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Magnetization & susceptibility



Landau Diamagnetism 

Landau levels



Transition metals (Iron series): strong ferromagnetic crystals 
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strong ferromagnets: Bulk
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Demagnetizing energy

E~M2

Domain Radius

A is the exchange 
Ku the uniaxial anisotropy constant 
μ0 the vacuum permeability Ms the saturation magnetization.

~10 nm 



Domain walls

D~ 1 nm



Magnetization reversal hysteresis loop
HH



Barkhausen noise
originates from magnetization jumps

Field jump Coil Current flux Speaker noise





Giant magnetoresistance

Schematic representation of the matching of the d bands of the magnetic 
elements in the middle (b) and elements in columns at the left (a) and 
right (c) of it in the periodic table

Resistivity versus applied field for Fe/Cr multilayers
Relative resistance change as a function of the external 
magnetic field for Fe/Cr/Fe and 250A thick Fe film 





strong ferromagnets: Nanoparticle
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Shell Effects
at Strong Magnetic Fields
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the Hartree self-consistent mean field 
approach inin magnetic field  : hmagnetic field  : h

• Single particle Hamiltonian
• H = HMF + (Magnetic terms)
• Landau–orbital (l)  - M (hl)   



HO level density: HMF= HHO
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Size dependence of cluster magnetic 
moment per atom (measured in B ) 
VNK, H.O.Lutz, PRL 81 (1998) 4508



FerroFluid



Lab on a chip Systems







Schematic principle of the on-chip DNA purification protocol. 
The sample in the binding buffer solution is injected onto the chip 
and mixed with a droplet of magnetic particles. These are extracted and 
wash in three stages, before the DNA is again eluted in the steps 5 and 6.


