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Universität Leipzig

Heisenberg – Ostwald – Hertz – Leibniz – 
Müntzer – Lessing – Goethe – Wagner – Nietzsche – Kästner

Hans-Dietrich Genscher, Angela Merkel (Physics) 
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Thanks to Wilhelm and Else Heraeus!
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Early universe

Radiation (Photons, ...)
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Baryogenesis

Photons decayed reversibly to massive particles and anti-particles
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Our world is a left over due to 
symmetry breaking

Our world is a left over due to 
symmetry breaking

Most of matter and antimatter anihilated again

But a bit was left over...

to become our world...
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EmergenceEmergence
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Knowing the equations = understanding the phenomenon?
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Levels of emergenceLevels of emergence

Atoms

Molecules and
condensed matter

Zellen

Tissues, organisms, cells

Ecosystems, 
planets

Planet-
systems

Galaxies

Structure
of universe

Quantum gravitation

F=
d
dt
mv
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Top-down = bottom-up?Top-down = bottom-up?

bottom-up:
reductionists miss
essential features of 
complex systems.

top-down: self-organizing 
matter is more powerful we 
ever might have imaginated.
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? ? ?
Chemistry
BZ-Reaction

Convection,Hydrodynamics

Dictyostelium

Dunes

Universal Organization
principles???

Same, same but different...
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Symmetry has to be broken to
increase structural complexity

SymmetrySymmetry
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Hydra vulgaris: stunning regeneration 
through symmetry breaking

Hydra vulgaris: stunning regeneration 
through symmetry breaking

Symmetry

Breaking
with OSCILLATIONS

New
Hydra

Dispersed
cells

Cell aggregate

Most cells can redifferentiate to build a new organism with 20000 cells
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“Androgenesis““Androgenesis“

Terminator

Biological materials can do it!!!
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Dictyostelium discoideumDictyostelium discoideum
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Retina, how can such entangled structures be organized?

Agte/Reichenbach, Paul Flechsig Institut
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What is due to self-organization, what is controlled in tissues?

Tissue formation: long range order through long or short 
range interaction?  What is important, forces, gradients or signaling?

Which internal elements from cell are essential for tissues?
To what extend can tissues be described as emergent 
entities similar to flowing water disregarding 
molecular properties of H

2
O?

What is the role of fluctuations and oscillations? 
Are they needed to exploit “phase space” similar 
to brownian motion for molecular transport?

QuestionsQuestions


