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O1. 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 -




23 -4

« Heisenberg Spin Chain
— Ferromagnetic
— Spin Interaction(Fermions)

 Block Diagonal Hamiltonian
— Wigner-Eckart Theorem
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.. Ferromagnetic Hamiltonian

« Magnetism
— Paramagnetic(& AHd)

— Ferromagnetic(ZAHd)
— AntiFerromagnetic(gtZ Xt4)
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_______________ Where are Spin Interaction from?

s Gl = R, = B
* Dipole moment?

Problem 7.32 Two tiny wire loops, with areas a, and a,, are situated a displacement
% apart (Fig. 7.42).

FIGURE 7.42

(a) Find their mutual inductance. [Hint: Treat them as magnetic dipoles, and use
Eq. 5.88.] Is your formula consistent with Eq. 7.24?

(b) Suppose a current I; is flowing in loop 1, and we propose to turn on a current
I, in loop 2. How much work must be done, against the mutually induced emf,
to keep the current I; flowing in loop 1?7 In light of this result, comment on
Eq. 6.35.



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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Exchange Interaction

* Interactions are essentially of Coulomb
origin.
 Electron characteristics From Fermions

— Antisymmetric!

Coulomb and Fermi



Exchange Interaction

« Wave function have Spatial Part and Spin
Part

* V= |0(r,72))QIS)
 Spatial antisymmetric energy lower
— Spin symmetric energy lower(triplet)

P(x) d(x)
4 4.
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Goal of Finding Hamiltonian o

» Partition Function Z = Ye FH
- Free Energy & &1 2 CH
» Energy(E) and Entropy(S, kg log'(E))




.. Free Energy “A"

* Free Energy
— Helmholtz Free Energy F = E — TS|s—s

— Simple Example : Water
* Low Temperature F ~ E — Ice
« High Temperature F =~ —TS — Vapor

— Simple Example : Ligand
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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 -




. Basis Used Mathematica w

* N Spin — 2N Basis _——
— e.q.

* N = 2, We have 4 Basis , 2

— S =0, Singlet (1) 1 - 1 -

. S - 1, Tr|p|et (3) ] 1/2 . 1/2 . 1/2

* N = 3, We have 8 Basis
— S = 1/2: M = 1/2,_1/2_,2?
—S =3/, M=3,,1, -1, -3, — 4

— We can use Clebsch-Gordan Constant(Tab e).
R L L U VI e LI F U S U S U {fo. 2} 113, &) |3, -3
1, 2| 1 j 0 0 ‘IDT 0 o, %} n .
AR _i i ’ : i (0, —§| 0 1
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1, - 0 0 0 1 0 0 i
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. Spin Chain Basis(Glue it)

« We have optimize to construct basis.
» Tensor Product £|&%t — A7t O|=

Glue[Basis, Q[S 1, {Q[S1_1, Q[S2_]1}] :=Module[{mm = Range[S1, -S51, -1], g0, cgl, bs0, bsl},
cgl =CG[{SL, #}, {1/2, +1/2}, {S, #+1/2}] & /@um;
dgl =CG[{S1, #}, {1/2, -1/2}, {5, #-1/2}] & /@mm;
bs0 = Map[CircleTimes[#, Ket[0]] &, Core[Basis, Q[S1]], {2}]:
bsl = Map[CircleTimes[#, Ket[l]] &, Core[Basis, Q[S51]], {2}]:
bs0 *= cg0;

bsl »= cgl;
Which]|
S=51+82,
Join[{First[bs0]}, Rest[bs0] + Most[bsl], {Last[bsl]}],
S==S1-82,
Rest[bs0] + Most[bsl],
True, Message [UpdateBasis: :badqg]:;
{}1]

Glue[{Q[S_1, {Q[S1_1, Q[S2_1}}] := Module[{},
Core[Basis, Q[S]] = Glue[Basis, Q[S], {Q[S1], Q[S2]}]1:]1:
Glue[{Q[S_]1, {Q[S1_]1, Q[S2_1}, {Q[S3_1,Q[S4_]1}}] :=Module[{},
Core[Basis, Q[S]] = Join[Glue[Basis, Q[S], {Q[S1], Q[S2]1}], Glue[Basis, Q[S], {Q[S3], Q[S541}1, 21:1:

AR
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Spin Chain Basis(Glue it, Result)

* e.q.

Glue[]
Glue[]

Sectors

3

2

Core[Basis, Q[3/ 2]]
KetForm @@@ Core [Basis, Q[3/ 2]]

o 1 1 1 11 .
({0, 0,0, —,0, —, —, 0}}, ({0, 0,0,0,0,0,0,1}}}
L1 NER NS E A J
0 0 o j0, 0, 1> 40,1, 0y 41,0,0y 40,1,1y 41,0,1y 41,1, 0) 11 1)
r r r ﬁ »\f? -\E r ﬁ ﬁ »\/? r r r r.l



______________ Hamiltonian Used Mathematica o

Wigner-Eckart Thm.
It looks like a Eigen states.
[]Z T(])] MT(])

1o 0] = JIT+ D - MM £ DY,

e |In spin chain

P = g2 7D = g+ 12, 7D = §- /2

(1 / 1 a1

To U M;a)y = 31", M )(J', M o' | T 1], M; )
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Wigner Eckart Thm

(1 Ma [T M @) = Qg M |1,ml), M)

 Calculate and find Omega
— Construct Hamiltonian strategically
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=a(/,M' |1,m|], M)

(1)
m

Wigner Eckart Thm
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‘(O: Or 1}

'1; O; l:'.’ '1' -1; 1:? '0' O, 1:?'

'1; 1; l:-’

(1, 1, 1}
(1, 0, 1}
(1, -1, 1}
(0, 0, 1}

'1; O; l:’ ‘1; -1; 1:} ‘0' O; 1:}
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(1, 0, 1}
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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
guantum 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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Mathematica Manual

* Introduction to Mathematica and
Quantum Mechanics

Statistical Physics of

Particles

Wucﬁbn to Mathematica and Quamum

Mechanics
Foofpnn’r over Spin, Many Body System, and Fock&)cca ; MEHRAN KARDAR
—ngr(;gg‘gﬁ) & : Statistical Physics of
22iHaEKorea UNBETY) - Flelds
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Manual Context

. =R My Mo| £1, ks AER
ol & YT FHE|QUBLICE
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1.1 Notebook 2IE{I0|A
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Code 1.1: Halio World

Print["Hello World!"]

1.4 Exercises

Code. 1.1 &= ZHet 242 298t gpolct 71 R¥H 252, 2E AFH | Exercise 1.1 Mathematica & # 511, Aol @& 212 2o} (HinLPlot, Sin) .
glel 3 @ ghofl 4 ghd == 9l Aol ok
111 7|2 st 1.5 Problems
FE 1244 £ =} Fo], djLfe]7le] 718 Fde *# A8 WE go]X g Problem 1.1 R 2# F oA 7]&7|(V) A4S A o] §r]ct(HinLD)
space7 | T el A Ho|27) & s AHE0 2 F4do] G
Code 1.2 Times

5 4= 20, 3/2 5 = 10/3, 5 £/g = [5£)/g
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