
Kepler’s 3 laws 3-body problem

Reminder:  last class

http://astro.unl.edu/naap/pos/animations/kepler.swf
http://astro.unl.edu/naap/pos/animations/kepler.swf
http://www.upscale.utoronto.ca/GeneralInterest/Harrison/Flash/Chaos/ThreeBody/ThreeBody.html
http://www.upscale.utoronto.ca/GeneralInterest/Harrison/Flash/Chaos/ThreeBody/ThreeBody.html


15 mm

Dilute Fluid
φ = 0.34

Molecular Dynamics Simulations

http://www.youtube.com/watch?v=t5ZFoU0S5iE
http://www.youtube.com/watch?v=t5ZFoU0S5iE


How do we describe systems with large N of  particles?

Falcon attacks a flock of starlings



Swarming:

How do we describe systems with large N of  particles?



Traffic flow:

How do we describe systems with large N of  particles?



How do we describe systems with large N of  particles?



1st example:
Brownian motion



Brownian motion



“Brownian” motionÜbersicht
Brownsche Bewegung - Historischer Überblick

Relativistische Di�usionsprozesse
Fazit

Jan Ingen-Housz (1730-1799)

1784/1785:

http://www.physik.uni-augsburg.de/theo1/hanggi/History/BM-History.html

Jörn Dunkel Di�usionsprozesse und Thermostatistik in der speziellen Relativitätstheorie



Übersicht
Brownsche Bewegung - Historischer Überblick

Relativistische Di�usionsprozesse
Fazit

Robert Brown (1773-1858)

1827: irreguläre Eigenbewegung von Pollen in Flüssigkeit

http://www.brianjford.com/wbbrownc.htm

Jörn Dunkel Di�usionsprozesse und Thermostatistik in der speziellen Relativitätstheorie

irregular motion of pollen in fluid

Linnean Society (London)



Brownian motion

David Walker

Mark Haw



Übersicht
Brownsche Bewegung - Historischer Überblick

Relativistische Di�usionsprozesse
Fazit

Jean Baptiste Perrin (1870-1942, Nobelpreis 1926)

Mouvement brownien et réalité moléculaire, Annales de chimie et de
physique VIII 18, 5-114 (1909)

Les Atomes, Paris, Alcan (1913)

� colloidal particles of
radius 0.53µm

� successive positions
every 30 seconds
joined by straight line
segments

� mesh size is 3.2µm

Experimenteller Nachweis der atomistischen Struktur der Materie

Jörn Dunkel Di�usionsprozesse und Thermostatistik in der speziellen Relativitätstheorie

experimental evidence for 
atomistic structure of matter

Nobel prize 
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Norbert Wiener
(1894-1864)

MIT



This animation depicts the diffusion of a discrete mass released at (x = 0, y = 0, t = 0). The diffusion is 
anisotropic, Dx = 4 Dy. The length scales grow in proportion to the square root of the diffusion, such that 
the dimensions of the cloud are anisotropic, with Lx = 2 Ly. Note that the profiles of concentration along 
the x- and y-axes are Gaussian in shape.

Diffusion of  an Instantaneous Point Source


