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Magnetic moment
An electrical current, I, is the source of a magnetic field B
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a) ferromagnetic
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b) antiferromagnetic
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c) ferrimagnetism
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NO MAGNETOCRYSTALLINE  ANISOTROPY

Magnetic measurements give magnetisation (A/m)

Case study:
magnetic measurements on plate shape samples
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PERPENDICULAR ANISOTROPY

Magnetic measurements give magnetisation (A/m)

Magnetic measurements give magnetocrystalline anisotropy
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For 3d transition metals (Fe, Co, Ni…), the 
orbital moment is blocked by crystalline field:

For the rare earth (Gd for example): J0=Jp
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Curie temperature evaluation
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For the rare earth (Gd for example): J0=Jp
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low anisotropy energy
spin – flop transition
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exac HHH =

Density of energy in magnetic field H,

E = -χµ0H2/2
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µ >> 0
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magnetic circuits
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Hard magnetic materials
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Hysteresis measurements in soft magnetic materials
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hhh KA /πδ =
Dcr = soft phase critical dimension
δh = width of domain wall in the hard phase
Ah and Kh are the exchange and anisotropy constants

Hard Magnetic Nanocrystalline Materials

hcrD δ2≈

exchange-spring magnets
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EXPERIMENTAL
criteria for the presence of the 
exchange spring mechanism

Large reversible 
demagnetization curve

Enhanced remanence
mr > 0.5 (mr = Mr/Ms)+}

Hard Magnetic Nanocrystalline Materials
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N.H. Hai, N.M. Dempsey, D. Givord, JMMM262 (2003) 353

E. Girgis et al, J. Appl. Phys. 97 (2005) 103911
Exchange bias



Major hysteresis loops with a selection of minor re-magnetization curves 
(broken lines) and recoil loops for ( a) single-phase Sm2Fe14Ga3C2 and ( b) 
two-phase Sm2Fe14Ga3C2/40vol% -Fe. 
(Feutril et al, J. Phys.D: Appl. Phys. 29 (1996) 2320)

recoil loops
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