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Fundamental properties of matter and Applications

Physics is DIFFICULT and HARD to understand
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Magnetic moments of the electrons

Magnetic moment of the atoms

Magnetism in mater

Magnetic study of the mater

Fundamental properties and Applications




Magnetic moment of the atoms
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Kinetic moment of a charge
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Magnetic moment: -
U = spin magnetic momentul of free electron




magnetisation
magnetic susceptibility
magnetic permeability
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c) ferrimagnetism
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GdCo Si
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For 3d transition metals (Fe, Co, Ni...), the
orbital moment is blocked by crystalline field:

My =NgUgS; g=2

\

For the rare earth (Gd for example)

M =NgugJ
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Curie temperature evaluation
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Curie temperature evaluation
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Curie temperature evaluation
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In the low magnetisation region - forexample T - Tc; T<Tc
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Paramagnetic sample If there are some
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For the rare earth (Gd for example): J,=J,

For 3d transition metals (Fe, Co, Ni...), the

orbital moment is blocked by crystalline field:
T—0K / T>T,

M(0) = 2 ug S, ,ue]j‘ g,uB\/S (S, +1)

J—




r = 1 local moment limit
r —oo total delocalisation limit

Gdl | Fet | Col | ThFe ,C, 2 Fe,C3 HoCo,Si* | YCo,B,°

r ( 1.00 | 1.01 | 1.32 1.5 1.69 2.03 _,00
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H || easy magnetisation direction
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T < T, antiferromagnetic materials, X7 > X||

Density of energy in&\agnetic fleld H,
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High anisotropy energy
spin — flip transition

M

(b)

»
0 H
spin—flip H. = H,y
and metamagnetic transition
spin—flop

also in ferrimagnetic materials
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Hard magnetic materials
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Rotation mechanism
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Exchange bias field

E. Girgis et al, J. Appl. Phys. 97 (2005) 103911
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Spring magnets
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M (emu/g)

6h+450C/0.5h
— 2h+450C0.5h

The reversibility curves
and the dM/dH variation
vs H are very fine
instruments in qualitative
evaluation of the inter-
phase hard/soft exchange

coupling.
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The influence of the demagnetising field on the mag netisation curves
H,=N,M ®) H=H;=H,+H, H,=applied field

sphere - Nax = Ngy = Ng, =1/3.
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magnetic measurements on

plate shape samples

NO MAGNETOCRYSTALLINE ANISOTROPY
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PERPENDICULAR ANISOTROPY
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ﬁ’ Magnetic measurements give magnetisation (A/m) H.. = M, H
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M (emu/g)

6h+450C/0.5h
— 2h+450C0.5h

The reversibility curves
and the dM/dH variation
vs H are very fine
instruments in qualitative
evaluation of the inter-
phase hard/soft exchange
coupling.
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