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Abstract

To demonstrate the application of computational physics in modern statistical physics, this paper
investigates the critical behavior of a finite-size ferromagnetic system based on the two-dimen-
sional square-lattice Ising model. A nearest-neighbor Ising Hamiltonian is constructed, and periodic
boundary conditions are adopted to reduce finite-boundary effects. The Metropolis Monte Carlo al-
gorithm is used to sample spin configurations at different temperatures, while energy, magnetiza-
tion, specific heat, magnetic susceptibility and Binder cumulant are calculated to describe the tran-
sition from an ordered state to a disordered state. The simulation results show that the system ex-
hibits clear long-range order at low temperatures, where the order parameter remains high. As
temperature increases, thermal fluctuations become stronger, magnetization decreases rapidly,
and the system gradually evolves into a disordered state. The specific heat curve shows a pro-
nounced peak at approximately (T = 2.269), while the susceptibility peak shifts slightly toward the
high-temperature side due to finite-size effects and the discrete temperature grid. Overall, the sim-
ulated critical region is consistent with the theoretical critical temperature of the two-dimensional
square-lattice Ising model. Spin-configuration analysis further reveals enhanced fluctuations and
domain reconstruction near the critical region. In addition, a thermalization criterion and an ex-
tended sampling test for L = 48 near the critical region are added to examine the influence of finite
sampling and equilibration. These results indicate that Monte Carlo simulation of the two-dimen-
sional Ising model can effectively reproduce continuous phase transition, critical fluctuation and
finite-size effects, providing a basic computational case for understanding critical phenomena in
complex systems and data-driven physical analysis.
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Table 1. Numerical simulation parameters
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Figure 1. Temperature dependence of the order parameter
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Figure 2. Specific heat and Binder cumulant near the critical region
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Figure 3. Representative spin configurations at different temperatures
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Table 2. Critical indicators obtained from finite-size simulations
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Figure 4. Evolution of energy density during thermalization for L =48 and T =2.269
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Table 3. Verification results for L = 48 using extended sampling

FTIL=-48 EKRHEEZRER

T <e> Cv % U_L
2.200 —1.5426 1.546 8.846 0.654
2.269 —1.4330 2.029 26.808 0.618
2.320 -1.3197 1.970 43.722 0.444
2.400 —1.2040 1.170 17.424 0.226
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