘƘŜƻǊŜƳ 

Symmetry, invariance, and conservation laws 
 

όbŜ5ύ ǇǇΦ мΣ пΥ αThe conservation principles of energy, linear momentum, angular momentum, and electric 
ŎƘŀǊƎŜ ŀǊŜ ŀƳƻƴƎ ǘƘŜ Ƴƻǎǘ ŦǳƴŘŀƳŜƴǘŀƭ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǇƘȅǎƛŎǎΦ Χ α/ƻƴǎŜǊǾŀǘƛƻƴά ŀǎ ƛƴ αŎƻƴǎŜǊǾŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅά 
ƛǎ ƴƻǘ ǘƘŜ ǎŀƳŜ ŀǎ αƛƴǾŀǊƛŀƴǘάΦ ¢ƘŜȅ ŀǊŜ ǊŜƭŀǘŜŘΣ ΧΣ ōǳǘ ǘƘŜȅ ŀǊŜ ƴƻǘ ǎȅƴƻƴȅƳƻǳǎΦ ¢ƘŜ ƳƻƳŜƴtum or energy of a 
system of particles may be conserved but not necessarily invariant. For example, imagine one billiard table, 
prior to the collision one ball moves and the other sits at rest, and the momentum of the system is nonzero. But 
in the center-of-Ƴŀǎǎ ǊŜŦŜǊŜƴŎŜ ŦǊŀƳŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ǘƻǘŀƭ ƳƻƳŜƴǘǳƳ ǎǳƳǎ ǘƻ ȊŜǊƻ ōŜŎŀǳǎŜ ǘƘŜ ōŀƭƭǎ ŀǇǇǊƻŀŎƘ 
one another with opposite momentum. In both frames, the collision is analyzed using conservation of 
momentum within that frame. The table frame sees nonzero momentum, but the center-of-mass frame sees 
zero momentum. Momentum is conserved within each frame but is not invariant between these two frames. 
αLƴǾŀǊƛŀƴǘά ƳŜŀƴǎ ǘƘŀǘ ŀ ǉǳŀƴǘƛǘȅΩǎ ƴǳƳŜǊƛŎŀƭ ǾŀƭǳŜ ƛǎ ƴƻǘ ŀƭǘŜǊŜŘ ōȅ ŀ ŎƻƻǊŘƛƴŀǘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΦ α/ƻƴǎŜǊǾŜŘάΣ 
in contrast, means that within a given coordinate system the quantity does not change throughout a process. 
αLƴǾŀǊƛŀƴǘά ŎƻƳǇŀǊŜǎ ŀ ǉǳŀƴǘƛǘȅ ōŜǘǿŜŜƴ ǊŜŦŜǊŜƴŎŜ ŦǊŀƳŜǎΦ α/ƻƴǎŜǊǾŀǘƛƻƴά ŎƻƳǇŀǊŜǎ ǘƘŜ ǉǳŀƴǘƛǘȅ ōŜŦƻǊŜ ŀƴŘ 
ŀŦǘŜǊ Ŏƻƭƭƛǎƛƻƴ ƻǊ ǊŜŀŎǘƛƻƴ ƻǊ ǇǊƻŎŜǎǎ ǿƛǘƘƛƴ ŀ ǊŜŦŜǊŜƴŎŜ ŦǊŀƳŜΦ bƻŜǘƘŜǊΩǎ ǘƘŜƻǊŜƳ ǊŜƭŀǘŜǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ǘƻ 
invariance, and thus to symmetry. 
 
We will see that conservation of energy, conservation of linear momentum, and conservation of angular 
momentum are related to invariance under time translations, space translations, and rotations, respectively. 
These invariances, signify underlying symmetries: the homogeneity of time, the homogeneity of space, and the 
isotropy of space. The conservation of electric charƎŜ ŜƳŜǊƎŜǎ ŦǊƻƳ ŀ ƳƻǊŜ ŀōǎǘǊŀŎǘ ǎȅƳƳŜǘǊȅ ŎŀƭƭŜŘ αƎŀǳƎŜ 
ƛƴǾŀǊƛŀƴŎŜάΦ Χ ¢ƘŜ ƛƴǾŀǊƛŀƴǘ ǉǳŀƴǘƛǘƛŜǎ ƛƴ ǘƘŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ƭŀǿǎ ƻŦ ƳŜŎƘŀƴƛŎǎ ŀƴŘ ŜƭŜŎǘǊƻŘȅƴŀmics are called 
αŦǳƴŎǘƛƻƴŀƭǎάΦ 
 
(NeD) p. 194: αǘƘŜǊŜ ƛǎ ƴƻ Ŏƻƴǘƛƴǳƻǳǎ ƛƴŦƛƴƛǘŜǎƛƳŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ŦƻǊ ŎƘŀǊƎŜ ŎƻƴƧǳƎŀǘƛƻƴΦ bƻ ǎǘŀǘŜǎ ŜȄƛǎǘ ǘƘŀǘ 
carry charge values in a continuum from the -e electric charge of an electron to the +e of the positron, or 
between the Ὅ ρȾς ƛǎƻǎǇƛƴ ŜƛƎŜƴǾŀƭǳŜǎΦ Iƻǿ Řƻ ǿŜ ŘŜŦƛƴŜ ƛƴǾŀǊƛŀƴŎŜ ŦƻǊ ŘƛǎŎǊŜǘŜ ǎȅƳƳŜǘǊƛŜǎΚά  
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Nietzsche F.  
Nietzsche, Biographie seines Denken 

Das Schopenhauer-Erlebnis 
 

(SaR) S. 38: αIn der ein halbes Jahrzehnt später verfaßten Abhandlung über Schopenhauer spricht Nietsche 
deutlich aus, daß ihm Schopenhauer nicht nur ein Lehrer, sondern vor allem ein Erzieher gewesen ist. Den 
wahren Erzieher definiert er dort als Befreier der einer jungen Seele dabei hilft, das Grundgesetz des 
eigentlichen Selbst zu entdecken. Der Befreier ist auch ein Erwecker, und wie erweckungsbedürftig und 
erweckungsbereit der junge Nietsche zum Zeitpunkt seiner ersten Begegnung mit dem Werk Schopenhauers 
ƎŜǿŜǎŜƴ ƛǎǘΣ ǎŎƘƛƭŘŜǊǘ ŜǊ мутн ƛƴ ŘŜƳ ŦǸƴŦǘŜƴ ǎŜƛƴŜǊ ±ƻǊǘǊŅƎŜ α«ōŜǊ ŘƛŜ ½ǳƪǳƴŦǘ ǳƴǎŜǊŜǊ .ƛƭŘǳƴƎǎŀƴǎǘŀƭǘŜƴάΦ 5ŜǊ 
Student, so resümiert er in eigener Erfahrung, lebt scheinbar frei und unabhängig und kommt sich vor wie in 
einem Traum, wenn man glaubt fliegen zu können, aber doch durch unerklärliche Hindernisse sich 
zurückgezogen fühlt. Er merkt, daß er sich selbst nicht führen, sich selbst nicht helfen kann. Zwar wachsen in 
ihm stolze und edle Entschlüsse, aber es fehlt ihnen die Duchsetzungskraft. So taucht er sich hoffnungsarm in 
die Welt der Tagesarbeit, wovor es ihm nach einer kleinen Weile graut: er will nicht so früh in enger kleinlicher 
Fachmäßigkeit versinken. Aber dies müßte sein Schicksal sein, wenn es an dem Mangel eines Führers zur 
Bildung bliebe. Für Nietsche war Schopenhauer ein solcher Führer, von dem jene Wirkung ausging, die er von 
einem wahren Philosophen erwartete, nämlich, daß man ihm gehorchen könnte, weil man ihm mehr vertrauen 
würde als sich selbst. Solches Vertrauen muß nicht die Zustimmung zu den Lehren im einzelnen bedeuten. Die 
persönliche Glaubwürdigkeit ist ihm wichtiger als der Sachgehalt der Lehre. Deshalb bliebt das Vertrauen zu 
Schopenhauer auch erhalten, nachdem sich bei einer zweiten, kritischen Lektüre einige Zweifel und Einwände 
ergeben haben. 
 
Diese zweite Lektüre war beeinflußt durch ein anderes großes Leseerlebnis dieser Jahre: Friedrich Albert Langes 
αDŜǎŎƘƛŎƘǘŜ ŘŜǎ aŀǘŜǊƛŀƭƛǎƳǳǎάΣ Ŝƛƴ ŘŀƳŀƭǎ ǿƛǊƪǳƴƎǎƳŅŎƘǘƛƎŜǊ ±ŜǊǎǳŎƘΣ ƳŀǘŜǊƛŀƭƛǎǘƛǎŎƘŜǎ ǳƴŘ ƛŘŜŀƭƛǎǘƛǎŎƘŜǎ 
Denken miteinander zu verbinden. Durch Lange hatte Nietsche die Erkenntiskritik Kants, den antiken und den 
modernen Materialismus, den Darwinismus und die Grundzüge der neueren Naturwissenschaften 
kennengelernt, und mit einer geschärften Aufmerksamkeit entdeckte er nun einige theoretische Bruchstellen in 
{ŎƘƻǇŜƴƘŀǳŜǊǎ {ȅǎǘŜƳΦ aŀƴ ŘǸǊŦǘŜΣ ǎƻ ƴƻǘƛŜǊǘŜ ŜǊΣ ǾƻƳ ǳƴŜǊƪŜƴƴōŀǊŜƴ α5ƛƴƎ ŀƴ ǎƛŎƘά ƪŜƛƴŜ !ǳǎǎŀƎŜƴ ƳŀŎƘŜƴΣ 
auch nicht die, daß alle Prädikate der erscheinenden Welt ς wie Raum, Zeit, Kausalität ς ŘƛŜǎŜƳ α5ƛƴƎ ŀƴ ǎƛŎƘά 
entzogen werden müßten. Das Unerkennbare darf nicht zum Negativbild des Erkennbaren umgedeutet werden, 
denn auch mit der Logik des Gegensatzes werden Bestimmungen der erkennbaren Welt fälschlich ins 
¦ƴōŜǎǘƛƳƳōŀǊŜ ƘƛƴŜƛƴƎŜǘǊŀƎŜƴΦ {ŎƘƻƴ ƎŀǊ ƴƛŎƘǘ ŘǸǊŦŜ Ƴŀƴ Řŀǎ α5ƛƴƎ ŀƴ ǎƛŎƘά ŀƭǎ ²ƛƭƭe interpretieren, was eine 
ǾƛŜƭ Ȋǳ ōŜǎǘƛƳƳǘŜ !ǳǎǎŀƎŜ ǸōŜǊ Řŀǎ ǳƴōŜǎǘƛƳƳōŀǊŜ ²ŜǎŜƴ ŘŜǊ ²Ŝƭǘ ǎŜƛΦ 5ŀǖ ŘŜǊ α²ƛƭƭŜά ŜƛƴŜ ŜƭŜƳŜƴǘŀǊŜΣ 
ǾƛŜƭƭŜƛŎƘǘ ǎƻƎŀǊ ŘƛŜ ǇǊƛƳŅǊŜ [ŜōŜƴǎƳŀŎƘǘ ƛǎǘΣ Řŀǎ ƭŜǳŎƘǘŜǘ ƛƘƳ ȊǿŀǊ ŜƛƴΣ ŀōŜǊ ŜǊ ƪǊƛǘƛǎƛŜǊǘΣ Řŀǖ Ƴŀƴ ŘŜƴ α²ƛƭƭŜƴά 
jenen kategorƛŀƭŜƴ hǊǘ ŜƛƴƴŜƘƳŜƴ ƭŅǖǘΣ ŘŜƴ Yŀƴǘ ŦǸǊ Řŀǎ α5ƛƴƎ ŀƴ ǎƛŎƘά ŦǊŜƛƎŜƘŀƭǘŜƴ ƘŀǘΦά 
 
(RuB1) p. 728: αbƛŜǘȊǎŎƘŜ όмупп-1900) regarded himself, rightly, as the successor of Schopenhauer, to whom, 
however, he is superior in many ways, particularly in the consistency and coherence of his doctrine. 
{ŎƘƻǇŜƴƘŀǳŜǊΩǎ ƻǊƛŜƴǘŀƭ ŜǘƘƛŎǎ ƻŦ ǊŜǳƴŎƛŀǘƛƻƴ ǎŜŜƳǎ ƻǳǘ ƻŦ ƘŀǊƳƻƴȅ ǿƛǘƘ Ƙƛǎ ƳŜǘŀǇƘȅǎƛŎǎ ƻŦ ǘƘŜ ƻƳƴƛǇƻǘŜƴŎŜ ƻŦ 
will; in Nietzsche, the will has ethical as well as metaphysical primacy.ά 
 
(RuB1) p. 734: αbŜǾŜǊǘƘŜƭŜǎǎ ǘƘŜǊŜ ƛǎ ŀ ƎǊŜŀǘ ŘŜŀƭ ƛƴ ƘƛƳ ǘƘŀǘ Ƴǳǎǘ ŘƛǎƳƛǎǎŜŘ ŀǎ ƳŜǊŜƭȅ ƳŜƎŀƭƻƳŀƴƛŀŎΦ 
Speaking of Spinoza he sŀȅǎΥ αIƻǿ ƳǳŎƘ ƻŦ ǇŜǊǎƻƴŀƭ ǘƛƳƛŘƛǘȅ ŀƴŘ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŘƻŜǎ ǘƘƛǎ ƳŀǎǉǳŜǊŀŘŜ ƻŦ ŀ ǎƛŎƪƭȅ 
ǊŜŎƭǳǎŜ ōŜǘǊŀȅΗά 9ȄŀŎǘƭȅ ǘƘŜ ǎŀƳŜ Ƴŀȅ ōŜ ǎŀƛŘ ƻŦ ƘƛƳΣ ǿƛǘƘ ǘƘŜ ƭŜǎǎ ǊŜƭǳŎǘŀƴŎŜ ǎƛƴŎŜ ƘŜ Ƙŀǎ ƴƻǘ ƘŜǎƛǘŀǘŜŘ ǘƻ ǎŀȅ 
it of Spinoza. It is obvious that in his day-dreams he is a warrior, not a professor; all the men he admires were 
ƳƛƭƛǘŀǊȅΦ Iƛǎ ƻǇƛƴƛƻƴ ƻŦ ǿƻƳŀƴΣ ƭƛƪŜ ŜǾŜǊȅ ƳŀƴΩǎΣ ƛǎ ŀƴ ƻōƧŜŎǘƛŦƛŎŀǘƛƻƴ ƻŦ Ƙƛǎ ƻǿƴ ŜƳƻtion of women towards to 
ǘƘŜƳΣ ǿƘƛŎƘ ƛǎ ƻōǾƛƻǳǎƭȅ ƻƴŜ ƻŦ ŦŜŀǊΦ αCƻǊƎŜǘ ƴƻǘ ǘƘŜ ǿƘƛǇά ς but nine women out of ten would get the whip 
away from him, and he knew it, so he kept away from women, and soothed his wounded vanity with unkind 
ǊŜƳŀǊƪǎΦά 
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Penrose R. 
¢ƘŜ ŜƳǇŜǊƻǊΩǎ ƴŜǿ ƳƛƴŘ 

 
(PeR) p. 444:  
 

 
 

How do nerve signals works? 
 
(PeR) p. 506 α²ƘŜƴ ŀ ǎƛƎƴŀƭ ǊŜŀŎƘŜǎ ŀ ǎȅƴŀǇǘƛŎ ƪƴƻōΣ ƛǘ ŜƳƛǘǎ ŀ ŎƘŜƳƛŎŀƭ ǎǳōǎǘŀƴŎŜ ƪƴƻǿƴ ŀǎ ŀ ƴŜǳǊƻǘǊŀƴǎƳƛǘǘŜǊΦ 
This substance travels across the synaptic cleft to another neuro ς either at a point on one of its dendrites or on 
the soma itself. Now some neurons have synaptic knobs which emit a neurotransmitter chemical with a tendency 
to encourage th:Ŝ ǎƻƳŀ ƻŦ ǘƘŜ ƴŜȄǘ ƴŜǳǊƻƴ ǘƻ αŦƛǊŜάΣ ƛΦŜΦ ǘƻ ƛƴƛǘƛŀǘŜ ŀ ƴŜǿ ǎƛƎƴŀƭ ƻǳǘ ŀƭƻƴƎ ƛǘǎ ŀȄƻƴΦ ¢ƘŜǎŜ ǎȅƴŀǇǎŜǎ 
are called excitatory. Others tend to discourage the next neuron from firing and are called inhibitory. The total 
effect of the excitatory synapses which are active at any moment is added up, and the total of the active inhibitory 
ones substracted from this, and if the net result reaches a certain critical threshold, the next neuron is indeed 
induced to fire. (The excitatory ones cause positive electrical potential difference between the inside and the 
outside of the next neuron and the inhibitory ones cause a negative potential difference. These potential 
differences add up appropriately. The neuron will fire when this potential differences reaches a critical level on 
ǘƘŜ ŀǘǘŀŎƘŜŘ ŀȄƻƴΣ ǎƻ ǘƘŀǘ ǘƘŜ ǇƻǘŀǎǎƛǳƳ ŎŀƴΩǘ Ǝƻǘ ƻǳǘ Ŧŀǎǘ ŜƴƻǳƎƘ ǘƻ ǊŜǎǘƻǊŜ ŜǉǳƛƭƛōǊƛǳƳύ Φά 
 
 

Penrose R. 
The road to reality 

5ƛǊŀŎΩǎ Ǌƻǳǘe to the positron 
 

όtŜwпύ ǇΦ сннΥ  αbƻǘ ƻƴƭȅ ƛǎ ǘƘŜ ŜƭŜŎǘǊƻƴΩǎ ŎƘŀǊƎŜŘ-ǇŀǊǘƛŎƭŜ ōŜƘŀǾƛƻǳǊ ŎƻǊǊŜŎǘƭȅ ŘŜǎŎǊƛōŜŘΤ ƛƴ ŀŘŘƛǘƛƻƴ 5ƛǊŀŎΩǎ 
electron responds in accordance with its possessing a magnetic moment of very little specific amout, namely  

ὩȾτ‘ὧ, where Ὡ ƛǎ ǘƘŜ ŜƭŜŎǘǊƻƴΩǎ ŎƘŀǊƎŜ ŀƴŘ ‘ is its massΦά  

όtŜwпύ ǇΦ сноΥ α¢ƘŜǊŜ ƛǎ ŀ ǎǘǊƻƴƎ ǇƘȅǎƛŎŀƭ ƴŜŜŘ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƻƴΩǎ ǘǿƻ ǎǇƛƴ ǎǘŀǘŜǎΦ LƴŘŜŜŘΣ ǘƘŜ ǾŜǊȅ ǎǳōƧŜŎǘ ƻŦ 
chemistry, as we know it, depends upon this. In an atom, the electrons sourrounding the nucleus are 
constrained to orbit the nucleus in particular states known ŀǎ αƻǊōƛǘŀƭǎάΦ .ȅ tŀǳƭƛΩǎ ŜȄŎƭǳǎƛƻƴ ǇǊƛƴŎƛǇƭŜΣ ƛǘ ǿƻuld 
seem that each electron orbital can be occupied by no more than one electron, yet we find that a second 
electron is always allowed in each of the orbitals. The pair of them can coexist and still satisfy the exclusion 
principle because their states are not identical but have opposite spins. There can be no more than two 
electrons in any one orbital, however, because there are only two independent spin states for the electron. The 
ŎƘŜƳƛŎŀƭ ƴƻǘƛƻƴ ƻŦ αŎƻǾŀƭŜƴǘ ōƻƴŘά ŘŜǇŜƴŘǎ ǳǇƻƴ ǘƘŜ ǎŀƳŜ ǇƘŜƴƻƳŜƴƻƴΣ ǘǿƻ ǎƘŀǊŜd electrons seeming to 
coexist in the same state, because their spins are oppositeΦά 
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Penrose R. 
The road to reality 

The electroweak symmetry group 
 

(PeR4) p. 641: In the standard model the weak and the electromagnetic interactions are unified in what is 
called electroweak theory, where there is a special symmetry related to ὡ ȟὡ ȟὤ , and the photon , 
according to the groups ὛὟς Ὗρ or, more correctly, Ὗς, (*). 
 

(*) (PeR4) p. 654: The group might be expressed as ὛὟς ὟρȾὤ, where the ᴂȾὤᴂ ƳŜŀƴǎ αŦŀŎǘƻǊ ƻǳǘ ōȅ ŀ  ὤ 
ǎǳōƎǊƻǳǇάΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ǎǳŎƘ ǎǳōƎǊƻǳǇΣ ǎƻ ǘƘƛǎ ƴƻǘŀǘƛƻƴ ƛǎ ƴƻǘ Ŧǳƭƭȅ ŜȄǇƭƛŎƛǘΦ ¢ƘŜ ƴƻǘŀǘƛƻƴ ᴂὟςᴂ 
automatically picks out the correct one. (I am grateful to Florence Tsou for this observation.) It seems that the reason 
that the electroweak symmetry group is not conventionally referred to as ᴂὟςᴂ is that this does not easily extend to 
the symmetry of the full standard model, which also incorporates the strong symmetry group ὛὟσ, the full group 
being a version ὛὟσ ὛὟς ὟρȾὤ. 

 
 

Peskin M. 
The Parton Model of Hadron Structure 

 
όtŜaύ ǇΦ птоΥ αWhich particular quantum field theories describe the interactions of elementary paricles? 
 
Since the mid-1970s, most high-energy physicists have agreed that the elementary particles that make up 
matter are a set of fermions, interacting primarily through the exchange of vector bosons. The elementary 
fermions include the leptons (the electron, its heavy counterparts ‘ and †, and n neutral, almost massless 
neutrino corresponding to each of these species), and the quarks, whose bound states form the particles with 
nuclear interactions, mesons and baryons (collectively called hadrons). These fermions interact through three 
forces: the strong, the weak, and the electromagnetic interactions. Of these, the strong interaction is 
responsible for nuclear binding and the interactions of constituents of nuclei, while the weak interaction is 
responsible for the radioactive beta decay processes. The electromagnetic interaction is the familar Quantum 
Electrodynamics, coupled minimally to all charged quarks and leptons. It is not clear that these three forces 
suffice to explain the most subtle properties of the elementary fermions, but these three forces are certainly the 
most prominent. All three are now understood to be mediated by the exchange of vector bosonsΦά 
 
(PeM) p.  474 ff: αIƻǿ Ŏŀƴ ŀ ƳƻŘŜƭ ƻŦ ƴƻƴƛƴǘŜǊŀŎǘƛƴƎ ǉǳŀǊƪǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ŀ ŦƻǊŎŜ ǘƘŀǘΣ ǳƴŘŜǊ ƻǘƘŜǊ 
circumstances, is extremely strong? 
 
In fact, there are many circumstances in the study of the strong interaction at high energy in which this force 
has unexpectedly weak effect. Historically, the first of these appeared in proton-proton collisions. At high 
energy, above 10GeV or so in the center of mass, collisions of protons (or any other hadrons) product large 
number of pions. One might have imagined that these pions would fill all of the allowed phase space, but, in 
fact, they are mainly produed with momenta almost collinear with the collision axis. The probability of 
producing a pion with a large component of momentum transverse to the collision axis falls off exponentially in 
the value of this transverse momentum, suppressing the production substancially for transverse momenta 
greater than a few hundered MeV. 
 
This phenomenon of limited transverse momentum led to a picture of a hadron as a loosly bound assemblage of 
many components. In this picture, a proton struck by another proton would be torn into a cloud of pieces. These 
pieces would have momenta roughly collinear with the original momentum of the proton and would eventually 
reform into hadrons moving along the collision axis. By hypothesis, these pieces could not absorb a large 
momentum transfer. We can characterize this hypothesis mathematically as follows: In a high-energy collison, 
the momenta of the two initial hadrons are almost lightlike. The scattered pieces of the hadrons, arrayed along 
the collision axis, also have lightlike momenta parallel to the original momentum vectors. This final state can be 
produced by exchanging momenta ή among other pieces in such a way that, though the components of ή might 
be large, the invariant ή is always small. The ejection of a hadron at large transverse momentum would 
require large (spacelike) ή, but such a process was very rare. Thus it was hypothesized that hadrons were loose 
clouds of constituents., like jelly, which could not absorb a large ήΦά 
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Planck M. 
The dynamical and the statistical type of law 

 
 (PlM) S. 90: αΧ !ǳŎƘ ŘƛŜ tƘȅǎƛƪ ƘŀǘΣ ǿƛŜ ǎŎƘƻƴ lange vorher die sozialen Wissenschaften, die hohe Bedeutung 
einer von der rein kausalen gänzlich verschiedenen Betrachtungsweise kennengelernt und hat dieselbe seit etwa 
der Mitte des vorigen Jahrhunderts mit immer steigendem Erfolge angewendet; es ist dies die statistische 
Methode, mit deren Ausbildung die ganze neuere Entwicklung der theoretischen Physik aufs engste 
zusammenhängt. Statt den zur Zeit noch völlig im Dunkeln liegenden dynamischen Gesetzen eines 
Einzelvorganges ohne eine Aussicht auf greifbaren Erfolg nachzuforschen, werden zunächst einmal nur die an 
einer großen Zahl von Einzelvorgangen einer bestimmten Art gemachten Beobachtungen zusammengestellt und 
aus ihnen Durchschnitts- oder Mittelwerte gebildet. Für diese Mittelwerte ergeben sich dann je nach den 
besonderen Umstanden des Falles gewisse erfahrungsmäßige Regeln, und die so gewonnenen Regeln gestatten, 
allerdings niemals mit absoluter Sicherheit, aber doch mit einer Wahrscheinlichkeit, die sehr häufig der 
Gewißheit praktisch gleichkommt, den Ablauf auch zukünftiger Vorgänge im voraus anzugeben, zwar nicht in 
allen Einzelheiten, wohl aber - und darauf kommt es bei den Anwendungen oft gerade am meisten an - in ihrem 
durchschnittlichen Verlauf Χ 
 
Χ Immerhin erhellt aus der geschilderten Sachlage wohl hinreichend deutlich die überaus hohe Bedeutung, 
welche die Durchführung einer sorgfältigen und grundsatzlichen Trennung der beiden besprochenen Arten von 
Gesetzmaßigkeit: der dynamischen, streng kausalen, und der lediglich statistischen, für das Verständnis des 
eigentlichen Wesens jeglicher naturwissenschaftlichen Erkenntnis besitztάΦ 
 

 
Poluyan P. 

Non-standard analysis of non-classical motion 
do the hyperreal numbers exist in the quantum-relative universe? 

 
(PoP): αIn Einstein´s theory the rule of speed addition is used, when adding units does not lead to endless 
increase of the sum, it is limited by the maximum velocity-of-light limit. But in this case the matter is not in the 
breaking up of the Eudocks-Archimedean axiom, but in the special features of Lorentz transformations, actual 
for pseudo-Euclidean continuum of space-time. Obviously, it can be admitted, that the analogical rule of 
addition will work when dealing with simple quantities, such as the length or the time space. But still, it is not 
clear why we must limit the endless space with some set of radius, to which the sum of the added quantities 
would aspire. The prospect law exists, but we do understand that lessening of length within the distance is the 
optic illusion, but not the characteristic of the spacial metrics. 
 
Now let us stake the quantum mechanics. It is known, that the so-ŎŀƭƭŜŘ αǳƭǘǊŀ-violet-ŎŀǘŀǎǘǊƻǇƘŜά ǿŀǎ ǘƘŜ 
direct consequence from the formulae of the classical mathematical analysis ς for the balance of radiation in 
the field of high frequencies the result was endless quantity of energy. But the way out was found not in the 
modification of mathematical principles, but in realizing experimential data: Max Planck´s hypothesis put the 
limit to the endless energy subdivision Ὁ Ὤ’ appered to be non-divided. And at the moment the clinical 
ŦƻǊƳǳƭŀŜ ƻŦ ŀƴŀƭȅǎƛǎ ōŜƛƴƎ ǳǎŜŘΣ ŀƴŘ ǿƘŀǘ ŎƻƴŎŜǊƴǎ ŀƭƭ αŘƛǎǘǳǊōƛƴƎά ƳƻŘŜǊƴ ǇƘȅǎƛŎ-theoretic learnt as Richard 
CŜȅƴƳŀƴ ǎŀƛŘΣ ǘƻ αǎǿŜŜǇ ǘƘŜƳ ǳƴŘŜǊ ǘƘŜ ǊǳƎάΦ 
 
There is no absolute motion, two points can be move only with regard to each other. If we take one of them for 
standard point, we believe it is stable, and the second one moves with regard to the first one. And vice versa: we 
can take the second moving point for the stable starting point and consider the first one to be moving. The 
notion of motion quite naturally and necessarily requires the principle of relativity as the distance change 
between these two points BETWEEN THEM with some time. Sketchily the principle of relativity is explained with 
the example of two points A and C. We take one of them for the starting point, the other moves with regards to 
the starting point, and vice versa. Let us imagine, in space there are two points (mathematically size less), 
ǎŜǇŀǊŀǘŜŘ ōȅ ǎƻƳŜ ŘƛǎǘŀƴŎŜΦ bƻǿ ƭŜǘ ǳǎ ǘǊȅ ǘƻ ƛƳŀƎƛƴŜ ǘƘŀǘ ǘƘŜ ŘƛǎǘŀƴŎŜ ŎƘŀƴƎŜǎΧ .ǳǘ Ƙƻǿ Ŏŀƴ ǿŜ check this 
αŎƘŀƴƎŜάΚ Henri Poincare, illustrating these cases, made the imaginary experience- he asked: what would 
happen if the distance between the two points becomes twice bigger? And he answered: the world would not 
notice it. I think it is clear. To be able to speak of the change of the distance between two points, there must be 
one more point which would be stable with regard to one of the two given pointsάΦ 
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Robitaille P.-M. 
Fourty lines of evidence for condensed matter 

The Sun on trial, Liquid metallic hydrogen as a solar building block 
 
όwƻtύΥ αOur Sun has confronted humanity with overwhelming evidence that it is comprised of condensed matter. 
Dismissing this reality, the standard solar models continue to be anchored on the gaseous plasma. In large 
measure, the endurance of these theories can be attributed to 1) the mathematical elegance of the equations 
for the gaseous state, 2) the apparent success of the mass-luminosity relationship, and 3) the long-lasting 
influence of leading proponents of these models. Unfortunately, no direct physical finding supports the notion 
that the solar body is gaseous. Without exception, all observations are most easily explained by recognizing that 
the Sun is primarily comprised of condensed matter. However, when a physical characteristic points to 
condensed matter, a postori arguments are invoked to account for the behavior using the gaseous state. In 
isolation, many of these treatments appear plausible. As a result, the gaseous models continue to be accepted. 
There seems to be an overarching belief in solar science that the problems with the gaseous models are few and 
inconsequential. In reality, they are numerous and, while often subtle, they are sometimes daunting. The 
gaseous equations of state have introduced far more dilemmas than they have solved. Many of the conclusions 
derived from these approaches are likely to have led solar physics down unproductive avenues, as deductions 
have been accepted which bear little or no relationship to the actual nature of the Sun. It could be argued that, 
for more than 100 years, the gaseous models have prevented mankind from making real progress relative to 
understanding the Sun and the universe. Hence, the Sun is now placed on trial. Forty lines of evidence will be 
presented that the solar body is comprised of, and surǊƻǳƴŘŜŘ ōȅΣ ŎƻƴŘŜƴǎŜŘ ƳŀǘǘŜǊΦ ¢ƘŜǎŜ ΨǇǊƻƻŦǎΩ Ŏŀƴ ōŜ 
divided into seven broad categories: 1) Planckian, 2) spectroscopic, 3) structural, 4) dynamic, 5) helioseismic, 6) 
elemental, and 7) earthly. Collectively, these lines of evidence provide a systematic challenge to the gaseous 
models of the Sun and expose the many hurdles faced by modern approaches. Observational astronomy and 
laboratory physics have remained unable to properly justify claims that the solar body must be gaseous. At the 
same time, clear signs of condensed matter interspersed with gaseous plasma in the chromosphere and corona 
have been regrettably dismissed. As such, it is hoped that this exposition will serve as an invitation to consider 
condensed matter, especially metallic hydrogen, when pondering the phase of the SunάΦ 
 

Blackbody radiation and the loss of universality,  
LƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ tƭŀƴŎƪΩǎ ŦƻǊƳǳƭŀǘƛƻƴ ŀƴŘ .ƻƭǘȊƳŀƴƴΩǎ Ŏƻƴǎǘŀƴǘ 

 
 (RoP1)Υ α¢ƘǊƻǳƎƘ ǘƘŜ ǊŜŜǾŀƭǳŀǘƛƻƴ ƻŦ YƛǊŎƘƘƻŦŦΩǎ ƭŀǿ (Robitaille P. M. L. IEEE Trans. Plasma Sci., 2003, v. 31(6), 
1263ςмнстύΣ tƭŀƴŎƪΩǎ ōƭŀŎƪōƻŘȅ Ŝǉǳŀǘƛƻƴ όtƭŀƴŎƪ aΦ !ƴƴΦ ŘŜǊ tƘȅǎƛƪΣ мфлмΣ ǾΦ пΣ рроς356) loses its universal 
significance and becomes restricted to perfect absorbers. Consequently, the proper apǇƭƛŎŀǘƛƻƴ ƻŦ tƭŀƴŎƪΩǎ 
radiation law involves the study of solid opaque objects, typically made from graphite, soot, and carbon black. 
The extension of this equation to other materials may yield apparent temperatures, which do not have any 
physical meaning relative to the usual temperature scales. Real temperatures are exclusively obtained from 
objects which are known solids, or which are enclosed within, or in equilibrium with, a perfect absorber. For this 
reason, the currently accepted temperature of the microwave background must be viewed as an apparent 
temperature. Rectifying this situation, while respecting real temperatures, involves a reexamination of 
.ƻƭǘȊƳŀƴΩǎ ŎƻƴǎǘŀƴǘΦ Lƴ ǎƻ ŘƻƛƴƎΣ ǘƘŜ ƭŀǘǘŜǊ ƛǎ ŘŜǇǊƛǾŜŘ ƻŦ ƛǘǎ ǳƴƛǾŜǊǎŀƭ ƴŀǘǳǊŜ ŀƴŘΣ ƛƴ ŦŀŎǘΣ ŀŎǘǎ ŀǎ a temperature 
ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΦ Lƴ ƛǘǎ ǊŜǾƛǎŜŘ ŦƻǊƳΣ tƭŀƴŎƪΩǎ Ŝǉǳŀǘƛƻƴ ōŜŎƻƳŜǎ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴǎŜƴǎƛǘƛǾŜ ƴŜŀǊ олл YΣ ǿƘŜƴ 
applied to the microwave backgroundά.  
 

Water, Hydrogen Bonding, and the Microwave Background 
 

όwƻtнύΥ αIn this work, the properties of the water are briefly revisited. Though liquid water has a fleeting 
structure, it displays an astonishingly stable network of hydrogen bonds. Thus, even as a liquid, water possesses 
a local lattice with short range order. The presence of hydroxyl (ὕ Ὄ) and hydrogen (ὌϽ Ͻ ϽὕὌ ) bonds within 
water, indicate that it can simultaneously maintain two separate energy systems. These can be viewed as two 
very different temperatures. The analysis presented uses results from vibrational spectroscopy, extracting the 
force constant for the hydrogen bonded dimer. By idealizing this species as a simple diatomic structure, it is 
shown that hydrogen bonds within water should be able to produce thermal spectra in the far infrared and 
microwave regions of the electromagnetic spectrum. This simple analysis reveals that the oceans have a 
physical mechanism at their disposal, which is capable of generating the microwave backgroundά. 
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Rollnik H. 
Der Spin des Elektrons und die Gruppe ὛὟς 

 
όwƻIύ {Φ нмпΥ αIn der klassischen Physik gibt es keinen Magnetismus! Denn dazu müßte ein Stück Materie, das 
aus vielen Atomen besteht, im thermodynamischen Gleichgewicht ein resultierendes magnetisches Moment 
besitzenά 
 
όwƻIύ {Φ нмт ŦŦΦΥ αBei der genaueren experimentellen Untersuchung der Atomspektren und ihrer Aufspaltung in 
magnetischen und elektrischen Feldern stieß man in der Mitte der zwanziger Jahre des vorherigen Jahrhunderts 
auf eine Reihe gravierender, da qualitativer Widersprüche zu den theoretischen Erwartungen. Sie lassen sich in 
der Feststellung zusammenfassen:  
 
Man beobachtete die Aufspaltung von Spektrallinien oder von Elektronenstrahlen in eine gerade Anzahl von 
Komponenten, während die Drehimpulsmultipletts nur ungerade Multipletts (die zu einer festen Energie 
gehörenden Eigenzustände des Hamiltonoperators von physikalischen Zuständen), nämlich mit der Anzahl ςὰ
ρ   erwarten lassen. Im einzelnen fand man: 
 

i) Es gibt Spektren mit einer geradzahligen Multiplettstruktur 
 

ii) Die Zahl der Zeeman-Terme und deren Aufspaltungsregeln widersprechen in vielen Fällen dem 
Experiment, insbesondere beim Wasserstoff und den Alkali-Atomen. Es gilt wieder die 
Multiplizitätsregel: eine ungerade Elektronenzahl ist mit einer geraden Anzahl von Zeeman-
Termen verbunden und umgekehrt 

 

iii) Der Stern-Gerlach Versuch bestätigt die in den Spektren gefundenen Multiplizitätsregeln. 
 
5ƛŜǎŜ tƘŅƴƻƳŜƴŜ ƭŜƎŜƴ ŀǳŦƎǊǳƴŘ ŘŜǊ 5ǊŜƘƛƳǇǳƭǎǊŜƎŜƭ αaǳƭǘƛǇƭƛȊƛǘŅǘ ςὰ ρ das Auftreten von Ὦ ρȾς nahe. 
Konkret wurde nach vielen tastenden Vorüberlegungen im Herbst 1925 von Uhlenbeck und Goudsmit die 
Hypothese des Elektronenspins eingeführt. In moderner Sprache lautet sie: 
 
Hypothese des Elektronenspins 
 

Neben den Observablen ╠ und ╟ besitzt ein Elektron eine neue Observable, einen inneren Drehimpuls, genannt 
Spin Ὤ╢ mit den folgenden Eigenschaften 
 

a) Ὓ ist ein Drehimpuls und es gilt ╢ ╢ Ὥ╢ 
b) Für jede Komponente von ╢ gibt es zwei mögliche Eigenwerte, daher gehört ╢ zur 

Drehimpulsquantenzahl Ὦ ρȾς, und sein Quadrat hat den Wert ╢ ρ  

c) Die Komponenten des Spins kommutieren mit den Bahnvariablen ╠ und ╟, Ὓȟὗ π, Ὓȟὖ π, so 

daß z.B. der Ort ╠ und die dritte Komponente des Spins Ὓ, gleichzeitig gemessen werden können 
d) Der Gesamtdrehimpuls eines Elektrons ╙ wird durch die Summe von Bahndrehimpuls ╛ und des Spins ╢ 

gegeben, ╙ ╛ ╢ 

e) Der Spin ╢ ist mit einem magnetischen Moment der Größe Ⱨ Ὣ ╢ Ὣ
ȿȿ
╢ verbunden. 

Dabei wird der Ὣ-Faktor ς das gyromagnetische Verhältnis ς durch Ὣ ςͯ gegeben (für die 
Bahnbewegung gilt lediglich der Wert Ὣ ρͯ). Dieser Wert Ὣ ςͯ) ist notwendig, um die Aufspaltung 
der Atomniveaus quantentheoretisch richtig zu beschreiben. 

 
 

Rovelli C. 
Quantum gravity 

 
(RoC) p. 9: αThe physical meaning of general relativity (GR): GR is the discovery that spacetime and the 
ƎǊŀǾƛǘŀǘƛƻƴŀƭ ŦƛŜƭŘ ŀǊŜ ǘƘŜ ǎŀƳŜ ŜƴǘƛǘȅΦ ²Ƙŀǘ ǿŜ Ŏŀƭƭ αǎǇŀŎŜǘƛƳŜά ƛǎ ƛǘǎŜƭŦ ŀ ǇƘȅǎƛŎŀƭ ƻōƧŜŎǘΣ ƛƴ Ƴŀƴȅ ǊŜǎǇŜŎǘǎ 
similar to the electromagnetic field. We can say that GR is the discovery hat there is no spacetime at all. What 
bŜǿǘƻƴ ŎŀƭƭŜŘ αǎǇŀŎŜάΣ ŀƴŘ aƛƴƪƻǿǎƪƛ ŎŀƭƭŜŘ αǎǇŀŎŜǘƛƳŜάΣ ƛǎ ǳƴƳŀǎƪŜŘΥ ƛǘ ƛǎ ƴƻǘƘƛƴƎ ōǳǘ ŀ ŘȅƴŀƳƛŎ ƻōƧŜŎǘ ς the 
gravitational field ς ƛƴ ŀ ǊŜƎƛƳŜ ƛƴ ǿƘƛŎƘ ǿŜ ƴŜƎƭŜŎǘ ƛǘǎ ŘȅƴŀƳƛŎǎΦ ΧΦΣ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ƴƻǘ ƳŀŘŜ ǳǇ ƻŦ ŦƛŜƭŘǎ ƻƴ 
spacetime; it is made up of fields on fields.ά 
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(RoC) p. 34Υ αL Ŏŀƭƭ αƎǊŀǾƛǘŀǘƛƻƴŀƭ ŦƛŜƭŘά ǘƘŜ ǘŜǘǊŀŘ ŦƛŜƭŘ ǊŀǘƘŜǊ ǘhŀƴ 9ƛƴǎǘŜƛƴΩǎ ƳŜǘǊƛŎ ŦƛŜƭŘΦ 
 
In General Relativity (GR) a frame field (also called a tetrad field) is a set of four (one time-like and three space-
like) orthogonal vector fields, defined on a Lorentz manifold. All tensorial quantities defined on the manifold can 
be expressed by the frame field and its dual coframe field. The related gravitational field Ὡ is a one-form 
Ὡ ὼ Ὡ ὼὨὼ  with values in Minkowski space. A tetrad field Ὡ determines uniquely a torsion-free spin 

connection  ,Ὡ. Its compatibility condition with Ὡ, (RoC) (2.6), and the Einstein equations, (RoC) (2.11) 
are the field equations of GR in the absence of other fields. They are the Euler-Lagrange equations of the action 
ὛὩȟ , (RoC) (2.12). Replacing Ὡ leads to the second order action formalism ὛὩ, (RoC) (2.16). The with  
two Lagrange formalisms are not equivalent in the presence of fermions. 
 
There are three reasons for this 
 

(1) the standard model cannot be written in terms of Ὣ because fermions require the tetrad formalism 
(2) the tetrad field Ὡ is nowadays more utilized than Ὣ in quantum gravity, and 
(3) I think that Ὡ represents the gravitational fields in a more conceptually clean way than Ὣ (see 

section 2.2.3ύά 
 

(RoC) p. 36Υ αthe formalism in (2.12) where Ὡ and the spin connection, which is also a one-form with values in)  
the Lie algebra of the Lorentz group Ὓὕσȟρ) are independent is called the first-order formalism. The two 
formalism are not equivalent in the presence of fermions; we do not know which one is physically correct, 
because the effect of gravity on single fermions is hard to measure.ά 

 
(RoC) p. 143: The thermal time hypothesis: In Nature, there is no preferred physical time variable t. There are no 
equilibrium states ” preferred a priori. Rather, all variables are equivalent: we can find the system in an 
arbitrary state ”; if the system is in a state ”, then a preferred variable is singled out by the state of the system. 
¢Ƙƛǎ ǾŀǊƛŀōƭŜ ƛǎ ǿƘŀǘ ǿŜ Ŏŀƭƭ ǘƛƳŜΦ ΧΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛǘ ƛǎ ǘƘŜ ǎǘŀǘƛǎǘƛŎŀƭ ǎǘŀǘŜ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜǎ ǿƘƛŎƘ ǾŀǊƛŀōƭŜ ƛǎ 
ǇƘȅǎƛŎŀƭ ǘƛƳŜΣ ŀƴŘ ƴƻǘ ŀƴȅ ŀ ǇǊƛƻǊƛ ƘȅǇƻǘƘŜǘƛŎŀƭ αŦƭƻǿά ǘƘŀǘ ŘǊƛǾŜǎ the system to a preferred statistical state.ά 

 
 

Russel R. 
The philosophy of Leibniz & history of modern philosophy 

 
(RuB) p. 108: αLeibniz rejected atoms, the vacuum, and action at a distance.ά 
 
(RuB1) p. 211: αά{ǳōǎǘŀƴŎŜάΣ ǿƘŜƴ ǘŀƪŜƴ ǎŜǊƛƻǳǎƭȅΣ ƛǎ ŀ ŎƻƴŎŜǇǘ ƛƳǇƻǎǎƛōƭŜ ǘƻ ŦǊŜŜ ŦǊƻƳ ŘƛŦŦƛŎǳƭǘƛŜǎΦ ! ǎǳōǎǘŀƴŎŜ 
is supposed to be the subject of properties, and to be something distinct from all its properties. But when we take 
away the properties, and try to imagine the substance itself, we find that there is nothing left. To put the matter 
in another way: What distinguishes one substance from another? Not difference of properties, for, according to 
the logic of substance, difference of properties presupposed numerical diversity between the substances 
concerned. Two substances, therefore, must be just two, without being, in themselves, in any way distinguish-
able. How, then, are we are ever to find out that they are two?ά 
 
(RuB1) p. 212: αά{ǳōǎǘŀƴŎŜάΣ ƛƴ ŀ ǿƻǊŘΣ ƛǎ ŀ metaphysical mistake, due to transference to the world-structure of 
ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǎŜƴǘŜƴŎŜǎ ŎƻƳǇƻǎŜŘ ƻŦ ŀ ǎǳōƧŜŎǘ ŀƴŘ ŀ ǇǊŜŘƛŎŀǘŜΦά 
 
(RuB1) p. 680: αHume had proved that the law of causality is not analytic, and had inferred that we could not be 
certain of its truth. Kant accepted the view that it is synthetic, but nevertheless maintained that it is known a 
priori. He maintained that arithmetic and geometry are synthetic, but are likewise a priori. He was thus led to 
formulate his problem in these terms: 
How are synthetic judgements a priori possible? 
The answer to this question, with its consequences, constitutes the main theme of The Critique of Pure Reason. 
 
(RuB1) p. 680/681: αAccording to Kant, the outer world causes only the matter of sensation, but our own mental 
apparatus orders this matter in space and time, and supplies the concepts by means of which we understand 
experience. Things themselves, which are the causes of our sensations, are unknowable; they are not in space and 
ǘƛƳŜΣ ǘƘŜȅ ŀǊŜƎŜƴǊŀƭ ŎƻƴŎǇŜǘǎ ǿƘƛŎƘ Yŀƴǘ Ŏŀƭƭǎ αŎŀǘŜƎƻǊƛŜǎάΦ {ǇŀŎŜ ŀƴŘ ǘƛƳŜ ŀǊŜ ǎǳōƧŜŎǘƛǾŜΣ ǘƘŜȅ ŀǊŜ ǇŀǊǘ ƻŦ ƻǳǊ 
apparatus of perception. But just because of this, we can be sure that whatever we experience will exhibit the 
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characteristics dealt with by geometry and the science of time. If you always ore blue spectables, you could be 
ǎǳǊŜ ƻŦ ǎŜŜƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ōƭǳŜ όǘƘƛǎ ƛǎ ƴƻǘ YŀƴǘΩǎ ƛƭƭǳǎǘǊŀǘƛƻƴύΦ {ƛƳƛƭŀǊƭȅΣ ǎƛƴŎŜ ŀȅƻǳ ŀƭǿŀȅǎ ǿŜŀǊ ǎǇŀǘƛŀƭ ǎǇŜŎǘŀŎƭŜǎ 
in your mind, you are sure of always seeing everyting in space. Thus geometry is a priori in the sense that it must 
be true of everything experienced, but we have no reason to suppose that anything analogous is true of things in 
themselves, which we do not experience. 
 
{ǇŀŎŜ ŀƴŘ ǘƛƳŜΣ Yŀƴǘ ǎŀȅǎΣ ŀǊŜ ƴƻǘ ŎƻƴŎŜǇǘǎΤ ǘƘŜȅ ŀǊŜ ŦƻǊƳǎ ƻŦ αƛƴǘǳiǘƛƻƴάΦ ό¢ƘŜ DŜǊƳŀƴ ǿƻǊŘ ƛǎ α!ƴǎŎƘŀǳǳƴƎάΣ 
ǿƘƛŎƘ ƳŜŀƴǎ ƭƛǘŜǊŀƭƭȅ αƭƻƻƪƛƴƎ ŀǘά ƻǊ αǾƛŜǿάΦ ¢ƘŜ ǿƻǊŘ αƛƴǘǳƛǘƛƻƴάΣ ǘƘƻǳƎƘ ǘƘŜ ŀŎŎŜǇǘŜŘ ǘǊŀƴǎƭŀǘƛƻƴΣ ƛǎ ƴƻǘ 
altogether a satisfactory one.) There are also, however, a priori ŎƻƴŎŜǇǘǎΤ ǘƘŜǎŜ ŀǊŜ ǘǿŜƭǾŜ αŎŀǘŜƎƻǊƛŜǎάΣ ǿƘƛŎƘ 
Kant derives from the forms of the syllogism. The twelve categories are divides into four sets of three: (1) of 
quantity: unity, plurality, totality; (2) of quality: reality, negation, limitation; (3) of relation: substance-and 
accident, cause-and-effect, reciprocity; (4) of modality: possibility, existence, necessity. These are subjective in 
the same sense in which space and time are ς that is to say ,our mental constitution is such that they are 
applicable to whatever we experience, but there is no reason to suppose them applicable to things themselves. 
As regards cause, however, there is an inconsistency, for things in themselves are regarded by Kant as causes of 
sensations, and free volitions are held by him to be causes of occurrences in space and time. This inconsistency is 
ƴƻǘ ŀƴ ŀŎŎƛŘŜƴǘƛŀƭ ƻǾŜǊǎƛƎƘǘΤ ƛǘ ƛǎ ŀƴ ŜǎǎŜƴǘƛŀƭ ǇŀǊǘ ƻŦ Ƙƛǎ ǎȅǎǘŜƳΦά 
 
 

Schauberger V. 
Implosion als Abbild planetarer oder atomarer Bewegung 

 
(LaS) S. 226: α5ŜǊ ŜƛƴŜ tŦŜƛƭŜǊΣ ŀǳŦ ŘŜƳ {ŎƘŀǳōŜǊƎŜǊǎ LƳǇƭƻǎƛƻƴǎǇǊƛƴȊƛǇ ǊǳƘǘΣ ƛǎǘ Řŀǎ tǊƛƴȊƛǇ ŘŜǊ αǇƭŀƴŜǘŀǊŜƴ 
.ŜǿŜƎǳƴƎάΦ Lƴ ŜƛƴŜǊ ǎŎƘǊŀǳōŜƴŀǊǘƛƎŜƴ .ŜǿŜƎǳƴƎ ǎƻƭƭŜƴ ǎƛŎƘ ƴŀŎƘ YŜǇƭŜǊ ŘƛŜ tƭŀƴŜǘŜƴ ǳƴǎŜǊŜǎ {ƻƴƴŜƴǎȅǎǘŜƳǎ 
um ihre eigenen Achse drehen (Kreiseln), und sich in ellipsoiden Bahnen um die in einem Brennpunkt der Ellipse 
befindlichen Sonne kreisen. 
 
Nach dem Motto: Wie im Großen so im Kleinen, können wir dieses Bewegungsmodell auch in kleinsten Teilchen, 
den Atomen, feststellen. Im Bohrschen Atommodell stellt der Atomkern die Sonne dar, um den sich die 
Elektronen als Planeten drehen. Sie bewegen sich nach Arnold Sommerfeld auch auf ellipsenförmigen Bahnen 
ǳƳ ŘŜƴ !ǘƻƳƪŜǊƴΦ aŀƴ ƴŜƴƴǘ ŘƛŜ ƪǊŜƛǎŜƭƴŘŜ .ŜǿŜƎǳƴƎ ŘŜǊ 9ƭŜƪǘǊƻƴŜƴ ŀǳŎƘ α{ǇƛƴάΦ 
 
Wenn diese Bewegungsform im Makrokosmos (Universum) und im Mikrokosmos (Atom) feststellbar ist, dann 
muß sie auch in den materiellen Zwischenformen unserer physischen Realität feststellbar sein, überlegte 
Schauberger. Und sie muß eine besondere Bedeutung haben, da sich in der Natur scheinbar alles Aufbauende in 
dieser Weie bewegt oder bewegt wird, schloß er weiter. Er sollte später noch erkennen, daß er dem evolutiven 
Prinzip der Natur auf die Spur gekommen war. Aufgrund dieser Erkenntnisse und seiner Naturbeobachtungen 
kam Schauberger zu dem Schluß, daß Mensch (die Wissenschaft) und Natur verschiedene Wege gehen. Wir 
ōƭŜƛōŜƴ ƛƳ {ƛƴƴŜ ŘŜǊ {ŎƘŀǳōŜǊƎŜǊΨǎŎƘŜƴ 5ƛŀƭŜƪǘƛƪ ōŜƛ ŘŜǊ ²ƛǎǎŜƴǎŎƘŀŦǘ ŀƭǎ !ƴǘƛǘƘŜǎŜ ȊǳǊ bŀǘǳǊΦ 5ƛŜ 
Wissenschaft, so Schauberger, arbeitet in jeder Richtung gegen die Natur und ihre Intensionen. Er sah diesen 
Unterschied vornehmlich in der Diskrepanz zweier Bewegungsformen: Die Natur tendiert dazu, ihre Massen 
planetar zu bewegen (spiral-konzentrisch), die Wissenschaft hingegen tendiert dazu, Massen gleichförmig-
geradlinig zu bewegen. Wobei bekannt ist, daß es keine geradlinige Bewegung gibt, sondern aufgrund der 
Raumkrümmung und Endgravitation jede geradlinig intendierte Bewegung gekrümmt verläuft. 
{ŎƘŀǳōŜǊƎŜǊ ōŜȊŜƛŎƘƴŜǘ ŘƛŜ ŘŜǊ LƴǘŜƭƭƛƎŜƴȊ ŘŜǊ bŀǘǳǊ ŜƴǘǎǇǊƛƴƎŜƴŘŜ .ŜǿŜƎǳƴƎ αLƳǇƭƻǎƛƻƴά ǳƴŘ ŘƛŜ ŘŜǊ 
LƴǘŜƭƭƛƎŜƴȊ ŘŜǊ ²ƛǎǎŜƴǎŎƘŀŦǘ ŜƴǘǎǇǊƛƴƎŜƴŘŜ .ŜǿŜƎǳƴƎ α9ȄǇƭƻǎƛƻƴάΦ 5ƛŜ bŀǘǳǊΣ ŘŜǊ YƻǎƳƻǎΣ tƭŀƴŜǘŜƴΣ {ǘŜǊƴŜΣ 
Atome, Moleküle, Wasser, Wellen, Wind (vor allem Wirbelstürme), Wolken, Blut und Pflanzensäfte, folgen der 
implosiven Bewegung. Die konzentrisch-ǎǇƛǊŀƭŦǀǊƳƛƎŜ αLƳǇƭƻǎƛƻƴǎōŜǿŜƎǳƴƎά Ƙŀǘ ǎŀǳƎŜƴŘŜƴΣ ȊƛŜƘŜƴŘŜ 
Charakter. Man bedenke, welche Saugkräfte der Rüssel eines Tornados entwickelt. Nur der Mensch (die 
WiǎǎŜƴǎŎƘŀŦǘύ  ŦƻŎƛŜǊǘ ŘƛŜ αǿƛŘŜǊƴŀǘǸǊƭƛŎƘŜά ƎŜǊŀŘƭƛƴƛƎŜ όŘǊǸŎƪŜƴŘŜƴύ .ŜǿŜƎǳƴƎǎŦƻǊƳΣ ŘƛŜ ƛƳ ²ƛŘŜǊǎǘŀƴŘ 
Wärme erzeugt und abbauende Eigenschaften hat, so Schauberger. Dazu Ludwig Boltzmann: Nur die 
geradlinige Bewegung steigert den Druck und die Temperatur. Bei der Implosionsbewegung soll durch die 
Saugwirkung eine minimale Reibung entstehen und eine Abkühlung erfolgen, da die Wärmeenergie in 
Bewegungsenergie umgewandelt wird, durch die zum Beispiel der Wirbelsturm auf Touren gebracht wird. 
 
(LaS) S. 230: Viktor Schauberger sah also einen eigen Zusammenhang zwischen der Bewegung der Planeten, der 
Atome und der materiellen Zwischenstufen (Moleküle, Wasser, Wellen, Wind (vor allem Wirbelstürme), Wolken, 
Blut und Pflanzensäfte usw.) Er ōŜƴǸǘȊŜ ŦǸǊ ŘƛŜ tƭŀƴŜǘŜƴōŜǿŜƎǳƴƎ ŀǳŎƘ ŘŜƴ ǎŎƘǿƛŜǊƛƎŜƴ .ŜƎǊƛŦŦ αȊȅƪƭƻƛŘŜ 
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wŀǳƳƪǳǊǾŜƴōŜǿŜƎǳƴƎάΦ Χ bŀŎƘ {ŎƘŀǳōŜǊƎŜǊ ǎǇƛǊŀƭŜƴ ǎƛŜ ǳƳ ŘƛŜ Sonne. Er begründete dies damit, daß alles, 
ǿŀǎ ǎƛŎƘ ƛƳ YǊŜƛǎŜ ŘǊŜƘǘΣ ƴƛŎƘǘ Ǿƻƴ CƭŜŎƪ ƪƻƳƳǘΦ {ǘŀǘǘ αȊȅƪƭƻƛŘŜ wŀǳƳƪǳǊǾŜƴōŜǿŜƎǳƴƎά ǎŀƎǘŜ ŜǊ ŀǳŎƘ 
αǇƭŀƴŜǘŀǊŜ .ŜǿŜƎǳƴƎάΦ !ƭǎƻ ŘǊŜƘǘ ǎƛŎƘ ŀǳŎƘ ŘƛŜ 9ǊŘŜ ƛƴ ŘƛŜǎŜǊ ²ŜƛǎŜΦ 5ƛŜ αǇƭŀƴŜǘŀǊŜ .ŜǿŜƎǳƴƎά ŘŜǊ 9ǊŘŜ Ƙŀǘ 
auch Einfluß auf die Massenbewegung, sagte Schauberger. Das Wasser, Blut, Pflanzensäfte, Winde und 
Meereswellen, Gase, Rauchschwaden, etc. werden in dieser Weise bewegt. 
 
Univ. Prof. Felix Ehrenhaft, Vorstand des ersten Physikalischen Institutes der Universität Wien, machte mit 
seinen Mitarbeitern die Entdeckung, daß kleinste freischwebende Materieteilchen in einem konzentrierten 
Lichtstrahl sich auf Schraubenbahnen bewegen. Teils in der Fortpflanzung des Lichts, teils in der 
entgegengesetzten Richtung. Dieser Versuch wird Photophorese genannt. 
 
Grundsätzlich neuartig und aufregend, so Prof. Ehrenhaft, ist das Phänomen, daß die Bewegung von 
Materieteilchen in Feldern nicht auf geraden Bahnen, sondern auf Schraubenbahnen der regelmäßgsten Form, 
Größe und Umlauffrequenz erfolgt. Zu der Bewegung um die Schraube, kommt oft noch eine Bewegung um die 
eigene Achse. 
 
Nach Dipl.-Ing. Walter Schauberger spielt sich die Erscheinung in allen Gasen, insbesondere auch in Edelgasen 
(Argon) und bei allen Drücken ab. Der Inder Satyendra Nat Ray bewies, daß auch in Flüssigkeiten derartige 
Bewegungen auftreten. G. Fachini in Italien hat ebenfalls Photophorese in Flüssigkeiten festgestellt. W. W. 
.ŀǊƪŀǎ ƛƳ tƻǊǘŜǊǎŎƘŜƴ [ŀōƻǊŀǘƻǊƛǳƳ Ȋǳ [ƻƴŘƻƴ Ƙŀǘ ŀǳŎƘ ƛƴ wǀƴǘƎŜƴǎǘǊŀƘƭŜƴ tƘƻǘƻǇƘƻǊŜǎŜ ƎŜŦǳƴŘŜƴ Χ 5ƛŜ 
Photophorese ς die schraubenförmige-spiralige Bewegung kleinster Materieteilchen ς würde Viktor 
Schaubergers Implosionstheorie (planetarer Bewegung) im Prinzip bestätigen.ά 
 
(LaS) S. 232: α{ŎƘŀǳōŜǊƎŜǊ ǾŜǊǎǘŀƴŘ ǳƴǘŜǊ αLƳǇƭƻǎƛƻƴά ŀƭǎƻ ȊŜƴǘǊƛǇŜǘŀƭŜ aŀǎǎŜƴōŜǿŜƎǳƴƎǎŦƻǊƳΣ ŘƛŜ ŀǳŦ ŜƛƴŜǊ 
konzentrisch-ǎǇƛǊŀƭŦǀǊƳƛƎŜƴ .ŀƘƴ Ǿƻƴ ŀǳǖŜƴ ƴŀŎƘ ƛƴƴŜƴ ǾŜǊƭŅǳŦǘΣ ŘŜǊŜƴ ½ŜƴǘǊǳƳ ǎŀǳƎŜƴŘ ƛǎǘΦ Χ 5ƛŜǎŜƴ 
Naturvorgang (Wirbel) versuchte Schauberger technisch zu kopieren. Massen, wie Luft oder Wasser, die in 
diesen Bewegungsvorgang geraten, werden aufgrund des immer enger werdenden Raumes der konzentrischen 
Bahn verdichtet. Dabei wird auf atomarer Ebene Kernenergie frei, jene Bindungsenergie, welche die Atome im 
Innersten zusammenhält. Zugleich erfolgt eine qualitative Veränderung des ursprünglichen Stoffes. In der Physik 
wird dieser Vorgang Massendefekt bezeichnet: Paarbildung ς Massendefekt ς Freie Energie. Zum Beispiel bei 
der Umwandlung von Wasserstoff in Helium. Das Ursprüngliche wird quantitativ leichter, verliert an Masse, 
wird aber auf ein höheres Ordnungsniveau gehoben und gewinnt dadurch an Qualität. Jeder Stoff hat eine 
spezifische Eigenfrequenz und Struktur. Wenn nun die Eigenfrequenz beziehungsweise Struktur eines Stoffes 
durch Zufuhr von Energie verändert (erhöht) wird, verändert sich auch seine Qualität. Endprodukt eines solchen 
Bewegungs (=Veredelungs)-vorganges ist beispielsweise Edelwasser.ά 
 
(LaS) S. 233: α5ŜǊ ²ƛǊōŜƭ ǎƻǊƎǘ ŦǸǊ hǊŘƴǳƴƎΦ {ŎƘŀǳōŜǊƎŜǊ ƴŀƴƴǘŜ ŘƛŜǎŜƴ ±ƻǊƎŀƴƎ ŀǳŎƘ α!ǘƻƳǳƳǿŀƴŘƭǳƴƎ ǎǘŀǘǘ 
!ǘƻƳȊŜǊǘǊǸƳƳŜǊǳƴƎάΦ .Ŝƛ ŘŜǊ !ǘƻƳȊŜǊǘǊǸƳƳŜǊǳƴƎ ǿŜǊŘŜƴ ½ŜǊŦŀƭƭǎǇǊƻȊŜǎǎŜ ŜƛƴƎŜƭŜƛǘŜǘΦ ¦ǊŀƴŀǘƻƳŜ ǿŜǊŘŜƴ 
gespalten, wodurch Energie frei wird. Uran ist bereits ein hochwertiges Element, das durch den 
Kernspaltungsvorgang in ein minderwertiges, hochgiftiges Abfallprodukt verwandelt wird. Aus Ordnung wird 
Chaos. 
 
Beim Verfahren der natürlichen Atomumwandlung nach Schauberger werden Atome nicht gespalten, sondern 
durch die saugende, verdichtende Implosionskraft auf ein höheres Ordnungsnivau gebracht. Die ursprüngliche 
Atomstruktur wird aufgelöst und neu gruppiert, eingespeicherte Energie wird frei. Ein Trennen und 
Wiedervereinen auf höherer (qualitativer) Ebene. Aus Chaos wird Ordnung. 
 
{ŎƘŀǳōŜǊƎŜǊ ƳŜƛƴǘŜΣ Řŀǖ Ƴŀƴ Řŀǎ /Ƙŀƻǎ αǸōŜǊŎƘŀƻǘƛǎƛŜǊŜƴά ƳǸǎǎŜΣ ǳƳ hǊŘƴǳƴƎ Ȋǳ ǎŎƘŀŦŦŜƴΦ WŜŘŜƴŦŀƭƭǎ 
ǾŜǊƘŀƭǘŜƴ ǎƛŎƘ !ǘƻƳŜ ƴŀŎƘ ŜƛƴŜǊ α²ƛǊōŜƭōŜƘŀƴŘƭǳƴƎάΣ ƻŘŜǊ ς neuesten Erkenntnissen zufolge ς auch nach einer 
elektromagnetischen Beeinfußung nicht mehr chaotisch, sondern kohärent. Man kann auch sagen, wenn man 
ƛƘƴŜƴ Ǿƻƴ ŀǳǖŜƴ 9ƴŜǊƎƛŜ ȊǳŦǸƘǊǘΣ αŜǊƛƴƴŜǊƴά ǎƛŜ ǎƛŎƘ ǿƛŜŘŜǊ ŀƴ ƛƘǊŜ hǊŘƴǳƴƎΦά 
 
(LaS) S. 244: αNach Schauberger ist Wachstum das Ergebnis eines Druckausgleiches zweier bipolarer 
(gegengeschlechtlicher) feinstofflicher Energien, die sich gegensinnig kreuzen (vermählen, vereinen), woraus ein 
Drittes entsteht. Diese feinstofflichen Energien sind für unǎŜǊ ƳŜƴǎŎƘƭƛŎƘŜǎ !ǳƎŜ ǳƴǎƛŎƘǘōŀǊΦ Χ 9Ǌǎǘ Řŀǎ tǊƻŘǳƪǘ 
ŀǳǎ ŘŜǊ YǊŜǳȊǳƴƎ ŘƛŜǎŜǊ ŦŜƛƴǎǘƻŦŦƭƛŎƘŜƴ 9ƴŜǊƎƛŜƴΣ ŘƛŜ !ǳǎǿƛǊƪǳƴƎΣ Řŀǎ ǎƻƎŜƴŀƴƴǘŜ α5ǊƛǘǘŜάΣ Řŀǎ αDǊƻōǎǘƻŦŦƭƛŎƘŜά 
(summa summarum unsere gesamte materielle Welt) ist für uns sichtbar und greƛŦōŀǊΦ ΧΦ 
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Durchlebte Materie zerfällt und eingespeicherte Energie wird frei, die sich laut Schauberger wiederum mit 
ŜƛƴŦŀƭƭŜƴŘŜǊΣ ƎŜƎŜƴǇƻƭƛƎŜǊ όαƪƻǎƳƛǎŎƘŜǊάύ 9ƴŜǊƎƛŜ ǘǊƛŦŦǘΣ ǳƳ ŜǊƴŜǳǘ !ǳǎƎƭŜƛŎƘŜ ŜƛƴȊǳƎŜƘŜƴΦά 
 
(LaS) S. 250: αEin bißchen Lichteinfluß, ein bißchen Lichtabschluß, ein bißchen Wärme, ein bißchen Kälte 
rhythmisch geordnet genügt, um das edelste Wasser, das durch Mutatoren fließt, hochwertig aufzuladen (zu 
ƛƻƴƛǎƛŜǊŜƴάύΦ 
 
Ich löse in neuester Zeit aus edelsten Bergkristallen die eingebauten Kraftstoffe, und die freiwerdenden 
Strahlungsenergien akkumuliere ich dann in das Wasser. Auf diese Weise bekomme ich die Ur-Eiweißstoffe oder 
die lebensanfachenden Vitamine.ά 

 
 

Schiller F. 
On the aesthetic education of man 

Eleventh Letter, (ScF) p. 48 ff. 
This is about ~αǘƘŜ ǎŜƴǎǳƻǳǎ-Ǌŀǘƛƻƴŀƭ ƴŀǘǳǊŜ ƻŦ aŀƴά 

 
α²ƘŜƴ ŀōǎǘǊŀŎǘƛƻƴ Ƴƻǳƴǘǎ ŀǎ ƘƛƎƘ ŀǎ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ŎŀƴΣ ƛǘ ŀǊǊƛǾŜǎ ŀǘ ǘǿƻ Ŧƛƴŀƭ ŎƻƴŎŜǇǘǎΣ ŀǘ ǿƘƛŎƘ ƛǘ Ƴǳǎǘ Ƙŀƭǘ ŀƴŘ 
recognize its limits. It distinguishes in Man something that edures and something that perpetually alters. The 
enduring is called person, the changing is his condition. 
 
Person and condition ς the self and its determinations ς which we think of in the absolute Being as one and the 
same, are eternally two in the finite. Throughout the persistence of the person the condition changes, through 
every change of condition the person persists. We pass from rest to activity, from passion to nidifference, from 
assent to contradiction; but we always exist, and what springs immediately from our self remains. In the 
absolute Person alone all the determinations persist alongside the personality, since they flow out of 
personality. All that Divinity is, it is just because it is; consequently it is everything to eternity, because it is 
eternity. 
Since in Man, as finite being, person and condition are distinct, neither can the condition be derived from the 
person nor the person from the condition. In the latter case, the person would have to alter; in the former case, 
the condition would habe to persist, and thus in each case either the personality or the finiteness would cease. 
Not because we think and will and feel do we exist; not because we exist and think and will do we feel. We exist 
because we exist; we feel, think and will because there is something other besides ourselves. 
 
The person must therefore be its own ground, for the enduring cannot issue from alteration; and so we have in 
the first place the idea of absolute being grounded in itself, that is to say of freedom. Condition must have a 
ground; since it does not exist through the person, and is thus not absolute, it must result; and so we have in the 
second place the qualification of all depending being and becoming, timeΦ ΰ¢ƛƳŜ ƛǎ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ƻŦ ŀƭƭ  
.ŜŎƻƳƛƴƎΨ is an identical proposition, for it merely asserts that the result is the condition of something resulting. 
 
The person that is revealed in the eternally persisting ego, and only there, cannot become, cannot have a 
beginning in time; the reverse is rather the case ς time must begin in it, because something constant must form 
the basis of change. There must be something that alters, if alternation is to occur; this something cannot 
therefore itself be alternation. In saying that the flower blooms and fades, we make the flower the thing that 
persits through the transformation and lend it, so to say, a personality in which both those conditions are 
manifested. It is no objection that Man has first to become; For Man is not simply person in general but person 
situated in a particular condition. But every condition, every definite instance arises in time, and so Man as a 
phenomenon must have his beginning, although the pure intelligence in him is eternal. Without time, that is to 
say without becoming it, he would never be a definite existence; his personality would certainly exist in 
potentiality, but not in fact. Only through the succession of its perceptions does the persisting ego itself come to 
appear. 
 
The subject matter of activity, therefore, or the reality which the supreme Intelligence creates out of itself, must 
first be received by Man, and he does in fact receive it as something eternal to himself in space and as 
something changing within himself in time, through the medium of perception. This changing substance in him 
is accompanied by his never-changing ego ς and to remain remain perpetually himself throughout all change, to 
turn every perception into experience, that is, into unity of knowledge, and to make each of his manifestations 
in time a law for all time, is the rule which is prescribed for him by his rational nature. Only as he alters does he 
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exist; only as he remains unalterable does he exist. Man conceived in his perfection would accordingly be the 
constant unity which admidst the tides of change remains eternally the same. 
 
Now although an infinite being, a divinity, cannot become, we must surely call the divine a tendency which has 
for its infinite task the proper characteristic of divinity, absolute realization of capacity (actually of all that is 
possible) and absolute unity of manifestation (necessity of all that is actual). Beyond question Man carries the 
potentiality for divinity within himself; the path to divinity, if we may call a path what never reaches its goals, is 
open to him in his sense. 
 
His personality, regarded in itself alone and independently of all sense material, is merely the potentiality of a 
possible infinite expression; and so long as he neither contemplates nor fells he is still nothing but form and 
empty capacity. His sense faculty, regarded in itself and dissociated from all spontaneous activity of the mind, 
can do nothing beyond making himself material ς for without it he is mere form ς but by no means uniting him 
to matter. So long as he only perceives, only desires and acts from mere appetite, he is still nothing but world, if 
we understood by this simply the formless content of time. It is indeed his sense faculty alone which turns his 
capacity into operative power; but it is only his personality which makes his operation really his own. Thus in 
order not to be merely world, he must lend form to his material; in order to be not merely form, he must make 
actual the potentiality which he bears within hinself. He realizes form when he create time, and opposes 
constancy with alteration, the eternal unity of his ego with diversity of the world; he gives form to matter when 
he proceeds to annul time, affirms persistence within change, and subjects the diversity of the world to the unity 
of his ego.  
 
Hence flow two contrary demands upon Man, the two fundamental laws of his sensuous-rational nature. The 
first insists upon absolute reality; he is to turn everything that is mere form into world, and realize all his 
potentialities; the second insists upon absolute formality: he is to eradicate in himself everything that is merely 
world, and produce harmony in all its mutations; in other words, he is to turn outwards into internal, and give 
form to everything external. Both tasks, considered in their supreme fulfilment, lead back to the conception of 
divinity from which I started.ά 
Outlook to the Twelfth Letter, which is αƻn the fulfilment of this twofold tasksά regarding the sensuous impulse 
and the formal impulse: If the first impulse only furnishes cases, the other gives laws. 
 
 

Schmicking D. A. 
Die Subjekt-Objekt-Beziehung bei Schopenhauer 

(ReT) S. 32-35 
 

Schopenhauers System entfaltet sich auf erkenntnistheoretischer Ebene ausgehend von einer Struktur, die er als 
α½ŜǊŦŀƭƭŜƴ ƛƴ hōƧŜƪǘ ǳƴŘ {ǳōƧŜƪǘά ŎƘŀǊŀƪǘŜǊƛǎƛŜǊǘΦ 5ŀǎ {ǳōƧŜƪǘ ƛǎǘ Řŀ ȊǿŀǊ α¢ǊŅƎŜǊ ŘŜǊ ²ŜƭǘΣ ŘƛŜ ŘǳǊŎƘƎŅƴƎƛƎŜ 
stets voraussetzende Bedingung alles Erscheinenden, alleǎ hōƧŜƪǘǎάΦ !ōŜǊ Řŀǎ {ǳōƧŜƪǘ ƛǎǘ ƛƴ .ŜȊƛŜƘǳƴƎ ŀǳŦ ŘƛŜ 
²Ŝƭǘ ŀƭǎ ±ƻǊǎǘŜƭƭǳƴƎ ŜōŜƴ ŀǳŎƘ ƴǳǊ ŜƛƴŜ Ǿƻƴ ȊǿŜƛ IŅƭŦǘŜƴΣ ŘƛŜ ŀƴŘŜǊŜ IŅƭŦǘŜ ōƛƭŘŜǘ Řŀǎ hōƧŜƪǘΥ α5ƛŜ IŅƭŦǘŜƴ ǎƛƴŘ 
όΧύ ǳƴȊŜǊǘǊŜƴƴƭƛŎƘΣ ǎŜƭōǎǘ ŦǸǊ ŘŜƴ DŜŘŀƴƪŜƴΥ ŘŜƴƴ ƧŜŘŜ Ǿƻƴ ōŜƛŘŜƴ Ƙŀǘ ƴǳǊ ŘǳǊŎƘ ǳƴŘ ŦǸǊ Řie andere Bedeutung 
ǳƴŘ 5ŀǎŜȅƴΣ ƛǎǘ Ƴƛǘ ƛƘǊ Řŀ ǳƴŘ ǾŜǊǎŎƘǿƛƴŘŜǘ Ƴƛǘ ƛƘǊάΦ Lƴ ŘŜƴ ŦƻǊƳŀƭ-ontologischen Kategorien der LU Husserls 
ƪŀƴƴ Ƴŀƴ ŘƛŜ αIŅƭŦǘŜƴά ƎŜŜƛƎƴŜǘŜǊ ŀƭǎ αŀōǎǘǊŀƪǘŜ aƻƳŜƴǘŜά ŎƘŀǊŀƪǘŜǊƛǎƛŜǊŜƴΣ Řŀ ƭŜǘȊǘŜǊŜǊ ¢ŜǊƳƛƴǳǎ ƪŜƛƴŜ 
Ablösbarkeit suggeriert, die Schopenhauer ja bestreitet. 
 
aƛǘ ŘŜƳ ½ŜǊŦŀƭƭŜƴ ƛƴ hōƧŜƪǘ ǳƴŘ {ǳōƧŜƪǘ ǳƴǘŜǊǎŎƘŜƛŘŜ ǎƛŎƘ ǎŜƛƴŜ aŜǘƘƻŘŜ αƎŀƴȊ ǳƴŘ ƎŀǊ Ǿƻƴ ŀƭƭŜƴ ƧŜ ǾŜǊǎǳŎƘǘŜƴ 
Philosophien, als welche alle entweder vom Objekt oder vom Subjekt ausgingen, und demnach das eine aus dem 
ŀƴŘŜǊŜƴ Ȋǳ ŜǊƪƭŅǊŜƴ ǎǳŎƘǘŜƴάΦ .ŜƛŘŜ ƭŜǘzteren Ansätze führen auf ein Verkennen des Verhältnisses von Subjekt 
und Objekt, indem sie deren Verhältnis auf der Basis des Satzes vom Grunde, also kausal zu erklären versuchen. 
Nimmt man an, das Objekt sei unabhängig von und Ursache für das Subjekt, resultiert der Realismus bzw. die 
Naturphilosophie bzw. der Materialismus. Nimmt man an, das Subjekt sei unabhängig und erzeuge das Objekt, 
führt dies auf den transzendentalen Idealismus Fichtes. Damit begehe sowohl ein materialistisches als auch ein 
idealisǘƛǎŎƘŜǎ {ȅǎǘŜƳ ŘŜƴ CŜƘƭŜǊΣ αȊǳƳ ǾƻǊŀǳǎ ŀƴȊǳƴŜƘƳŜƴΣ ǿŀǎ Ŝǎ ŜǊǎǘ ŀōȊǳƭŜƛǘŜƴ ǾƻǊƎƛŜōǘΣ ƴŅƳƭƛŎƘ Řŀǎ 
ƴƻǘƘǿŜƴŘƛƎŜ YƻǊǊŜƭŀǘ ǎŜƛƴŜǎ !ǳǎƎŀƴƎǎǇǳƴƪǘŜǎάΦ 
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Die Subjekt-Objekt-Korrelation ist bereits in der Dissertation formuliert: 
 

Wie mit dem Subjekt sofort das Objekt gesetzt ist (..) und auf gleiche Weise mit dem Objekt das Subjekt, 
und also Subjektseyn gerade soviel bedeutet, als ein Objekt haben, und Objektseyn so viel, als vom 
Subjekt erkannt werden: genau eben so nun ist auch mit einem auf irgend eine Weise bestimmten Objekt 
ǎƻŦƻǊǘ ŀǳŎƘ Řŀǎ {ǳōƧŜƪǘ ŀƭǎ ŀǳŦ ŜōŜƴ ǎƻƭŎƘŜ ²ŜƛǎŜ ŜǊƪŜƴƴŜƴŘ ƎŜǎŜǘȊǘάΦ 

 
Interessant ist, wie Schopenhauer die Strukturen von Subjekt und Objekt bestimmt, besonders im Hinblick auf 
das Erstere, denn obwohl das Subjekt als erkennendes sich nicht selbst erkennen könne, da es notwendiges 
Korrelat, und damit immer Bedingung aller Vorstellungen bleibt, ist es eben doch in bestimmten Formen oder 
Ausprägungen erschließbar, nämlich in Form der Korrelate der vier Vorstellungsklassen. Es ergeben sich aus 
diesen: Verstand, Vernunft, reine Anschauungsformen und Selbstbewusstsein. Die korrelativen Formen, so sagt 
Schopenhauer, werden 
 

erschlossen, oder richtiger: sie sind allgemeine Ausdrücke für die aufgestellten Klassen der Vorstellungen 
(..) sie sind mit Rücksicht auf das als Bedingung nothwendige Korrelat jener Vorstellungen, das Subjekt, 
von ihnen abstrahirt, verhalten sich zu folglich zu den Klassen der Vorstellungen gerade so, wie das 
{ǳōƧŜƪǘ ǸōŜǊƘŀǳǇǘ ȊǳƳ hōƧŜƪǘ ǸōŜǊƘŀǳǇǘάΦ 

 
Das Erschließen dieser Ausdrücke bildet ein Verfahren, das, verglichen mit Kants Versuch einer Deduktion, eher 
als ein induktives zu charakterisieren ist. 
 
Hierzu ein erster vergleichender Blick: Husserl reflektiert kontinuierlich und mit Blick auf zeitgenössische Kritiker 
die Möglichkeiten und Grenzen phänomenologischer Reflexion des eigenen Erlebens bzw. des Selbst. Er kommt 
zu einem positiven Ergebnis. In den Ideen I Ŝǘǿŀ ƭŜǎŜƴ ǿƛǊΥ αWŜŘŜǎ 9ǊƭŜōƴƛǎΣ Řŀǎ ƴƛŎƘǘ ƛƳ .ƭƛŎƪŜ ƛǎǘΣ ƪŀƴƴ ƴŀŎƘ 
ƛŘŜŀƭŜǊ aǀƎƭƛŎƘƪŜƛǘ ȊǳƳ αŜǊōƭƛŎƪŜƴά ǿŜǊŘŜƴΣ ŜƛƴŜ wŜŦƭŜƪǘƛƻƴ ŘŜǎ LŎƘ ǊƛŎƘǘŜǘ ǎƛŎƘ ŘŀǊŀǳŦΣ Ŝǎ ǿƛǊŘ ƴǳƴ hōƧŜƪǘ für 
Řŀǎ LŎƘΦά aƛǘǘŜƭǎ ŜƛŘŜǘƛǎŎƘŜǊ ±ŀǊƛŀǘƛƻƴ ƎŜƭŀƴƎǘ ŘƛŜ tƘŅƴƻƳŜƴƻƭƻƎie dann zu einer reichen Formenlehre der Akte, 
ihrer Teile und abstrakten Momente. Während also Schopenhauer die Operationen des Objekts aus dessen 
korrelativen Vorstellungen erschließt, erweist sich Husserls Zugang zur Subjektitivität als vergleichsweise direkt. 
So steht Husserls Morphologie intentionaler (und prä-intentionaler) Leistungen und Gegenstandstypen der eher 
kargen Taxonomie der vierfachen Wurzeln des Satzes vom Grunde gegenüber. Schopenhauer mangelt nicht 
etwa der analytische psychologische Blick. Aber trotz seiner reichen Beobachtungen und Einsichten kennt 
Schopenhauer nicht eine vergleichbare, systematisch durchforschte Morphologie der intentionalen Akte und 
Objekte mit all ihren Stufungen, Komplexionen und Fundierungen, wie sie sich in der Husserlschen Lehre über 
Jahre ausdifferenziert. 
 
Welche allgemeinen Strukturen nimmt das Objekt bei Schopenhauer ein? Hier sind zunächst die vier 
Vorstellungsklassen: 1. Die anschaulichen, vollständigen, empirischen Vorstellungen bzw. realen Objekte, 2. die 
abstrakten Vorstellungen bzw. Begriffe (Vorstellungen von Vorstellungen), 3. die reinen bzw. a priori gegebenen 
Anschauungsformen des Raumes und der Zeit und 4. das Subjekt des Wollens bzw. alle Gefühls- und 
Willenszustände. Weitere Unterklassen werden von Schopenhauer teils detailliert behandelt, so neben den 
Wahrnehmungen Erinnerungen und Phantasmen, die verschiedenen Gattungen von Begriffen, Gegenstände der 
Arithmetik und Geometrie, und schließlich die verschiedenen Arten der Gefühls- und Willensregungen. All diese 
bilden offensichtlich Unterklassen bzw. Spezies der vier Gattungen von Vorstellungsklassen. 
 
Im Zusammenhang der ersten Vorstellungsklasse (der anschaulichen Vorstellungen bzw. realen Objekte) stößt 
man auf einen ŜǊƪŜƴƴǘƴƛǎǘƘŜƻǊŜǘƛǎŎƘ ŜƴǘǎŎƘŜƛŘŜƴŘŜƴ tǳƴƪǘΦ ²Ŝƴƴ {ŎƘƻǇŜƴƘŀǳŜǊ ƳŀƴŎƘƳŀƭ ǾƻƳ α.ƛƭŘά ǎǇǊƛŎƘǘΣ 
das der Intellekt (respektive das Gehirn) vom Gegenstand bzw. der Welt erzeugt, klingt das nach einer 
repräsentionalistischen Konzeption. Er erklärt jedoch, dass zwischen Gegenstand und Vorstellung kein 
Unterschied bestehe, dass wir nicht Vorstellungen haben, die von vermeintlich außerhalb des Bewusstseins 
ƭƛŜƎŜƴŘŜƴ 5ƛƴƎŜƴ ǾŜǊǎŎƘƛŜŘŜƴ ǎƛƴŘΣ Řŀǎǎ ǿƛǊ ƴƛŎƘǘ Ŝƛƴ αōƭƻǖŜǎ !ōōƛƭŘά ŘŜǊ 5ƛƴƎŜ ŀƴǎŎƘŀǳŜƴΦ tƘŅƴƻƳŜƴƻƭƻƎƛǎŎƘ 
gewendet: die äußere Wahrnehmung ist ein unmittelbares Wahrnehmen des originär, leibhaftig erscheinenden 
Dings selber. Damit liegt kein Bildbewusstsein vor, bei dem ein leibhaftig erscheinendes Ding als Bild eines 
anderen, nicht gegenwärtigen Gegenstands aufgefasst wird. 
 
Bekanntlich liegt dem gesamten Schopenhauerschen System die Unterscheidung von Erscheinung und Ding an 
sich zugrunde. Aber die anschaulichen Vorstellungen lassen sich nach Schopenhauers Verständnis gerade nicht 
als Abbilder des Willens bzw. des Dings begreifen, sondern als Objektivität bzw. die sich über viele Stufen der 
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Natur entwickelnden Objektiviationen des Willens. Dieser Repräsentation liegt keine repräsentationale 
.ŜȊƛŜƘǳƴƎ ȊǳƎǊǳƴŘŜΣ Řŀ ŘŜǊ ²ƛƭƭŜ ŀƴ ǎƛŎƘ ȊǳǊ 9ǊǎŎƘŜƛƴǳƴƎ ŘƛŜ wŜƭŀǘƛƻƴ ŜƛƴŜǊ α&ǳǖŜǊǳƴƎά ƘŀǘΣ ŅƘƴƭƛŎƘ ǿƛŜ ǎƛŎƘ 
das Verstandesvermögen, Kausalität zu erkenneƴΣ ƛƴ ǳƴǘŜǊǎŎƘŜƛŘōŀǊŜ αCƻǊƳŜƴά ŅǳǖŜǊǘΦ ±ƻƴ ŘŜǊ !ƴǎŎƘŀǳǳƴƎ 
unterscheidet Schopenhauer die signitiven Akte der Vernunft. Letztere bilden begriffliche Vorstellungen von 
anschaulichen Vorstellungen, den unmittelbaren Objekten unserer Anschauungen und Handlungen. Husserls 
YǊƛǘƛƪ ŀƴ ǇƘƛƭƻǎƻǇƘƛǎŎƘŜƴ tƻǎƛǘƛƻƴŜƴΣ ŘƛŜ ŀƴƴŜƘƳŜƴΣ αŘƛŜ ¢ǊŀƴǎȊŜƴŘŜƴ ŘŜǎ 5ƛƴƎŜǎ ǎŜƛ ŘƛŜ ŜƛƴŜǎ Bildes oder 
ZeichensάΣ ǘǊƛŦŦǘ ŘŀƳƛǘ ǿƻƘƭ ŘŜƴ ²ƻǊǘƭŀǳǘΣ ŀōŜǊ ƴƛŎƘǘ ŘŜƴ DŜƘŀƭǘ ŘŜǊ {ŎƘƻǇŜƴƘŀǳŜǊǎŎƘŜƴ [ŜƘǊŜΦ 
 
Man könnte nun einwenden, dass Schopenhauer den Leib als unmittelbares Objekt unterscheidet, das die 
!ƴǎŎƘŀǳǳƴƎ ŀƭƭŜǊ ǸōǊƛƎŜƴ hōƧƪǘŜ αǾŜǊƳƛǘǘŜƭǘάΣ ǿƻōŜƛ ŘŜǊ ±ŜǊǎǘŀƴŘ ŘƛŜ αŘǳƳǇŦŜΣ ƴƛŎƘǘǎǎŀƎŜƴŘŜ 9ƳǇŦƛƴŘǳƴƎά ƛƴ 
einen Anschauung formt. Aber dies geschieht ohne Schließen in Begriffen, ohne Reflexion und Willkür. Auch 
diese Erklärung Schopenhauers weist auf eine Operation hin, die nicht ein Bewusstsein eines Etwas umfasst, das 
ŦǸǊ Ŝƛƴ !ƴŘŜǊŜǎ ǎǘŜƘǘΦ {ŎƘƻǇŜƴƘŀǳŜǊǎ α!ƴǎŎƘŀǳǳƴƎά ƛǎǘ Řŀǎ ƻǊƛƎƛƴŅǊ 9ǊǎŎƘŜƛƴŜƴŘŜΣ Řŀǎ ǳƴmittelbar und 
ƎŜƎŜƴǿŅǊǘƛƎ ŀǇǇŜǊȊƛǇƛŜǊǘ ǿƛǊŘΦ 5ƛŜ α±ŜǊƳƛǘǘƭǳƴƎά ǎǇƛŜƭǘ ǎƛŎƘ ǎƻȊǳǎŀƎŜƴ ƘƛƴǘŜǊ ŘŜƴ YǳƭƛǎǎŜƴ ŀōΣ ƎŜƘǀǊǘ ƴƛŎƘǘ ƛƴ 
den Bereich der Vorstellungen und führt in der Wahrnehmung nicht zu einer Distinktion in einerseits originär 
wahrgenommene und andererseits durch Bildbewusstsein apperzipierte Objekte. Hier kann also die 
phänomenologische Explikation Schopenhauer zur Seite springen und zeigen, dass Husserls berechtigte Kritik an 
repräsentationalistischen Konzeptionen nicht Schopenhauers Theorie trifft. 

 
 

Schopenhauer A. 
Die Welt als Wille und Vorstellung 

Die Vorstellung unterworfen dem Satze vom Grunde: 
Das Objekt der Erfahrung und Wissenschaft 

 
(ScA) §2: αDasjenige, was Alles erkennt und von Keinem erkannt wird, ist das Subjekt. Es ist sonach der Träger 
der Welt, die durchgängige, stets vorausgesetzte Bedingung alles Erscheinenden, alles Objekts: denn nur für das 
Subjekt ist, was nur immer da ist. Als dieses Subjekt findet Jeder sich selbst, jedoch nur sofern er erkennt, nicht 
sofern er Objekt der Erkenntniß ist. Objekt ist aber schon sein Leib, welchen selbst wir daher, von diesem 
Standpunkt aus, Vorstellung nennen. Denn der Leib ist Objekt unter Objekten und den Gesetzen der Objekte 
unterworfen, obwohl er unmittelbares Objekt ist. Er liegt, wie alle Objekte der Anschauung, in den Formen alles 
Erkennens, in Zeit und Raum, durch welche die Vielheit ist. Das Subjekt aber, das Erkennende, nie Erkannte, liegt 
auch nicht in diesen Formen, von denen selbst es vielmehr immer schon vorausgesetzt wird: ihm kommt also 
weder Vielheit, noch deren Gegensatz, Einheit, zu. Wir erkennen es nimmer, sondern es eben ist es, das erkennt, 
wo nur erkannt wird. 
 
Die Welt als Vorstellung also, in welcher Hinsicht allein wir sie hier betrachten, hat zwei wesentliche, 
nothwendige und untrennbare Hälften. Die eine ist das Objekt: dessen Form ist Raum und Zeit, durch diese die 
Vielheit. Die andere Hälfte aber, das Subjekt, liegt nicht in Raum und Zeit: denn sie ist ganz und ungetheilt in 
jedem vorstellenden Wesen; daher ein einziges von diesen, eben so vollständig, als die vorhandenen Millionen, 
mit dem Objekt die Welt als Vorstellung ergänzt: verschwände aber auch jenes einzige; so wäre die Welt als 
Vorstellung nicht mehr. Diese Hälften sind daher unzertrennlich, selbst für den Gedanken: denn jede von beiden 
hat nur durch und für die andere Bedeutung und Daseyn, ist mit ihr da und verschwindet mit ihr. Sie begränzen 
sich unmittelbar: wo das Objekt anfängt, hört das Subjekt auf. Die Gemeinschaftlichkeit dieser Gränze zeigt sich 
eben darin, daß die wesentlichen und daher allgemeinen Formen alles Objekts, welche Zeit, Raum und 
Kausalität sind, auch ohne die Erkenntniß des Objekts selbst, vom Subjekt ausgehend gefunden und vollständig 
erkannt werden können, d.h. in Kants Sprache, a priori in unserm Bewußtseyn liegen. Dieses entdeckt zu haben, 
ist ein Hauptverdienst Kants und ein sehr großes. Ich behaupte nun überdies, daß der Satz vom Grunde der 
gemeinschaftliche Ausdruck für alle diese uns a priori bewußten Formen des Objekts ist, und daß daher Alles, 
was wir rein a priori wissen, nichts ist, als eben der Inhalt jenes Satzes und was aus diesem folgt, in ihm also 
eigentlich unsere ganze a priori gewisse Erkenntniß ausgesprochen ist.ά 
 
(ScA) §4: αWer die Gestaltung des Satzes vom Grunde, welche in der reinen Zeit als solcher erscheint und auf der 
alles Zählen und Rechnen beruht, erkannt hat, der hat eben damit auch das ganze Wesen der Zeit erkannt. Sie 
ist weiter nichts, als eben jene Gestaltung des Satzes vom Grunde, und hat keine andere Eigenschaft. Succession 
ist die Gestalt des Satzes vom Grunde in der Zeit; Succession ist das ganze Wesen der Zeit. - Wer ferner den Satz 
vom Grunde, wie er im bloßen rein angeschauten Raum herrscht, erkannt hat, der hat eben damit das ganze 
Wesen des Raumes erschöpft; da dieser durch und durch nichts Anderes ist, als die Möglichkeit der 
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wechselseitigen Bestimmungen seiner Theile durch einander, welche Lage heißt. Die ausführliche Betrachtung 
dieser und Niederlegung der sich daraus ergebenden Resultate in abstrakte Begriffe, zu bequemerer 
Anwendung, ist der Inhalt der ganzen Geometrie, - Eben so nun, wer diejenige Gestaltung des Satzes vom 
Grunde, welche den Inhalt jener Formen (der Zeit und des Raumes), ihre Wahrnehmbarkeit, d.i. die Materie, 
beherrscht, also das Gesetz der Kausalität erkannt hat; der hat eben damit das ganze Wesen der Materie als 
solcher erkannt: denn diese ist durch und durch nichts als Kausalität, welches Jeder unmittelbar einsieht, sobald 
er sich besinnt. Ihr Seyn nämlich ist ihr Wirken: kein anderes Seyn derselben ist auch nur zu denken möglich. Nur 
als wirkend füllt sie den Raum, füllt sie die Zeit: ihre Einwirkung auf das unmittelbare Objekt (das selbst Materie 
ist) bedingt die Anschauung, in der sie allein existirt: die Folge der Einwirkung jedes andern materiellen Objekts 
auf ein anderes wird nur erkannt, sofern das letztere jetzt anders als zuvor auf das unmittelbare Objekt einwirkt, 
ōŜǎǘŜƘǘ ƴǳǊ ŘŀǊƛƴΦ ¦ǊǎŀŎƘŜ ǳƴŘ ²ƛǊƪǳƴƎ ƛǎǘ ŀƭǎƻ Řŀǎ ƎŀƴȊŜ ²ŜǎŜƴ ŘŜǊ aŀǘŜǊƛŜΥ ƛƘǊ {Ŝȅƴ ƛǎǘ ƛƘǊ ²ƛǊƪŜƴΦ   Χ    
 
Χ bǳƴ ŀōŜǊ ŜǊƘŅƭǘ Řŀǎ DŜǎŜǘȊ ŘŜǊ YŀǳǎŀƭƛǘŅǘ ǎŜƛƴŜ .ŜŘŜǳǘǳƴƎ ǳƴŘ bƻǘƘǿŜƴŘƛƎƪŜƛǘ ŀƭƭŜƛƴ ŘŀŘǳǊŎƘΣ Řŀǖ Řŀǎ 
Wesen der Veränderung nicht im bloßen Wechsel der Zustände an sich, sondern vielmehr darin besteht, daß an 
dem selben Ort im Raum jetzt ein Zustand ist und darauf ein anderer, und zu einer und der selben bestimmten 
Zeit hier dieser Zustand und dort jener: nur diese gegenseitige Beschränkung der Zeit und des Raums durch 
einander giebt einer Regel, nach der die Veränderung vorgehn muß, Bedeutung und zugleich Nothwendigkeit. 
Was durch das Gesetz der Kausalität bestimmt wird, ist also nicht die Succession der Zustände in der bloßen 
Zeit, sondern diese Succession in Hinsicht auf einen bestimmten Raum, und nicht das Daseyn der Zustände an 
einem bestimmten Ort, sondern an diesem Ort zu einer bestimmten Zeit. Die Veränderung, d. h, der nach dem 
Kausalgesetz eintretende Wechsel, betrifft also jedesmal einen bestimmten Theil des Raumes und einen 
bestimmten Theil der Zeit zugleich und im Verein. Demzufolge vereinigt die Kausalität den Raum mit der Zeit. 
Wir haben aber gefunden, daß im Wirken, also in der Kausalität, das ganze Wesen der Materie besteht: folglich 
müssen auch in dieser Raum und Zeit vereinigt seyn, d.h. sie muß die Eigenschaften der Zeit und die des 
Raumes, so sehr sich Beide widerstreiten, zugleich an sich tragen, und was in jedem von jenen Beiden für sich 
unmöglich ist, muß sie in sich vereinigen, also die bestandlose Flucht der Zeit mit dem starren unveränderlichen 
Beharren des Raumes, die unendliche Theilbarkeit hat sie von Beiden. Diesem gemäß finden wir durch sie 
zuvörderst das Zugleichseyn herbeigeführt, welches weder in der bloßen Zeit, die kein Nebeneinander, noch im 
bloßen Raum, der kein Vor, Nach oder Jetzt kennt, seyn konnte. Das Zugleichseyn vieler Zustände aber macht 
eigentlich das Wesen der Wirklichkeit aus: denn durch dasselbe wird allererst die Dauer möglich, indem nämlich 
diese nur erkennbar ist an dem Wechsel des mit dem Dauernden zugleich Vorhandenen; aber auch nur mittelst 
des Dauernden im Wechsel erhält dieser jetzt den Charakter der Veränderung, d.h. des Wandels der Qualität 
und Form, beim Beharren der Substanz, d.i. der Materie. Im bloßen Raum wäre die Welt starr und unbeweglich: 
kein Nacheinander, keine Veränderung, kein Wirken: eben mit dem Wirken ist aber auch die Vorstellung der 
Materie aufgehoben. In der bloßen Zeit wiederum wäre alles flüchtig: kein Beharren, kein Nebeneinander und 
daher kein Zugleich, folglich keine Dauer: also wieder auch keine Materie. Erst durch die Vereinigung von Zeit 
und Raum erwächst die Materie, d.i. die Möglichkeit des Zugleichseyns und dadurch der Dauer, durch diese 
wieder des Beharrens der Substanz, bei der Veränderung der Zustände. Im Verein von Zeit und Raum ihr Wesen 
habend, trägt die Materie durchweg das Gepräge von Beiden. Sie beurkundet ihren Ursprung aus dem Raum, 
theils durch die Form, die von ihr unzertrennlich ist, besonders aber (weil der Wechsel allein der Zeit angehört, in 
dieser allein und für sich aber nichts Bleibendes ist) durch ihr Beharren (Substanz), dessen Gewißheit a priori 
daher ganz und gar von der des Raumes abzuleiten ist: ihren Ursprung aus der Zeit aber offenbart sie an der 
Qualität (Accidenz), ohne die sie nie erscheint, und welche schlechthin immer Kausalität, Wirken auf andere 
Materie, also Veränderung (ein Zeitbegriff) ist. Die Gesetzmäßigkeit dieses Wirkens aber bezieht sich immer auf 
Raum und Zeit zugleich und hat eben nur dadurch Bedeutung. Was für ein Zustand zu dieser Zeit an diesem Ort 
eintreten muß, ist die Bestimmung, auf welche ganz allein die Gesetzgebung der Kausalität sich erstreckt. Auf 
dieser Ableitung der Grundbestimmungen der Materie aus den uns a priori bewußten Formen unserer 
Erkenntniß beruht es, daß wir ihr gewisse Eigenschaften a priori zuerkennen, nämlich Raumerfüllung, d.i. 
Undurchdringlichkeit, d.i. Wirksamkeit, sodann Ausdehnung, unendliche Theilbarkeit, Beharrlichkeit, d.h. 
Unzerstörbarkeit, und endlich Beweglichkeit: hingegen ist die Schwere, ihrer Ausnahmslosigkeit ungeachtet, 
doch wohl der Erkenntniǖ ŀ ǇƻǎǘŜǊƛƻǊƛ ōŜƛȊǳȊŅƘƭŜƴΣ ƻōƎƭŜƛŎƘ Yŀƴǘ ƛƴ ŘŜƴ αaŜǘŀǇƘȅǎΦ !ƴŦŀƴƎǎƎǊΦ ŘΦ bŀǘǳǊǿƛǎǎΦάΣ 
S. 71 (Rosenkranz. Ausg., S. 372) sie als a priori erkennbar aufstellt. 
 
Wie aber das Objekt überhaupt nur für das Subjekt da ist, als dessen Vorstellung; so ist jede besondere Klasse 
von Vorstellungen nur für eine eben so besondere Bestimmung im Subjekt da, die man ein Erkenntnißvermögen 
nennt. Das subjektive Korrelat von Zeit und Raum für sich, als leere Formen, hat Kant reine Sinnlichkeit genannt, 
welcher Ausdruck, weil Kant hier die Bahn brach, beibehalten werden mag; obgleich er nicht recht paßt, da 
Sinnlichkeit schon Materie voraussetzt. Das subjektive Korrelat der Materie oder der Kausalität, denn Beide sind 
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Eines, ist der Verstand, und er ist nichts außerdem. Kausalität erkennen ist seine einzige Funktion, seine alleinige 
Kraft, und es ist eine große, Vieles umfassende, von mannigfaltiger Anwendung, doch unverkennbarer Identität 
aller ihrer Äußerungen. Umgekehrt ist alle Kausalität, also alle Materie, mithin die ganze Wirklichkeit, nur für 
den Verstand, durch den Verstand, im Verstande. Die erste, einfachste, stets vorhandene Aeußerung des 
Verstandes ist die Anschauung der wirklichen Welt: diese ist durchaus Erkenntniß der Ursache aus der Wirkung: 
daher ist alle Anschauung intellektual. Es könnte dennoch nie zu ihr kommen, wenn nicht irgend eine Wirkung 
unmittelbar erkannt würde und dadurch zum Ausgangspunkte diente. Dieses aber ist die Wirkung auf die 
thierischen Leiber. Insofern sind diese die unmittelbaren Objekte des Subjekts: die Anschauung aller andern 
Objekte ist durch sie vermittelt. Die Veränderungen, welche jeder thierische Leib erfährt, werden unmittelbar 
erkannt, d.h. empfunden, und indem sogleich diese Wirkung auf ihre Ursache bezogen wird, entsteht die 
Anschauung der letzteren als eines Objekts. Diese Beziehung ist kein Schluß in abstrakten Begriffen, geschieht 
nicht durch Reflexion, nicht mit Willkür, sondern unmittelbar, nothwendig und sicher. Sie ist die Erkenntnißweise 
des reinen Verstandes, ohne welchen es nie zur Anschauung käme; sondern nur ein dumpfes, pflanzenartiges 
Bewußtsein der Veränderungen des unmittelbaren Objekts übrig bliebe, die völlig bedeutungslos auf einander 
folgten, wenn sie nicht etwan als Schmerz oder Wollust eine Bedeutung für den Willen hätten. Aber wie mit dem 
Eintritt der Sonne die sichtbare Welt dasteht; so verwandelt der Verstand mit einem Schlage, durch seine 
einzige, einfache Funktion, die dumpfe, nichtssagende Empfindung in Anschauung. Was das Auge, das Ohr, die 
Hand empfindet, ist nicht die Anschauung: es sind bloße Data. Erst indem der Verstand von der Wirkung auf die 
Ursache übergeht, steht die Welt da, als Anschauung im Raume ausgebreitet, der Gestalt nach wechselnd, der 
Materie nach durch alle Zeit beharrend: denn er vereinigt Raum und Zeit in der Vorstellung Materie, d.i. 
Wirksamkeit. Diese Welt als Vorstellung ist, wie nur durch den Verstand, auch nur für den Verstand da. Im 
ŜǊǎǘŜƴ YŀǇƛǘŜƭ ƳŜƛƴŜǊ !ōƘŀƴŘƭǳƴƎ α¦ŜōŜǊ Řŀǎ {ŜƘƴ ǳƴŘ ŘƛŜ CŀǊōŜƴά ƘŀōŜ ƛŎƘ ōŜǊŜƛǘǎ ŀǳǎŜƛƴŀƴŘŜǊƎŜǎŜǘȊǘΣ ǿƛŜ 
aus den Datis, welche die Sinne liefern, der Verstand die Anschauung schafft, wie durch Vergleichung der 
Eindrücke, welche vom nämlichen Objekt die verschiedenen Sinne erhalten, das Kind die Anschauung erlernt, 
wie eben nur dieses den Aufschluß über so viele Sinnenphänomene giebt, über das einfache Sehn mit zwei 
Augen, über das Doppeltsehn beim Schielen, oder bei ungleicher Entfernung hinter einander stehender 
Gegenstände, die man zugleich ins Auge faßt, und über allen Schein, welcher durch eine plötzliche Veränderung 
ŀƴ ŘŜƴ {ƛƴƴŜǎǿŜǊƪȊŜǳƎŜƴ ƘŜǊǾƻǊƎŜōǊŀŎƘǘ ǿƛǊŘΦά 

 
{ŎƘƻǇŜƴƘŀǳŜǊΩǎ ǿƛƭƭ ϧ ό9ƛƴǎǘŜƛƴΩǎύ cosmic energy 

 
(ZiR) S. 110: α5ŜǊ ²ƛƭƭŜ ƛǎǘ Řŀǎ ǾŜǊōƛƴŘŜƴŘŜ .ŀƴŘ ȊǿƛǎŎƘŜƴ ŀƭƭŜƴ [ŜōŜǿŜǎŜƴΤ Χ Alles was ist, ist nur Erscheinung 
Ǿƻƴ ²ƛƭƭŜƴΣ ǾŜǊƪǀǊǇŜǊǘŜǊ ²ƛƭƭŜΦ  Χ 5ƛŜ ²Ŝƭǘ ƛǎǘ ŦǸǊ ǳƴǎ ±ƻǊǎǘŜƭƭǳƴƎΣ ƛƴ ²ŀƘǊƘŜƛǘ ŀōŜǊ ƛǎǘ ǎƛŜ ²ƛƭƭŜΣ ŘƛŜ 9ǊǎŎƘŜƛƴǳƴƎ 
einer in allem Leben wirkende Kraft, eine irrational kosmische Energie, die sich im Prisma unserer Erkenntnis in 
unendlichen Gestalten bricht, deren einzigen Zweck es ist: zu leben, also Ausdruck des Willens zu sein. Die Welt 
ŘŜǎ ²ƛƭƭŜƴ ƛǎǘ ȊǿŀǊ ŘƛŜ αǿŀƘǊŜά ²ŜƭǘΣ ŀōŜǊ ǎƛŜ ƛǎǘ ƴƛŎƘǘΣ ǿƛŜ tƭŀǘƻƴǎ ²Ŝƭǘ ŘŜǊ LŘŜŜƴΣ ƧŜƴǎŜƛǘƛƎ ǳƴŘ ǘǊŀƴǎȊŜƴŘŜƴǘΦ 
Es ist die Welt, in der wir leben: Sie erscheint uns als Vorstellung, aber die Vorstellung ist nur die Form, in der der 
Mensch die Welt des Willens erkennt. Damit hat Schopenhauer die Welt auf jene beiden Begriffe gebracht, um 
die sich seine ganze Philosophie dreht: Wille und Vorstellung, die Tiefendimensionen der Welt und ihre Form der 
Erscheinung. 
 
Die Idee einer Tiefenrealität in Form einer in der Natur allseits wirkenden Kraft war keineswegs neu (Alexander 
ǾΦ IǳƳōƻƭŘǘΣ !ƴǎƛŎƘǘŜƴ ǸōŜǊ ŘƛŜ bŀǘǳǊάΣ αŜǿƛƎŜΣ ŀƭƭ-ǾŜǊōǊŜƛǘŜǘŜ YǊŀŦǘά). 
 
Der Schopenhauersche Wille hat keinen Urheber, er darf also nicht mit dem Willen einer Person verwechselt 
werden. Er ist auch keine Ursache von irgendetwas ς den Zusammenhang zwischen Ursache und Wirkung gibt 
es nur in der Welt der Vorstellungen. Schopenhauers Wille ist schlicht die letzte Realität, eine kosmische Energie, 
die keine Frage nach dem Warum oder Wozu mehr zulässt.ά 
 
ό9ƛ!мύ ǇΦ мфΥ αBut there is a third state of religious experience which belongs to all of them, even though it is 
rarely found in a pure form, and which I will call cosmic religious feeling. It is very difficult to explain this feeling 
to anyone who is entirely without it, especially as there is no anthropomorphic conception of God corresponding 
to it. 
The individual feels the nothingness of human desires and aims and the sublimity and marvellous order which 
reveal themselves both in nature and in the world of thought. He looks upon individual existence as a sort of 
prison and wants to experience the universe as a single significant whole. The beginnings of cosmic religious 
feeling already appear in earlier stages of development--e.g., in many of the Psalms of David and in some of the 




