Physics 756 Assignment 1 
1. Percolation 

Write a program to study percolation on a square lattice with L x L sites and periodic boundary conditions. Let aij denote the occupation of the site (i,j) - either 0 or 1. Use a random number generator to set aij = 1 for N random sites and aij =  0 for the rest. The concentration is then p = N/L2. 

Let bij denote the cluster to which site (i,j) belongs, i.e. bij = k for all sites that belong to cluster k, and let bij = 0 if (i,j) is an empty site. Write an algorithm that will assign the bij values correctly. It does not matter what value k is assigned to each cluster. What matters is that every cluster has a different k and that all sites in the same cluster have the same k.

It would be useful to have some way of drawing the lattice so that you can tell whether your algorithm works, but graphics is not essential for any of the questions that follow.

Let smax be the size of the largest cluster in the lattice. Let Pmax = smax/L2 be the fraction of sites on the largest cluster. Calculate Pmax as a function of p, for p in the range 0.5 to 0.7. Consider several different lattice sizes and plot the curve Pmax(p) for each lattice size. Show that as L increases, the curve approximates the behaviour that we expect for P( in the infinite system. To get smooth curves you will need to average over many lattices of each size.
2. Cluster Size Distribution
ns is the number of clusters of size s per unit area. The probability that an occupied site is in a cluster of size s is
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Calculate the distribution f(s) for some value of p below pc, so that the mean cluster size is finite. Take an average over many different lattices in order to get a smooth curve. Choose a large L so that the cluster sizes are not strongly influenced by the lattice size. Calculate the mean cluster size S and look at the way it depends on p as p approaches p​c.
3. Fractal Dimension
Generate clusters using the above program with p = pc = 0.5927. Count the largest cluster on the lattice as an ‘infinite’ cluster. Estimate the fractal dimension of the infinite cluster by measuring the mean number of sites in square regions of increasing size centred on an occupied site in the infinite cluster close to the middle of the lattice.
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