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266.

STUDIES OF NON LINEAR PROBLEMS

E. FERMI, J. PASTA, and S. ULAM
Document LA-1940 (May 1955).

ABSTRACT.

A one-dimensional dynamical system of 64 particles with forces between neighbors.
containing nonlinear terms has becen studied on the Los Alamos computer MANIAC 1. The
nonlinear terms considered are quadratic, cubic, and broken linear types. The results are
analyzed into Fourier components and plotted as a function of time.

diverging heat conductivity

Lepri, Livi, Politi
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Tracking soccer players aiming their kinematical motion analysis

*, Ricardo M.L. Barros °

Pascual J. Figueroa , Neucimar J. Leite®
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tracers motionw inv chaotic fluids
Weeks, Urbach, Solomon, Swiruney




@~ Clay Mathematics Institute
r =/ " ") Dedicated to increasing and disseminating mathematical knowledge

L

Navier-Stokes Equation

HOME ABOUT CMI PROGRAMS NEWS & EVENTS AWARDS SCHOLARS PUBLICATIONS

L The Mille

b Official P
Charles |

Waves follow our boat as we meander across the lake, and turbulent air
currents follow our flight in @ modern jet. Mathematicians and physicists “ Lecture [k

believe that an explanation for and the prediction of both the breeze and the
turbulence can be found through an understanding of solutions to the

Navier-Stokes equations. Although these equations were written down in the
19th Century, our understanding of them remains minimal. The challenge is to

make substantial progress toward a mathematical theory which will unlock the
secrets hidden in the Navier-Stokes equations.

good avvswer iy worthv 1 milliow $




Vol 453|22 May 2008 |doi:10.1038/nature06948

heawy tailed distributiow of scattering centers

A Levy flight for light

Pierre Barthelemy’, Jacopo Bertolotti' & Diederik S. Wiersma'

Levy transport Diffusive transport
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Ratchet
effect - Pawrondo paradox

Game A - simple coin
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wing probability 1/2 -€
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examples of deterministic transport







sbace-periodic systems

Loventy gas
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the simplest example: 1d maps
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Microscopic instability: Lyapunov exponent

Travsport properties: diffusion constant
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Microscopic instability: Lyapunov exponent

Travsport properties: diffusion constant
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Radony quenched disorder
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Sonders, Larralde



FIG. 13: (Color online) Fammbhes of trapped and propagating periodic
orbits in parallel systems.




nown-triviad transport without chaos




Log(Dna2)
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- Log(t) |
FIG. 4. Asymptotic dependence of log{An?) on logt for

K=L =5 h=2x/(18+pgm) (solid line): The dashed line has a
slope 2Dy =1.36, while the dotted line has slope 1 (case of nor-

mal diffusion).

RA, Casati, Shepelyansky
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Transport exponenty

Anomalous behawior inv momenty spectrum

(21— wol) ~ 7@

Normald, gaussion transport yields B (q)=q/2

Different pawrameter values
' for the standowrd map




The approach

= Trowsfer matrix - Pervow Frobenius operator

fixed point

__--—-..




Chaos: Classical and Quantum

Part I: Deterministic Chaos

Predrag Cvitanovi¢, Roberto Artuso, Ronnie
Mainieri, Gregor Tanner and Gabor Vattay
formerly of CATS

www.chaosbook.org



http://www.chaosbook.org
http://www.chaosbook.org
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Unbounded vs torus dynamics

forse qualcosa di wmeglio

N

Cowe/gpoW s complete once we assigrv
“lumping numbers’ o
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Statistical mechanicsy approach

I I R

i= 1 2 3 4 5
si= 41 —1 -1 +1 +1

1d Ising pawtition functionw

Zn(BH) = 3 e 9Esd) _ gy
{si}

leading eigevwalue yields Gibbs free energy

spectral gap rules sbatiald covrelation decay




dynamical systems transfer oberator

/ﬂ dzo(z)(F o T)(z) = / dx(Lo)(¢)F (z)

N

evolution o
evolution o

probalbility densities
observalbles (Koopman) (Perrom-Frobenius)

sbectral onalysis of L

1 s the leading eigevwalue (wariont measure)
the spectral gap rules temporval correlatiov decay




trawysfer operators and transport

> Few) = [ del2)da-T(:)

y: ' I'y=x

the spectral problenwv iy inv general highly now

triviali even the choice of avfunctiow sbace is
delicate (this s not o mathematical detail: ugly
observables generally decay at o slower rate).




(Lgh) (x) = /Q dz h(z) P TE)=2)§(z — T(2))

what’s the wse?

Gn(3) = <66(T”(fco)—a¢o)>0 ~ \(B)"

the generating functiow grows asymptotically as

momenty awe obtained by Taylor expansion of G




how to-compute A (B)

smallest zeroes of generalized zeta functions

product over the set of unstalble periodic
orbity of the dynamical systems
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set of wnstable periodic ovbity






















transport and analytic properties

<( o k 1 e ds eS" d —1 —S5
Tp — o) )o ~ o se Eln [Cﬁ,(())(e )]

3=0

2 a-+100 83 —1 o~ S
D = lim L d ( ! / ds e’ Cﬁ’(o)( )>
a—100 5=0

Cg_,%o) (e=)

analytic proberties of zeto functions near their
furst zero-give the asympotics of momenty (viaw
Tauwberion theorems for Laplace transforms)

RA, Cristadoro, Dahlqvist




Quaditative 1 -d intermittency
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Quaditative 1-d intermittency
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Quaditative 1 -d intermittency

1
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le zero- (polynomial)

“weak chaos” nonw anadytic behavior




take-home message

eveww low -dimensionad dynamicald systems conv
brovide a richv vawriety of transport properties
(diffusion, anomalows scaling, ratchet behavior)

analysis inv terms of peviodic orbity (zetow
functions) yields exact resuldty for some models, inv
the realwv of av puwely deterministic approachv
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