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Monte Carlo Simulations - Hard Sphere and Ising Model

In this exercise you will perform Monte Carlo simulationsof Hard Spheresystemsand2D
IsingModels.

Pleasaiseour class nanoHUB tool with the Hard SphereandlIsingcodesfor this
work.

Hard Sphere Monte Carlo

e Recallthat you will needto adjustthe Metropolisdisplacemenb to achievean
acceptanceate around50%.You neednot be too strict on this. In fact,solongas
the acceptanceate fluctuatesbetween0.4and0.6,you are fine.Be careful-- the
acceptance rate can change in the course of the run.

e Asaninputtemperature,chooseT=2.0in our energyunit whichis simplythe height
of the potentialcore, andchoosethe densityto be 1.0 particlesper cubicsigma.
Choosethe numberof particlesto be initially36,in 3 dimensions.

o Calculatethe energyper particle,aswell asthe pressure whichis not automatically
producedasoutput by the code.You shouldusethe expressiorbelow for the
pressure put takinginto accountthe discontinuityof the potential.(You canlook for
help,for examplejn the book by Gould andTobochnick ,page594).



Look at the 10 plots of the pair distribution function:what canyou concludeabout
the stateof the system?

Lower the temperatureto T=1 andT=0.1;do you seeanythinghappenindpy looking
at the pair distribution functions?

Now repeatthis studywith 128 particlesat the samedensity,qualitativelyand/or
guantitativelyDoesthe displacementequiredto achieves0%acceptancehange?

Repeathe abovecalculatiorat a density0.5.Do you seethe samethingsyou sawat
the previousdensity?

Ferromagnetic-Paramagnetic Transition in the 2D Ising Model

o Estimatethe transitiontemperaturefor the ferro-paramagnetiaransitionfor the 2D
IsingModelaswell asthe magneticsusceptibilityof the system.

e Choosetwo of the followingsystemsizes4x4, 8x8, or 16x16.

e For eachof these,varythe temperaturefrom 1.3to 3.4in incrementsof 0.3.

¢ Hint: be surethat you usesufficientlylongrunsfor eachsimulation.You needto
generateenoughdatato accuratelycomputeaveragesnderrors. Thiswill require

runs of around5000Monte Carlo steps.

e Usingthe resultson the magnetizatiorof the system estimatethe transition
temperatureandthe susceptibility.

e How doesthe sizeof the systemaffectyour results?

e To get a complete data set, you can send your results to Elif by Thursday March 6th.
will compileeveryone'slatatogetherandmakeit availabléhere so you canseethe
finalresults.Your finaltaskthenis to explainwhat you see,estimatethe transition
temperature,andestimatethe susceptibility.



