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Beispiele: Relativistisch invariante Feldgleichungen,
nach den Entdeckern benannt:

s=0 S=1/2 s=1
Skalarfeld Spinorfeld Vektorfeld
m=0 D'Alembert Weyl Maxwell
m >0 Klein-Gordon Dirac Proca

Hierbei

s = Spinquantenzahl ,
m = Ruhmasse zugeordneter Teilchen gemaf 1. Quantisierung



Feld breitet sich aus mit ...

/\

...Nahewirkung, ... Instantaner Fernwirkung.

d.h. mit endlicher Geschwindigkeit Beispiel: Newtonsche Gravitation.
Modelliert durch hyperbolische

... Wellendiffusion. D.h. es gibt eine ... mit einheitlicher Geschwindigkeit
Vorderfront mit Maximalgeschwindigkeit (sog. Huygenssches Prinzip).
sowie nachlaufende Wellen.




Fundamentaler Unterschied

Lineare Differentialgleichungen gentigen dem Superpositionsprinzip;
dieses modelliert wechselwirkungsfreie Uberlagerung.

Nichtlineare Differentialgleichungen modellieren Selbstorganisation und Synergien.

Insbesondere
Blow-up in finite time u.a. Singularitaten,
Turbulenz, Phasenumschlag, Bifurkation,
Solitonen u.a. teilchenartige Losungen,
Zellen, Clusters,
Attraktoren, ...




olitonenwellen auf dem Fluss Severn (GB)
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10.

RESULTS

Let (M, g) be a plane-wave spacetime of even dimension n. If n =26, 0 < p < n, then the De Rham wave equation for p-forms is
Huygens.The like, if n =4, 1 <p <n -1, then the p-form Maxwell equations are Huygens.

The recursive structure of Hadamard's coefficients to the p-form De Rham -Laplace equations (p =0, 1, ..., n) leads to the
‘fantastic cancellation” of McKean and Singer and to a new simple proof of the Gauss-Bonnet-Chern integral theorem.

Necessary conditions (in tensorial form) as well as sufficient conditions (= classes of examples) for Huygens® principle (HP) to
a hyperbolic operator L= g2» D, D, + W, acting on sections of a vector bundle, are derived. The existence of a logarithm-free
elementary solution for any type of L (elliptic, hyperbolic, ultrahyperbolic, or holomorphic) is studied as a natural generalization
of HP.

Cauchy's problem to the Bach field equations of general relativity is analyzed. The constraints are studied as nonlinear elliptic
equations.

An existence theorem for the Bach-Einstein gravitational field equations is proved: these admit a one-parameter family of
conformally non-flat centrally symmetric static solutions without singularity.

An algebraic algorithm (suited for computer implementation) for the Taylor expansion of Hadamard's coefficients is presented.
An explicit expression for the Korteweg-de Vries hierarchy is found, together with other formulas for this hierarchy.

The volume of truncated light cones in any Lorentzian manifold contains the information whether or not the manifold is flat or is
Ricci-flat.

A natural generalization of harmonic manifolds is proposed: harmonic Laplace-like operators. This new concept leads to
interesting necessary conditions as well as sufficient conditions.

The Helmholtz exceptional numbers of an even-dimensional harmonic manifold are introduced as the numbers A for which
the Helmholtz equation Au + Au = 0 admits a logarithm-free elementary solution. These exceptional numbers are explicitly
found for the symmetric spaces of rank one.

and more ...



