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Formulas

This is the simplified version of general relativity… for the students.



Well known facts
� Multipole expansion describes the potential at “large” distances from 

the source…

� …and the interaction of sources separated by a distance “larger”
than their diameter
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“Well known” facts
� in Cartesian coordinates expansion complexity increases with increasing 

order

� complexity is constant for spherical coordinates

� many symmetric shapes have analytical solutions for their multipole
moments1

� a magnetic charge can be defined as

– frame work of electrostatics sufficient for magnetism

MnM
rrr

⋅=∇−= 00 , µσµρ

)()()(
1

BmlAml

mmll

mmll

BA

rRrRRT
rrR

BBAA

BABA

BABA

rrv

rrr ∑=
+−

( )
2

2

21

11111

R

rr

R

rr
n

R

R

rr
n

RrrR
BABA

ABBA

rrrr
r

rr
r

rrr

−
+

−
+

=
−

+

=
+−

1Mikuszeit, et al. J.Phys. C 16 (2004) 9037
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2D lattices, in-plane coherent rotation
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It‘s all about symmetry
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Further symmetry properties
� Under in-plane rotation multipole moments transform as

� Therefore, the product in the interaction transforms propotional to

– where we already know that (mA+mB) has to be zero or a multiple of n. 
The energy than  is proportion to

where (mA+mB)=0 gives rise to an isotropic energy, while (mA+mB)=k n

result in anisotropic terms

� These properties are even correct for quasi periodic structures with 
local “disorder”, if the energy contribution due to “disorder” cancels 
to zero on the large scale
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Summery
� Any interaction with r-1 potential possible

– electric (molecules, ferroelectic particles)
– magnetic (nanomagnets, cluster, molecules)

� Symmetry of particles/molecules defines Qlm

� Symmetry n of lattice defines ck in E=ck cos k γ

– k=0 or k=νn

– k≤L=(lA+lB)

– on average true in quasi crystals

� Pair interaction and lattice sum are separated
� No energy due to interaction of odd and even order

– neither isotropic

– nor anisotropic


