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Which hysteresis model we choose in a
given situation ?

n How we choose ?

" Criteria ? To simulate correctly high order magnetization curves ?

" Identification methodologies ...

" In many papers the identification is made using an arbitrary selection of
magnetization processes. Is it OK?
Can we use for identification only
the Major Hysteresis Loop ?
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Identical MHL for essentially different
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To understand ... Preisach model
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F. Preisach 1935

M.A. Krasnoselskii & A.V. Pokrovskii 1983, 1989
1.D. Mayergoyz 1986
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Stoner Wohlfarth model
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Magnetization processes
HB Ll (H(X:H)
Qo Hl L (Hf.:rg
0
L2 Lo (Hp=H) ’“
o H,
o) M]| &,
eefececene ool [}
Ha:Hﬁ -/ >A @
: : Po T Mo
: : Hg L1 (He=H)
Py : f 3
: ] Mo
| | Lo (Hy=H) )
H o Ho
1
[ - ()
[ J Po T Mo
CARPATH
ESM 2009 - Timisoara g




‘For more examples ... Hystersoft

Univ. of Florida - lasi University — Technical Univ. Wien

Petru Andrei

Department of Electrical and Computer Engineering
Florida State University and Florida A&M University

Hestagos o

http://www.eng.fsu.edu/~pandrei/HysterSoft/index1.html
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| Generalized use of FORCs

Characterizing in i in fine particle

using first order

J. Appl. Phys., Vol. 85, No. 9, 1 May 1999

ing particles, as discussed earlier. (These shortcomings are
also shared by the more sophisticated versions of the Prei-
sach model.) Because the basic Preisach model is not a rig-
orously valid physical model, the Preisach distribution used
to describe a particular physical system will always be, to
some degree, arbitrary. In fact, a number of different algo-
rithms have been proposed i the literature for calculating
Preisach distributions. In summary, a Preisach distribution is
an ambiguously defined theoretical construction.

A FORC distribution, by contrast, is not based on any
assumptions. It is not part of a theoretical model. It is simply
a well-defined transform [i.e.. Eq. (1)] of the set of first order
reversal curves that is useful in making the structure of these
data apparent to the human eye

[Plke, Roberts, and Verosub T

try can be comected to some extent by incorporating a mov-
ing parameter into the calculations, as is done in the moving
Preisach model.” But even with 4 moving parameter, some
degree of asymmetry will almost always be present in an
experimentally acquired FORC disibution. Hence, FORC
distnbutions obtained from experimental data will not, in
general, be valid Preisach distributions.

Conclusion: FORC diagram can be
calculated for ANY hysteretic system.
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‘ Conclusion ...

FORC distribution and FORC diagram can be
obtained from experimental data.

Problems:

How we “decode” the information contained
in an experimental FORC diagram ?

Does it contain sufficient information to
identify ANY hysteresis model ?
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‘ FORC diagram method.
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Magnetic characterization of samples using
FORC diagrams

= Main problems
o State dependent interaction field distribution
o Reversible magnetization processes
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Mean field interactions
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Preisach — singular distributions
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‘ Preisach — singular distributions
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Preisach — singular distributions
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Operative plane
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FORC — patterned medium
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Statistical Characterization of the FORC Diagram
Radn Tanasa amd Alcvasdn Stancu
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‘ Magnetizing mean field interactions
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Alpha = 300
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Alpha = 600
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Operative plane
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| Compare the results
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Reversible vs. irreversible magnetization
processes
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 Problems with deltaM /Henkel plots

= Sensitive to the quality

of the demagnetization
state in IRM process

Negative
(demagnetizing-like)
deltaM is compatible
with statistical
interactions (no
preference to
demagnetizing
interactions)
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‘ BaFe (oriented sample)-positive deltaM
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' BaFe (random sample)
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| Experimental procedure - SORC
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‘Second—Order Reversal Curves

EORC SORC FORC-SORC
Error evaluation !!!
CARPATH o Stancu A., Andrei P., JAP, 2005
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Experimental data
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FORC-Preisach distributions

The distribution of the interaction fields is
NOT stable. It depends on the magnetic
state. Preisach distribution is moving and
has variable variance.

Reversible magnetization processes are
coupled with the irreversible ones

CARPATH
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FORC ...

FORC distribution gives a static, average
image of the interactions while the interaction
field distribution is changing during the
magnetization processes

Without a proper model the dynamics can’t
be observed and evaluated
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FORC technique applied to other systems

Preisach and FORC identification
technique can be applied to ANY
hysteretic system ...
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‘ Spin crossover systems

ke |,

1A

ot

High spin state ) Mt e
Fe(ll)™ %

Energy

de .

Paramagnetic S=2

Diamagnetic S=0

200 40 &0 800 1000

Il Different colors E TR TR B ®
TIK]
» Pressure[bar]

|
' I[ Different volumes || \>
9 ‘

|| Different vibrational properties ||

43

CARPATH
ESM 2009 - Timisoara

‘ Thermal hysteresis in -
spin transition materials = (%~ )—32? n“% @
*’
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‘ Preisach model for thermal hysteresis

Normalized sample temperature
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Thermal hysteresis. Effect of impurities

T,\(K)
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Pressure & temperature hysteresis
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| Elastic model of hysteresis

@ Low spin state

@ High spin state

Molecular volume change during transition

elastic interactions appear inside the sample

System shape and volume change during transition

L. Stoleriu, C. Enachescu, A. Stancu, A. Hauser, IEEE Trans. Magn., 2008
C. Enachescu L. Stoleriu, A. Stancu, A. Hauser, PRL 2009
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Elastic model of hysteresis and relaxation

@ Low spin state

@ High spin state

For every particle the following differential system
is solved at every step:

mdzxi—F — %
a0

d’y, dy,

I =i

dt? y ﬂdt

F,; are the algebraic sums of forces acting on
particule on the two directions
M is the damping constant
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Cooperativity effect — ralaxation process

High spin fraction
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‘ Size etfects in nanoparticulate spin
transition materials

gl

Fig. 6.1 Micrographiss des nanoparticules de [Fe(NH,-tr2),](Br),. 3H.0.0.03(surfactant) : 90um
(ganche), T0um (droite) \
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A. Rotaru, Ph.D. Thesis, 2009
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‘ Conclusions

= The extensive use of the FORC technique
induced a new interest in the Preisach model

= Unfortunately, in many cases the analysis is
not complete

= We recommend at least a mean field analysis
/ work in the operative plane

= All FORC analysis should be coupled with a
statistical model specific to the physical
system analyzed
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