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Abraham & Bloch’s
multi-vibrator



1970: Assistant (working with Friedrich Seelig)
Department for Theoretical Biology, University of Tübingen

Analysis and Simulation of Biochemical Systems, 91-102, 1972 Dietrich Hoffmann

1972



1972

Prototype reaction scheme



Vienna, September 8-12, 1975

1975



October 7, 1975



The universal circuit

Alexandre Andronov

(1901-1952)

Lorenz 1963

Phase portrait

Topology

First-return map









Peak-to-peak fluctuations for sustained oscillations
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Endogeneous chaos
without external noise

Potential of bromide ion sensitive electrode

Exogeneous chaos
With external noise

Next-amplitude map



Lorenzian chaos

1976



Sandwich chaos

1976

൞

ሶ𝑥 = −𝑐𝑥 + 𝑏𝑦 + 𝑑
ሶ𝑦 = −𝑥 + 𝑦 − 𝑦𝑧

ሶ𝑧 = −𝑎𝑧 + 𝑦2



Horseshoe chaos

1976

Burke and Shaw attractor



Double scroll attractor

ሶ𝑥 = 𝑦 − 𝛿𝑧
ሶ𝑦 = −𝑥 + 2𝛾𝑦 + 𝛼𝑧 + 𝛽

ሶ𝑧 =
𝑥 − 𝑧 + 𝑧3

𝜇

1977
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Lorenzian chaos 
without any symmetry

1978



Hyperchaos
1979

ሶ𝑥 = 𝑦 − 𝑧
ሶ𝑦 = 𝑥 + 0.25𝑦 + 𝑤
ሶ𝑧 = 3 + 𝑥𝑧
ሶ𝑤 = −0.5𝑧 + 0.05𝑤

Hey, we are waiting

for templex…
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