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Average Spin Autocorrelation Per Site Vs. Sweep Delay (30x30 Lattice)
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* Known lowest energy state: ordered spins
* Question: At what temperature will the ordering
of the spins disappear?
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METROPOLIS TIME STEPS
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* Recreate the time-dependent behavior of a material’s
magnetism

* Monte Carlo: Stochastic update scheme for the lattice in
time steps (configuration s to s’)

* Each instant: propose individual spins flips

* Classical Maxwell-Boltzmann distribution: Likelihood
of a state change depends on energy change Delta E and
temperature T (Boltzmann constantk B = 1)

* Number of updates may be less than the number of
proposals
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Lattice’s average magnetization at different temperatures.
Ferromagnetic (ordered spin sites) at low temperatures and
paramagnetic (disordered spin directions) above a critical
temperature (better defined for larger systems).

CORRELATED STATES
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Why would highly correlated magnetization data

problematic?

Autocorrelation A: quantifies expected relatedness of any
two collected measurements separated by a time lag k
N = number of values taken for a single site’s spin

S bar = time average for a single site’s spin

Sigma squared = time variance for a single site’s spin

Threshold autocorrelation time tau: lag k required for the

measurements to lose correlation (A below 10%)
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Required autocorrelation time tau (blue dots) grows very
large near the lattice’s phase transition (solid blue line).
This 1s the Monte Carlo critical slowing problem, and it
makes the simulation very inefficient around these
conditions
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