


Stellenbosch University http://scholar.sun.ac.za

DECLARATION

I, the undersigned, hereby declare that the work contained in this thesis is my own
original work and that I have not previously in its entirety or in part submitted it at any

university for a degree.

ii



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za

1. Self-Organised Criticality 9

aspect ratio 3.8. Type B was polished with an aspect ratio of 2.0 and type C was polished with
an aspect ratio of 2.6.

The rice pile was formed by placing grains between two glass plates that were separated by a
distance of about 80 percent of the grain length. Grains were added at a slow rate at one closed
edge and allowed to leave the system at the other edge which was open.

The elongated grains were found to move in more or less coherent clusters and their dynamics
seem to be dominated by local friction. The rounded grains of type B were found to be very
difficult to stop once they were moving.

From the redistribution of mass during an avalanche the gravitational energy released was
calculated. This release of gravitational energy was used as a measure of the avalanche size.
For type A and type C rice the avalanche distribution was P(E) ~ E~® with a ~ 2.04. The
distribution of energy released does not change with increasing system size.

Rice of type B was observed to have a size distribution that falls off like a stretched expo-
nential P(E) ~ exp{—(E/Ep)"}. The systems with elongated grains thus seem to exhibit SOC
behaviour while those with rounded grains do not. This seems to be consistent with the idea that
the existence of local thresholds is an important ingredient for SOC behaviour to be observed.

Because the rounded grains flow so easily down the slope, it eliminates threshold dynamics.

1.5.4 Other examples of possible SOC systems

Here we briefly list a few more real systems that are believed to exhibit SOC behaviour.
It is believed that the formation of landscapes and landslides occurs through a SOC process.
In observations of landslides in the Himalayas, Noever [13] observed that the avalanche sizes,
measured by the volume of sand involved in a slide, are distributed according to a power-law. In a
series of controlled laboratory experiments on the formation of landscapes, Somfai et al. [14] also
observed that the avalanches leading to the formation of landscapes are power-law distributed.

It is also believed that the fluctuations in economics, such as price changes, are due to a self-
organising mechanism. In the 1960’s Mandelbrot [15] investigated the price changes of various
commodities and observed that these price changes also had a broad distribution.

Whether these systems are really poised at some critical point, remains to be verified. How-
ever, based on observations thus far it seems as if SOC is a useful framework within which one
can explain these phenomena. In the next chapter we discuss a simple cellular automaton, the

sandpile model, that has become the standard test-bed for studying SOC.
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