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Monte Carlo Methods applied to

the Ising model

Michael Adler

The thermodynamic observables of the classical one– and two–dimensional

ferromagnetic and antiferromagnetic Ising models on a square lattice are

simulated, especially at the phase transitions (if applicable) using the

classical Monte Carlo algorithm of Metropolis. Finite size effects and

the influence of an external magnetic field are described. The critical

temperature of the 2d ferromagnetic Ising model is obtained using finite

size scaling.
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Chapter 1.

Statistical mechanics – a short

review

Before presenting the Ising model we will refresh the basic concepts of statistical mech-

anis. For more information on this important topic the reader is referred to (9 , 22 )

In thermodynamics we are interested in the properties of systems consisting of a large

number of particles. However the sheer number of particles makes it impossible to write

down and solve about 1023 coupled equations of motion. We would also need the same

number of initial conditions. Obviously it is also impossible to get experimentally all the

initial conditions required. But we are not interested in the microscopic properties (eoms

of the particles of our system) but rather in macroscopic observables like the energy,

temperature, heat capacity etc. Hence it is sufficient to have only information about the

statistical properties of our system. Henceforth we will use the terms microscopic and

macroscopic systems. A macroscopis system consisting of N1 particles fulfills:

1√
N
� 1

Any system that does not fulfill this conditions is microscopic. Applications of statistical

methods to such a system would entail unreasonable errors.

1N is typically 6 · 1023 or more.
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