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(buttertly effect) slailgy il

Lorenz System:
= 0oy — 0X
=rx—y—XZ
= —bz + xy
=10
b=8/3
r =28 207

0 ¢ 50

]nlaal Condlaons' Fig. 1.24 The x-coordinate of two evolutions of the Lorenz system (1.28) with nearby initial

X = y — 7 = O 2 states, as a function of time: an illustration of sensitive dependence on initial state.
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Dynamical Systems and Chaos, Page 50
Broer and Takens, “Dynamical Systems and Chaos”, Springer, 2011.
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Blowup of Koch Curve

One-quarter of the Koch curve (top)
is magnified by a factor of 3. Due to
the self-similarity of the Koch curve
the result is a copy of the whole
curve.
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Figure 3.10

Chaos and Fractals, page 139
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.




Chaos and Fractals, page 139
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.

Prisoner Set for

c=-05+4+0052

The prisoner set for z — 22 + ¢,
¢ = —0.5 + 0.57 is shown in black.
Points outside escape to infinity. The
framed region is enlarged in figure
13.16.

Figure 13.15

Blowups of Prisoner Set for

¢c=-05+0.5

The prisoner set for 2 — 22 + ¢,
¢ = —0.5+0.57 from figure 13.15 is
successively enlarged near a bound-
ary point. Each picture (from left to
right) is a computation of the small
framed region in the previous one.

Figure 13.16
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Logistic map: bifurcation diagram

Jx_,r)=rx (1-x_) .
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Data 2 CHAOS
deterministic
X(n+1) = 3.95 x(n) [1-x(n)]

!

x(n+1)

x(n)

Phase Space is Low Dimensional

d— oo, random| d=1, chaos
phase space
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Feigenbaum Diagram:
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Chaos and Fractals, page 545
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.
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(stretch and fold) by g 28 |

stretch fold stretch

Kneading with a Rolling Pin

Kneading as a feedback process:

stretch, fold, stretch, and so on. Jl.w «s“’ ‘9'“ 5 T el onss
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Chaos and Fractals, page 496
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.
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Cauliflower Self-Similarity

The self-similarity of an ordinary
cauliflower 1s demonstrated by dis-
section and two successive enlarge-
ments (bottom). The small pieces
look similar to the whole cauliflower

head.

Figure 2.1
Chaos and Fractals, page 62

Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.
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Plate 3: Broccoli Romanesco.
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Chaos and Fractals, page 130+
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.




Plate 8: Fractal coast, repeating after 6 magnifications, © R.F. Voss.

Chaos and Fractals, page 130+
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.
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Plate 2: Cast of a child's kidney, venous and arterial system,
© Manfred Kage, Institut fir wissenschatftliche Fotografie.

Chaos and Fractals, page 130+
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.
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Plate 4: Wadi Hadramaut, Gemini IV image, © Dr. Vehrenberg KG.
Chaos and Fractals, page 130+
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.
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< Two Reasons to Compute 7

However, there are two new reasons for this excessive digit hunting. The
first one is related to a longstanding conjecture which states that the digits in
7 as well as the pairs of digits, the triplets of digits, and so on are uniformly
distributed. In mathematical terms, 7 is believed to be a normal number. By
extensive computer study, one may be able to find signs about the truth or
falsity of this conjecture. At least up to the digits computed so far, statistical
tests indicate that 7 is, in fact, normal.*" Of course, this is far from a proof.
The other reason why programs for the calculation of 7 should be written is
that they can be used to effectively test the reliability of computer hardware.
It is claimed that some computer manufacturers indeed perform such tests.!
Even the smallest error at any operation in the calculation will invariably
produce wrong digits from some place on, and these errors are very obviously
detectable.

Chaos and Fractals, page 156
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.
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<+ Is There a Message in 1T

The advanced and more recent efforts to compute 7+ may have inspired Carl
Sagan to a part of his novel Contact™ where he presents speculation about
a hidden pattern or message God may have provided in the digits of . In
the story a super computer makes a discovery after countless hours of number
crunching: the sequence of digits of m, located very far from the beginning,
interpreted bitwise and displayed as a rectangular picture, shows a well-known
figure — a circle. The novel concludes:

“In whatever galaxy you happen to find yourself, you take the circumfer-
ence of a circle, divide by its diameter, measure closely enough, and uncover a
miracle — another circle, drawn kilometers downstream of the decimal point.
There would be richer messages further in. It doesn’t matter what you look
like, or what you're made of, or where you come from. As long as you live in
this universe, and have a modest talent for mathematics, sooner or later you’ll
find 1it. It’s already here. It’s inside everything. You don’t have to leave your
planet to find it. In the fabric of space and in the nature of matter, as in a
oreat work of art, there is, written in small, the artist’s signature. Standing
over humans, gods, and demons, [...] there is an intelligence that antedates
the universe.”

Chaos and Fractals, page 157
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.
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Hilborn

Oxford University Press Chaos and
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Chaos and Nonlinear Dynamics, cover
Hilborn, “Chaos and Nonlinear Dynamics”, Oxford University Press, 2000.




Choas and Fractals, New Frontiers of Science, 2"! Edition

Peitgen, Jurgens and Saupe

Springel‘ Peitgen Jirgens Saupe

2004 Chaos and Fractals

New Frontiers of Science

SECOND EDITION

Springer-Verlag
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Chaos and Fractals, cover
Paitgen , Jurgens and Saupe, “Chaos and Fractals”, Springer, 2004.




Dynamical Systems and Choas
Broer and Takens
Springer

Henk Broer
2011 Floris Takens

APPLIED MATHEMATICAL SCIENCES

Dynamical
Systems
and Chaos

@ Springer
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Dynamical Systems and Chaos, cover
Broer and Takens, “Dynamical Systems and Chaos”, Springer, 2011.




Nonlinear Dynamics in Complex Systems

‘?g;m er .

Fuchs inger

Sprlnger Armin Fuchs

Nonlinear
Dynamics

2013

in Complex
Systems

THEORY
AND APPLICATIONS
I FOR THE LIFE-,
[ g NEURO-

4 |\ AND NATURAL
__*..__.'\j%;@css

@ Springery

Nonlinear Dynamics in Complex Systems, cover
Fuchs, “Nonlinear Dynamics in Complex Systems”, Springer, 2013.
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Application of Chaos and Nonlinear Dynamics in Engineering —
Vol. 1

Banerjee, Mitra and Rondoni

Understanding Complex Systems Springer :
COMPLEXITY

Springer Santo Banerjee
Mala Mitra
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Application of Chaos and Nonlinear Dynamics in Engineering—Vol. 1, cover
Banerjee et al., “Application of Chaos and Nonlinear Dynamics in Engineering—Vol. 17, Springer, 2011.




Application of Chaos and Nonlinear Dynamics in Science and
Engineering — VOl’ 2 Understanding Complex Systems

Banerjee, Rondoni and Mitra

Springer .
COMPLEXITY

o Santo Banerjee
Sprlnger Lamberto Rondoni

Mala Mitra Editors
2012

Applications of

Chaos and Nonlinear
Dynamics in Science
and Engineering -
Vol. 2

%) Springer

Application of Chaos and Nonlinear Dynamics in Science and Engineering—Vol. 2, cover
Banerjee, Rondoni and Mitra., “Application of Chaos and Nonlinear Dynamics in Science and
Engineering—Vol. 2”, Springer, 2011.
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Application of Chaos and Nonlinear Dynamics in Science and
Engineering — VO]' 3 Understanding Complex Systems Springer :

PLEXITY

Banerjee and Rondoni

Sprlnger Santo Banerjee
Lamberto Rondoni Editors
2013

Applications of

Chaos and Nonlinear
Dynamics in Science
and Engineering -
Vol. 3

@ Springer

Application of Chaos and Nonlinear Dynamics in Science and Engineering—Vol. 3, cover
Banerjee and Rondoni, “Application of Chaos and Nonlinear Dynamics in Science and Engineering —
Vol. 3”, Springer, 2013.
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