AZKHZH 01

MpayuatotroinoTe TTPOCOUOoIWaN Tou dIodIAoTaToU TTPATUTTOU Ising yia L=64 yia 60 Tiuég TNG Bepuokpaaiag
pe Tov aAyopiBuo Wolff. 40 atrd Tig TIuEG auTég Ba cival oTnv TTEPIOXH TNG METARAONG @AoNG, EVW Ol
utréAoitreg 20 Ba gival OTNV TTEPIOXT TwV UYNAWYV Kal XapunAwy Beppokpaciwy avtioToixa. To o@aApa oTIg
METPOUMEVEG TTOOOTNTEG Ba TTPETTEI VA Eival JIKPOTEPO aTTO 5%.

1.

2.

MNa ka6¢ TIuN TNG Bepuokpaaiag aoxedIAoTe TN XPOVooEeIpd TNG ATTOAUTNG TIMAG TNG MAYVATIONG Kal
TNG evépyelag Kal BeRaiwbeite TTWG TO oUOTNUG £XEl BPeBEi o€ KaTAoTaON BEPUIKNAG ICOPPOTTIOC.
YT1roAoyioTe TIG HEOEG TINEG TNG EVEPYEING, ATTOAUTNG TIUAG TNG HayVATIONG, €10IKAG BEpUOTNTAG KAl
MayVNTIKAG ETTIOEKTIKOTNTAG MaAdi PE TA OQPAAMATA TOUG Kal PTIAETE TIG YPAPIKEG TOUG TTAPACTACEIG
ouvaptioel Tou B. Ta opdAuata Ba uttohoyilovTal pe Tn HEB0SO jackknife kal Oa TTPETTEl va ETTIAEEETE
KAataAAnAa Tov apiBud Twv bins TToU Ba XPNOIUOTIOINCETE.

YT1roAoyioTe TN hayvnTIKr €MOEKTIKOTNTA YIa 4 TINES TNG Bepuokpaaiag, dUO eKEi TTOU TTAIPVEI TIG
MEYOAUTEPEG TIUEG, Mia OTNV TTEPIOXN XOMNANG Kal yia oTnv TTEPIoX UWNARS Bepuokpaciag pe Tov
aAyopiBuo Metropolis Kal GUYKPIVETE Ta ATTOTEAECUATA PE AUTA TTOU TTHPATE e ToV aAyopiBuo WOolff.
MNa ka0 ahyopiBuo, BePaiwbeite TTWG £xeTe KAvEl update ouykpioipo apIBud atrd oy,
AapBavovtag utrown 1o Péoo pEyeBog Twv clusters yia Tov aAyopiBuo Wolff kal To Adyo atrodoxng
(acceptance ratio) yia Tov aAyopiBuo Metropolis. Ti cuptrepaiveTte Kai yiaTi; BeBaiwbeite Twg 10
ouoTnua £xel Bpedei o€ katdoTaon BEPUIKNAG ICOPPOTTIAG.

YTtroloyioTe TN ouvAPTNON AQUTOCUCXETIOKOU TNG HAYVATIONG KAl TOV/TOUG AVTIOTOIXO/UG XPOVo/ug
QUTOCUGXETIOMOU yia Tn Beppokpaacia ekeivn TTou BpAkarte Tn JeEyaAUTePN TIPNA yIa TNV HAYVNTIKA
EMOEKTIKOTNTA PE TOUG OUO TTapATTdvw aAyOpIBUOUG. Oa XPEIOOTEN VA KAVETE TTIPOCOUOIWTEIS YIA
Monte Carlo xpovoug yia Touldyxiotov 300-100 T, o1 oTroiol gival S1aQopETIKOI yia KABe aAyépiBuo. Ti
OUUTTEPQIVETE;

Problem 01

Perform a simulation of the 2D Ising model for L=64 for 60 values of temperature using the Wolff algorithm.
40 of these values will be in the phase transition region, while the remaining 20 will be in the high and low
temperature regions, respectively. The error in the measured quantities should be less than 5%.

1.

2.

For each value of the temperature, plot the time series of the energy and the absolute value of the
magnetization and make sure that the system has reached thermal equilibrium.

Calculate the average of the energy, absolute value of the magnetization, specific heat, and
magnetic susceptibility along with their error and plot them as a function of . The errors will be
calculated with the jackknife method and you should choose the number of bins you will use
appropriately.

Calculate the magnetic susceptibility for 4 values of temperature, two where it takes the largest
values, one in the low temperature region and one in the high temperature region with the
Metropolis algorithm and compare the results with those obtained with the Wolff algorithm. For each
algorithm, make sure you have updated a comparable number of spins, taking into account the



average size of the clusters for the Wolff algorithm and the acceptance ratio for the Metropolis
algorithm. What do you conclude and why? Make sure that the system has reached thermal
equilibrium.

Calculate the autocorrelation function of the magnetization and the corresponding autocorrelation
time(s) for the temperature at which you found the largest value for the magnetic susceptibility with
the two algorithms above. You will need to perform simulations for Monte Carlo time steps for at
least 300-100 t , which are different for each algorithm. What do you conclude?
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