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Classical Preisach Approach

' "The idea of describing a genehygsteretic system as the superposition of ni@stable
units is inevitably associated with the name dPiieisachwho gave this idea an elegant and

illuminating graphical representation."

"It was then gradually realized that tRecisacimodel contained a new general

mat hemati cal i1 dea."é"Iln this way a new
used for the mathematical description of hysteresis of various physical nature. At the san
time this approach has strongly revealed the phenomenological naturdo¢idech

model."

Science

Hysteresis

"The Preisachmodel of hysteresis generalizes hysteresis loops as the parallel connection
of independent relalgysteronsit was first suggested in 1935 byHPeisachn the German
academic journal,Zeitschriftf ¢PhysiK'. Since then, it has become a widely accepted

WikiEDIA - model of hysteresis."




Energy profile

A A given magnetic material is identified by
a particular distributiof (W, ,W. ) of free
energy barriers, or equivalently by a
distribution of the characteristic fields

p(e, h).

A The barriers can be represented by a
coercive fieldh,= (W, + W, ) / &nd an
asymmetry fielch = (W, 1T W/ .2 ¢

1. Phys.: Condens. Matter 13 (2001 34433460
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Preisach Distribution Function

2D-Gauss

2D-Lorentz

h.,, = 20000e
G =0.3
S = 5000e
G. =0.3
S,, =5000e
G=0.3

km = 00e

p(h, )

(e0) U

2000 3000 06 -2000
h, (Oe)

2D-integral of the
PDF over the space
is1




Magnetic moment. Superparamagnetic
response function.

Magnetic moment of the system at certaiandh, is described by:

o +30
m =f -:la'rrf diy; @lh . h; h, Tipth.. k).
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which includes PDE: plhe, hi) = (2ma;) exp [— 257 }_E:n:r,- ) exp [— S
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andsuperparamagnetiesponse function: #sp = (I tanh[p(T)iha + hi)/ kg T]

defined by the spontaneous magnetization at a certain temperafurBi = po(l —7/T.)"



Integration of PDF in (h_,h;) space

Initial state of PDF (10, no magnetic history).

The total magnetic response m=0,
since magnetic units are randomly
h magnetized .
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h,A @) h.A (b) hiuw, (c) Transformation of th&reisach
: 3 o | , diagram during isothermal
H o 7 4 ;_,u N, W/ measurement of a major hysteresis
f § T, #F B loop. (a)i maximal external field,
e < @ ’ " p >, N" is applied; (b)i external field
' ) v 1; ' N h, is between 0 ant,™®; (c) T
" s oo i mlmm_al (neg_atlve) external field,
M b AN 9 h,m", is applied.

O - schematic view of the Preisach distribution p(hc, hi)



PREML11.0: Files

1. Copy folder "Magnetism" on drive C:
2. The path to the files must be t¥lagnetisn...".

. C:\Magnetism (=] E3
OO | .+ Magnetism
Organize v 331 Views v (€) Bum ©
Favorite Links ﬁl 'l iaae I'I .
4 7" PREM1 pof Briet manual
/8 Computer - Shortcut BRF PREM10.exe Executable file
B/ Documents _¢J cc3260mt dll Linked libraries
EE Pictures \%| stipmt45.dll
B Music __| notes b Remarks J
__ Parameters bd Input file
5/ Recently Changed £ =
~ .| PDFbc bt
.| ZFCFCbc bt P
Folders V' | | | momentbc bt
. Magnetism :_I

Magnetism_Project :_I

10 items




"Parameters.txt"

Tc Critical temperature
P R E IVI 1 O L] I: i I eS muO Spontaneous moment
" " Gamma Critical exp. form
hcO_mean Coercive field at OK
Gamma_c Critical exp. for h,y
sigmac0 Distribution of coercive field
24 input lines Gamma_cprim Critical exp. fors,
620 7|l sigmai0 Local interactions field
Symb()l pa-.:-ameters are (4):ge—16 Gamma_i Critical exp. fors;,
Ealse SENSIvE (2)030 Long-range interaction field
gltal par:ameters are 500 Concentration of units
accepted In formS: (5)0(3; Type of 2D-PDF (G or L)
(; 4616; 40616; 49336; 8'3 Number of points in the grid
¢ 500; 500.0; 5e2; 5.0e2¢"*" NULL 0
¢ 0.4 .4,0;0.0;.0 8(_)800 Calculate ZFCFC  y (YES) other NO
| XOO ha Field at ZFCFC measurement
340 il T max Maximal temperature
ioooo. . Calculate M(H) y (YES) other NO
450 T hyst Temperature of M(H) meas.
?(5)0 ha_max Maximal field
Y | S Shift of equilibrium states

lambda Slope of reversible term

f Fraction of reversible term

Calculate PDF y (YES) other NO o]
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PREML11.0: Files

B C:\Magnetism

Organize v
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1% Computer - Shortcut
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lJ' Music F’«"?;;; =

| § NG
Bl

} Recer

More

~ Magnetism
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v \.‘z}:,‘ l

Name

_ Open (€3 Bum @
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2. PREM1 pdf
%) cc3260mt dll
(%) stipmt45.dil

Jppp— | Sy oY

4.0e-16
110.5

Eﬁﬁ 2000

Folders
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0.3
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0.3

0
31.8el15
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300
0.000

Y
400
340
Y

5
10000.0
450

700

-5

M

620

£f=0.5
Calculate PDFy

Parameters from "Parameters.txt" are displayed after run
of "PREM10.exe".

At the end of computation, program asks to enter "y" if
you want to continue. In order to calculate magnetic
response with a new set of parameters you should save
(e.g. usinCtrl+sas the fastest way) the input file first.
Then type "y" in the PREM10.exe window to continue the
calculation.




PREML11.0: Files

Field: Moment: Moment: Moment:
i : i h, [O€] M [emu] M., [emu] M ., [emu]
Output files contain the following oo = - G
columns: Fle Edt Fomat View Help
" ", ) ) [10000.000000 1.262117e+01 6.286870e+00 6.334296e+00 -
momentbc.txt": iy M; M;; M., 9500.000000 1.262116e+01 6.286870e+00 6.334288e+00 =
" e ) 9000.000000 1.262114e+01 6.286870e+00 6.334272e+00
ZFCFChbc.txt": T; My Mec gsoo.gooooo 1.2621%1e+01 g.gggg;gagg 6.334239e+00
" e (e 000.000000 1.262104e+01 6. e+00 6.334172e+00
el s yaEsleos et ¢ o
ite: . X 1B e+ . e+ 2 e+
Units: Og emu; K 6500.000000 1.262006e+01 6.286870e+00 6.333186e+00 -
Variable: Variable: PDF value:
Temp.: Moment: Moment: h. [emu] h. [emu] p(h,, )
TIK] M c[emu] M ec[emu] Il PDPbc txt - Notepad _[ofx]
I8l ZFCFCbe txt - Notepad [=1F3 Fle Edt Fomat View Help
e il e CET Tapmen e 3
T =] . e+01 -9. e+ - <6
D 000000 15760 00e 01 B :j 3.333333e+01 -9.800000e+03 1.329346e-77
15000000 I 38814701 ity & 00 3.333333e+01 -9.733333e+03 1.820740e-76
SC 000000 3. 191p83e 011t 10 o 3.333333e+01 -9.600000e+03 3.237248e-74
S0 000000 3 FeEEBEs 0l i n Dl 3.333333e+01 -9.533333e+03 4.202529¢-73
- - : 3.333333e+01 -9.466667e+03 5.358840e-72
35.000000 4.189902e-01 7.091604e+00 o
40.000000 4.810508e-01 7.091677e+00 -
10



PREM1.0: Visualization

Since, PREM1.0 does not possess a graphical interface the visualization can be done
any data analysis program. For example in Origin (3 clicks only):

& OriginPro 8 - C:\Users\Artem\Documents\Origin User Files\UNTITLE Quuiialda -
Fe Edt Vew Geph Daa abis Toss Foma Wedow Hea 1. [Mport single ASCI|
DRRRRRERR CEsEB %k (8 S & uEDe| i€ b o8 ||on||a -2 O aar 24 - |[|e«
[Eoermp =B 2 U~ = A & =~ lliva-~ I”@@‘Eé_wl-éke_a‘ pTot SEEET [ AT

e e (A R R

I—E /
& [F=—z]
Q Long Name
4+ Units ..IIIIII—IIII
=] Comments j "
. Sparklines
- HermE
o 6.28687 ] =
o 6.28687 6. Dat T —
b 628607 63 (g 2. Select data file
B 6.28687 6. |
T 6.28687 6. | Parameters bt
6.28687 6. | PDFbotdt
el 6.28687 6. || separatebe bt
s 6.28687 6. : | ZFCFChbetxt
; 6.28687
=, 6.28687
6.28687
6.28687
6.28687

File name: Imomentbc bt

Flesoftype:  [Text File ("bd)
I Gipen as readionly

For Help, press F1 [AU:ON  [Color Publication [1:{Book Timomentbc!Col(B)[1:82] 1{Graph1]1  [Radian 11



PREM1.0: Examples

Magnetic transitions are defined by two critical characteristics of the system:
1. Ciritical thermal fluctuation energy

at.., 0
W, 1 kT, Ing?pg
Q -

2. Mean zerdfield anisotropy barrier

V\_/a (O) ! /78 th

Relative strength of these two characteristic energies is:

VT/&I (O) 1 /78 HCO

W at.,, 0
kT Inégtpg

hl

If /~>1 the system is anisotropy dominated.
If /<1 the system is fluctuation dominated.



PREM1.0: Examples

Two magnetic systents=0.1 (upper) anti=2 (lower) exhibit equal hysteresis loops!
Magnetic moment of a single particle in fluctuatdominated system is 25(!) times
lower then in anisotropy dominated system.

0.35-— Fluctuation-dominated systems L
n=0.1
0.304 | —O—u,=14839 y; h =750 Oe; N=7.25x10"
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Anisotropy-dominated systems

n=2

—O— 1, =370 968 p_; h =750 Oe; N=2.9x10"
—@— 1 =92 742 p; h =3000 Oe; N=1.16x10"
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Parameters

T, 300 K
G 0.3
G 0.3
Sco 3500e
G 0.3
S 3500e
G 0.3
km 0Oe

13



PREM1.0: Examples

The common opinion that the blocking temperatyésTalways shifted to lower
temperatures with an increase of external field is incorrect.

There is no verified approach how to predict the positioryoh g certain field. However,
Tg seems to be strongly dependent on the ratiqq lys,,. Lower shorrange
interaction fields, leads to increasing ofgTat higher external fields.

T ¥ T L T v T ¥: T ¥ T
T ZFCFC T =320 (K) ZFCFC T =320 (K)
8 —~O—h_=100 Oe u0=2X10'16 (emu) O—h =100 Oe “0=3_5X10.17 (emu)
1.0 ~®—h=5000e || _gg . 1.0 1 —®—h=5000e/| g, s
—O—h_=1000 Oe h,=1500 (Oe) h,=1000 (Oe)
] r.=0.33 r=0.33
= OQ p é%gg 5,200 (Oe) ] = ] 5,,=3200 (Oe)
2 | e f 99999 r,/=0.33 2 . r'=0.33
S 0.5kt 1. 820 | o.=200 (Oe) 1 S N | 5 =200 (Oe) 1
= 5 / B ..O i0 s ‘ i0
o | e =06 L r=0.6
o ©,7 90, km=0 (Oe) .O. km=0 (Oe)
o | © QQO N=5x10'° .. » 16
[ e Oo =5x 0q N=2:86x10
OO ° O T Opo % PDF=2D-Lorentz o PDF=2D-Lorentz
O O - i ve
M ) 000, 990000000, o
0 O 1 ¥ T |/ T b O T L % T OOQOOOO T
0 100 200 300 100 200 300

T(K) T(K)
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PREM1.0: Examples

'V'ZFCFC (Ny) andMy (T)

S km
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350 5l 1017 .0 2000 3 2000 O. 21 1016
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