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General information

First part:   
• Discussion of the previous exercise 
• Additional information about the new exercise

Second part: 
• You work on the tasks 
• You can ask questions



General information

• Default programming language: Julia 
• You are free to use your favorite language 
• Hand-in is voluntary 



Why Julia?

It solves the tradeoff: fast coding vs. fast execution 

• Code like in python 
• Execution nearly as fast as C



Installing Julia https://julialang.org 



Installing Julia



Run Julia

• In console:
julia 
code… 
exit()

• julia myscript.jl 

• Juno, Jupiter,…



Installing packages

Install package:

Include package:



Plotting



Arrays

Empty: 

Zeros: 

Ones: 

Column 
vector: 

Row 
vector: 

a = [ ] 

zeros(3) 

ones(3,2) 

[1, 2, 3] 

[1 2 3] 

a[1]  index counting starts 
        from 1!

a[from:step:to]
a[from:to]



Arrays

N-dimensional array:

Array of arrays:

• A = [[1, 2, 3,] [4, 5, 6]] 
• A = [1 4; 2 5; 3 6]

B = [[1, 2, 3,], [4, 5, 6]]

A[row, col] 
A[4] → 4 

B[2][3]

Functions: exp.(A)



Array

Example



Functions

• f(x , y) = 2x +y 

• function f(x, y) 
              2x + y 
    end

function f(x, y) 
       return 2x + y 
end

Functions which manipulate input: 

function g!(x) 
        x[2] = 2 
end 



Computational Statistical Physics

Exercise sheet 01
FS 2020

Oded Zilberberg

Exercise 1. Ising model

Goal: We start by simulating the 3D Ising model using the Metropolis-based single-spin

flip Monte Carlo method. For those who attended last semester’s lecture it is (to some

degree) a revision.

Write a program for a Monte Carlo simulation to solve the three-dimensional Ising model with

periodic boundary conditions. Implement the single-spin flip Metropolis algorithm for sampling.

As you will have to reuse this code for upcoming exercise sheets, it might be worth to make sure

that it is well-structured!

Task 1: Measure and plot the energy E, the magnetization M , the magnetic susceptibility �
and the heat capacity CV at di↵erent temperatures T .

Task 2: Determine the critical temperature Tc.

Hint: You should obtain Tc ' 4.51.

Task 3: Study how your results depend on the system size.

Hint: Start with small systems to reduce the computation time.

Task 4 (OPTIONAL): Save computation time by avoiding unnecessary reevaluations of the

exponential function. To achieve this, use an array to store the possible spin-flip acceptance

probabilities.

Task 5 (OPTIONAL): Plot the time dependence of M for a temperature T < Tc.

Hint: For small systems you should be able to observe sign-flips in M .
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3D Ising model

• Hamiltonian: 

• Mean of observable: 

• Relevant observables at zero magnetic field:

Energy

Magnetization

Susceptibility 

Heat capacity

H = − J∑
⟨i,j⟩

σiσj − H∑
i

σi

⟨O⟩ = ∑
x

O(x)
1
Z

e−βH(x)

⟨H⟩

⟨ 1
N ∑

i

σi⟩
β(⟨M2⟩ − ⟨M⟩2)

β2(⟨E2⟩ − ⟨E⟩2)



Monte Carlo sampling

1. Choose randomly a new configuration in phase 

space 

2. Accept or reject the new configuration, depending 

on the strategy 

3. Compute physical quantities 

4. Repeat

Rather than computing the observables over the exponentially large 
phase space, we sample them on statistically relevant configurations



Metropolis algorithm

• Propose new configuration:  

    Probability = 1/N 
• Accept new configuration with probability 

    

σi → − σi

min (1, exp (−β(Enew − Eold)))
Ergodic  

Detailed balance



Implementation

• Start with any spin configuration (e.g. random) 
• Perform MC-steps until the system is thermalized  
Sampling: 
• Calculate observables and keep them for 

sampling 
• Do subsweep to obtain a new uncorrelated 

configuration ( again calculate the observables) 
• Repeat  
Post processing 
• Calculate mean and fluctuations 
Repeat for different temperature and system size



Hints

• Julia is column major 
• Calculate energy and magnetization for 

new  configuration locally

1 1 1 1 1 1 1 1 1 1 
1 1 1 1-1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1

• Use a lookup table  for the the Metropolis 
acceptance probabilities


