
A
im

: C
alculate the Exchange Energy, i.e. the energy of a tw

o electron 
system

 if the spins are parallel or antiparallel (a priori classically the only 
difference is due to dipolar coupling).

H
 =

  J * 

C
alculate

 
(Q

uantum
 m

echanical interlude chapter 2.2.1)

C
alculate J (chapter 2.3)

P
ath

:

2.2.1.1-2.2.1.3 Q
uantum

 M
echanical Interlude:

-For Ferm
ions the total w

ave function is antisym
m

etric 

 (spatial  w
ave function * spin w

ave function)

-S
pin w

ave function is constructed using S
pinor representation

-C
alculate

 
 for electrons w

ith spin 1/2

-Tw
o spin w

ave functions are found: 

 S
inglet state (antiparallel) and 

 triplet state (parallel and three tim
es degenerate)

-C
om

bine spin w
ave function w

ith spatial w
ave function 



P
ath

:

2.3 C
alculate Exchange interaction:

-Param
etrize the difference in energy betw

een the parallel and antiparallel 
alignm

ent 

-O
btain relation for J =

  ...  depending on the spatial w
ave functions of 

both electrons.

M
ain

 resu
lt:

W
e can calculate the  difference betw

een the state for parallel and 
antiparallel alignm

ent:

 H
 =

 J  * 
w

ith J=
...

This is then used in the m
icrom

agnetic m
odel as the H

eisenberg 
H

am
iltonian.


