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01. Introduction
In a linear medium, the alignment of atomic dipoles is maintained by a magnetic field imposed 
from the outside. Ferromagnets-which are emphatically not linear require no external fields to 

sustain the magnetization; the alignment is "frozen in.“

- David J. Griffiths -
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• Heisenberg Spin Chain

– Ferromagnetic

– Spin Interaction(Fermions)

• Block Diagonal Hamiltonian

– Wigner-Eckart Theorem

Topic
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• Magnetism

– Paramagnetic(상자성)

– Ferromagnetic(강자성)

– AntiFerromagnetic(반강자성)

•  ℋ = −𝐽 ∑  𝑆𝑖
 𝑆𝑗 − 𝐵∑  𝑆𝑖

 ℋ𝑋𝑌 = −𝐽∑ cos 𝜃𝑖 − 𝜃𝑗 − 𝐵∑cos 𝜃𝑖

 ℋ𝐼𝑠𝑖𝑛𝑔 = −𝐽∑𝑆𝑖
𝑧𝑆𝑗

𝑧 − 𝐵∑𝑆𝑖
𝑧

Ferromagnetic Hamiltonian
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•  ℋ = −𝐽 ∑  𝑆𝑖
 𝑆𝑗 − 𝐵∑  𝑆𝑖

• Dipole moment?

Where are Spin Interaction from?



02. Exchange Interaction
In spite of the fact that the interactions between electrons in a solid, as well as the forces 
exerted by the ions on the electrons, are essentially of Coulomb origin, the necessity of an 

interaction between the magnetic moments of the electrons had been recognized long ago.

- Edouard Brezin -
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• Interactions are essentially of Coulomb 
origin.

• Electron characteristics From Fermions

→ Antisymmetric!

Exchange Interaction

Coulomb and Fermi
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• Wave function have Spatial Part and Spin 
Part

• Ψ = |  Φ(𝑟1, 𝑟2) ⨂|  S

• Spatial antisymmetric energy lower

→ Spin symmetric energy lower(triplet)

Exchange Interaction
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• Partition Function 𝒵 = ∑𝑒−𝛽  𝐻

• Free Energy 를 찾고 싶다!

• Energy(E) and Entropy(S, 𝑘𝐵 log Γ(𝐸))

Goal of Finding Hamiltonian



23 - 11

• Free Energy

– Helmholtz Free Energy 𝐹 = 𝐸 − 𝑇𝑆|𝑆=𝑆(𝑇)

– Simple Example : Water
• Low Temperature 𝐹 ≃ 𝐸 → Ice

• High Temperature 𝐹 ≃ −𝑇𝑆 → Vapor

– Simple Example : Ligand

Free Energy



03. Heisenberg Spin Chain
Construct Basis and Hamiltonian in Mathematica

Since only scalar products of spin vectors occur, it has the following important property: H is 
invariant with respect to a common rotation of all the spin vectors. No direction is especially 

distinguished and therefore the ferromagnetic order which can occur may point in any arbitrary 
direction.

- Franz Schwabl -



23 - 13

• N Spin → 2N Basis

– e.g.
• N = 2, We have 4 Basis

– S = 0, Singlet (1)

– S = 1, Triplet (3)

• N = 3, We have 8 Basis

– S = 1/2 , M = 1/2 ,-1/2 → 2?

– S = 3/2 , M = 3/2 , 1/2 ,-1/2 , -3/2 → 4

– We can use Clebsch-Gordan Constant(Table).

Basis Used Mathematica
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• We have optimize to construct basis.

• Tensor Product 최소화 → 시간 이득

Spin Chain Basis(Glue it)
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• e.g.

Spin Chain Basis(Glue it, Result)
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• Wigner-Eckart Thm.

• It looks like a Eigen states.

 𝐽𝑧 ,  𝑇𝑀
𝐽

= 𝑀  𝑇𝑀
𝐽

 𝐽±,  𝑇𝑀
𝐽 = 𝐽 𝐽 + 1 − 𝑀(𝑀 ± 1) 𝑇𝑀±1

𝐽

• In spin chain

•  𝑇0
1

=  𝑆𝑧,  𝑇1
1

= −  𝑆+/ 2,  𝑇−1
1

=  𝑆−/ 2

•  𝑇𝑚
(1)

|  𝐽, 𝑀; 𝛼 = ∑|  𝐽′, 𝑀′; 𝛼′  𝐽′, 𝑀′; 𝛼′|  𝑇𝑚
(1)

|  𝐽, 𝑀; 𝛼

Hamiltonian Used Mathematica
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•  𝐽′, 𝑀′; 𝛼′  𝑇𝑚
(1)  𝐽, 𝑀; 𝛼 = Ω 𝐽′, 𝑀′ 1, 𝑚  𝐽, 𝑀

• Calculate and find Omega

→ Construct Hamiltonian strategically

Wigner Eckart Thm
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•  𝑇𝑚
1 = 𝛼 𝐽′, 𝑀′ |1, 𝑚|  𝐽, 𝑀

Wigner Eckart Thm



04. Mathematica Manual
Statistical physics has its origins in attempts to describe the thermal properties of matter in 
terms of its constituent particles, and has played a fundamental role in the development of 

quantum mechanics. It describes how new behavior emerges from interactions of many 
degrees of freedom, and as such has found applications outside physics in engineering, social 

sciences, and, increasingly, in biological sciences.

- Mehran Kardar -
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• Introduction to Mathematica and 
Quantum Mechanics

Mathematica Manual
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Manual’s Contents
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• 주제에 대한 설명을 적어 두고, 간단한 코드로
익힐 수 있도록 구성되었습니다.

• 간단한 예제와 문제들로 매스매티카에게 물
리를 학습시킬 방법들을 제시합니다.(추후 어
려운 문제 추가 예정)

Manual Context
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• David J. Griffiths, Introduction to 
Electrodynamics

• Edouard Brezin, Introduction to Statistical 
Field Theory

• Franz Schwabl, Statistical Mechanics

• Mehran kardar, Statistical Physics of 
Particles
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