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

REPETITIVE HARD BIFIIRCATION IN A HOMOGENEQUS REACTION SYSTEM

0. E. ROSSLER and D, HOFFMANN
D1v1510n of Theoretical Chemistry, !llniversity of Titbingen,
West Germany

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

Dietrich Hoffmann

This paper consists of three parts. First, theoretical evidence
that the Belousov-~Zhahotinsky reaction (BZR) is a Bonhoeffer
oscillator, i.e. a special type of chemical hysteresis oscill-
ator, is presented. Second, a brief account of the qualitative
theory of chemical relaxation oscillators is given, centering
around the notion of hard bifurcation. Finally, some connect-

ions hetwn~— ! reneous and nonhomogeneous chemical hifurcat-
- vinted out.
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J. theor. Biol. (1972) 36, 413417

A Principle for Chemical Multivibration

Prototype reaction scheme
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130 JOURNAL OF THE ATMOSPHERIC SCIENCES

Deterministic Nonperiodic Flow!

PURDUE UNIVERSITY Epwarp N. Lorenz
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URCATIONS AND DYNAMIC COMPLEXITY IN
SIMPLE ECOLOGICAL MODELS

ROBERT M. MAY AND GEORGE F. OSTER
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The universal circuit Lorenz 1963
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Tueorem 1. Let J be an interval and let F: J— T be continuous.
which the points b = F(a), ¢ = F*(a) and d = F(a), satisfy

d=a<b<clordza>b=>c).

Then

TI: for every k =1,2,--- there is a periodic point in J havin
Furthermore,

T2: there is an uncountable set S CJ (containing no periodic
the following conditions:

(A) For evéry p,q € S with p# g,

2.1 lir:ljyn\F”(p)—f‘"(q)i>0

and

(2.2) IiTiPHF”(p)—F"(qH =0.
(B) For every p € S and periodic point q € J,

limsup | F*(p)— F"(q)| > 0.

Remarks. Notice that if there is a periodic point with period 3, th
will be :atisfied.

Slow motion

Royal McBee LGP 300

7 ata




Chaotic Behavior in Simple Reaction Systems
Otto E, Rossler

Institut fiir Physikalische und Theoretische Chemie der Universitit Tiibingen

(Z, Naturforsch. 31a, 259—264-[1976] ; received January 5, 1976)

Chemical system theory, exotic kinetics, nonperiodic oscillation, 3-variable dynamical systems,
strange atiractors

X I I T
P T L e




(a) Nearly linear mode. (b) Relaxation mode.
(= limit cycle) (= limit cycle)

(d) Chaos-producing mode (see text).

ircuit. s.m.= slow manifold, u.f.= unstable
Jow manifold in (b) and (d) is unstable, f.s.t.
“thed trajectory”, rev.fl.= reversed direction
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LArs Forke OLSEN
Hans DEGN

Chaos in an enzyme reaction

a 23 Institute of Biochemistry,

i
| WA

Odense University,
Odense, Denmark

il

3 A 1) 19
solutions. The argument is based on a theorem by Li and
Yorke®. Here we report the finding of chaotic behaviour as
an experimental result in an enzyme system (peroxidase).
Like Rossler’ we base our identification of chaos on the
theorem by Li and Yorke®.

Nature Vol. 267 12 May 1977
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The Chemical Engineering Journal, 12 (1976) 9-21 7
© Elsevier Sequoia S.A., Lausanne. Printed in the Netherlan £

The Belousov—Zhabotinskii Reaction in / ™%

K. R. GRAZIANI*, J. L. HUDSON** and R. / /

I 1 1 I 1 !

a\ Amplitude of Oscillation
{peak-to-peok }
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Fig. 3. Effect of sodium bromate feed rate on oscillations:

(2) 1.28 ml min~!; (b) 1.32 ml min~!, the normal flow rate of
bromate for a total flow of 4.7 ml min~!; (¢) 1.33 ml min~!;
(d) 1.36 ml min~!,

Peak-to-peak fluctuations for sustained oscillations




Experimental evidence of chaotic states in the
Belousov-Zhabotinskii reaction

R. A. Schmitz, K. R. Graziani,® and J. L. Hudson?

Department of Chemical Engineering, University of Illinois, Urbana, Illinois 61801
{Received 3 May 1977)

Experimental results are reported which show strong evidence that the Belousov-Zhabotinskii reaction
proceeds in an intrinsic chaotic (sustained time-dependent, nonperiodic) manner over a range of residence
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THEe Belousov—Zhabotinskii reaction is a chernical Bonhocffer-- Kraus WEGMANN
van der Pol circuit, that is, a relaxation oseillator that can be ryn  ical Plant Physiology,
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type’ chaos®® are possible in such systems, We present here pre-
ID‘ 1 liminary evidence for the occurrence of screw-type chaos in the
Zhabotinskii reaction,
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Different Kinds of Chaotic Oscillations  Exogeneous chaos .- =
With external noise "' _22287" -

in the Belousov-Zhabotinskii Reaction

Klaus Wegmann
Institut fiir Chemische Pflanzenphysiologie der Universitit

and

Otto I&. Rossler

Institut fiir Physikalische und Theoretische Chemie der Ut
Institut fiir Theoretische Physik der Universitiit Stuttgart
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potential

Potential of bromide ion sensitive electrode
Z. Naturforsch. 88a, 1179— 1183 (1978); received July 19, 1978




Different Types of Chaos in Two Simple Differential Equations™
Otto E. Réssler

Institute for Physical and Theoretical Chemistry, Division of Theoretical Chemistry,
University of Tiibingen

(Z. Naturforsch. 31 a, 1664 — 1670 [1976] ; received November 10, 1970)

Lorenzian chaos




Different Types of Chaos in Two Simple Differential Equations™
Otto E. Rossler 1976

Institute for Physical and Theoretical Chemistry, Division of Theoretical Chemistry,
University of Tiibingen

(Z. Naturforsch. 31 a, 1664 — 1670 [1976] ; received November 10, 1970)

Sandwich chaos
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Otto E. Rossler

Institute for Physical and Theoretical Chemistry, Division of Theoretical Chemistry,
University of Tiibingen

Different Types of Chaos in Two Simple Differential Equations -
-1976

(Z. Naturforsch. 31 a, 1664 — 1670 [1976] ; received November 10, 1970)

Horseshoe chaos

Strange Attractors, Chaotic Behavior, and Information Flow *
s Burke and Shaw attractor

Physics Department, University of California, Santa Cruz, California 95064, USA

Z. Naturforsch. 36a, 80—112 (1981); received October 15, 1980

V= Saddles
0O Foci




Double scroll attractor

Rossler, O. E. [1977] “Continuous chaos,” Synergetics,
ed. Haken, H., Proc. Int. Workshop on Synergetics at
Schloss Elmau (Bavaria, May 2-7, 1977) (Springer-
Verlag), pp. 184-197.
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1977 l A simple autogenerator with stochastic behavior

A. S. Pikovskii and M. |. Rabinovich

Gor'kii Radiophysics Scientific Research Institute

(Presented by Academician A. V. Gaponov-Grekhov, November 12, 1977)
(Submitted March 31, 1977)

Dokl. Akad. Nauk SSSR 239, 301-304 (March 1978)
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LorenZIan ChaOS Lecture Notes in Biomathematics 21, 51 (1978 1978

without any symmetry

STRANGE ATTRACTORS_IN 3-VARIABLE REACTION SYSTEMS

(e L ) X
ax h"[" XV — [.(!"' ¢ .J' Otto E. Roéssler
N . . Y+ K] Institute for Physical and Theoretical Chemistry

University of Tibingen and

J{_‘t_"[" Institute for Theoretical Physics
-
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k + Ixz — mz Peter J. Ortoleva
Department of Chemistry
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and

Indiana University, Bloomington, Indiana




Hyperchaos

Volume 71A, number 2,3 PHYSICS LETTERS

AN EQUATION FOR HYPERCHAOS
O.E. ROSSLER Hey, we are waiting

( . _ Institute for Physical and Theoretical Chemistry, fOI’ tem plex. -
X = y Z and Institute for Theoretical Physics, University o

y=x+025y+w
Zz=34+xz
w = —0.5z + 0.05w
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