
PH550: Monte Carlo techniques in Statistical Physics 
 
Course Content/ Syllabus:  
 
Introduction: simulation methods, necessity of simulation, physical problems.  
Probability and distribution functions: an overview, special Probability Distributions, Binomial, 
Poisson, Normal and their relations in the limiting conditions, Uniform distribution, central limit 
theorem. Over view of thermodynamics and statistical mechanics: thermodynamic potentials, 
parameters, response functions, statistical ensembles, averages,  
partition functions, free energy, thermodynamic quantities.  
 
Markov process: Markov chain, transition matrix, probability of a state, equilibrium probability 
distribution. Steady state, global balance, discrete and continuous representation of time, 
master equation, condition of steady state and steady state distributions.  
 
Random number generator: Congruential method, frequency test, correlation test, parking lot 
test, random numbers of a given distribution. Monte Carlo simulation: Physical problems, MC 
estimates of statistical average. simple sampling and importance sampling techniques.  
Simple sampling MC: radioactive decay, boundary value problems, random walks, self- 
avoiding walks and percolation.  
Overview of phase transition and Ising model: Features of first and second order transitions, 
Phase diagrams, Features of critical phenomena, order parameter, critical phenomena in 
different systems, response, correlation and fluctuation, critical opalescence. Ising model, 
ground state, Ferro-para magnetic transition.  
 
Importance sampling MC: Ergodicity and detailed balance, Metropolis algorithm, application 
to Ising model in two dimension, Metropolis importance sampling scheme for Ising model, 
equilibrium, determination of critical temperature and critical behaviour of thermodynamic 
quantities, error analysis, finite size effect, correlation, critical slowing down.  
Cluster flipping algorithms: Fortuin-Kasteleyn theorem, Swendsen-Wang method, Wolf 
method. Finite size scaling: direct measurement of critical exponents, finite-size scaling 
methods, application to Ising model and percolation. MC simulation of non-equilibrium 
systems: self-organized criticality and sandpile, dynamic phase transition and kinetic 
Ising model. 
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