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THE ANALYSIS OF SOME ACCOMMODATION AND DIS-
ACCOMMODATION (HYSTERESIS) PROCESSES IN SOME

MAGNETIC MATERIALS AND SANDSTONES FROM THE
PERSPECTIVE OF PHENOMENOLOGICAL UNIVERSALITY

Ton APOSTOL' and Dan Alexandru IORDACHE?

Based on recent approaches in terms of Universality classes, this paper re-
examines the analysis of the growth-accommodation processes in [1] regarding
photo-relaxation processes of magnetic materials (low complexity). Also the
analysis is extended to compression-decompression (hysteresis) processes for rich
complexity materials (sandstones). The fitting accuracies of the growth-
accommodation processes are compared for three models: original West, Ul
(extended Gompertz) and U2 (extended West). The last two models show a
considerable better accuracy of the accommodation-stagnation processes fitting.

Keywords: Phenomenological Universality, Universality Classes, growth-
accommodation, complexity.

1. Introduction

In the analysis [1] of photo-relaxation processes of some magnetic
materials [2], [3] , for fitting of the accommodation processes, it was used the
West model [4]:

v =y, [1+b(1—exp(~t/)]". (1)

The achieved results, even if quite satisfactory, do not correspond to the
complexity of the studied systems due to the low flexibility of the West equation
(1), which operates only with two parameters.

This, and the desire to expand the application of the Phenomenological
Universality (PUN) [5] to as many growth processes, urged us to study the
compatibility of the models of the Universality classes (CUN): Ul (extended
Gompertz) and U2 (extended West) with the experimental data. On this occasion,
the compatibility study has been extended also to some medium complexity
systems (rocks), for which the compression-decompression (hysteresis branches)
curves were already experimentally studied.
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2. Phenomenological Approximation

To analyze the evolution of a physical parameter y(¢), we considered as
especially useful the Phenomenological Universality (PUN) approach, proposed,
developed and used by the research group of Prof. P. P. Delsanto [6] - [9].

It is assumed that the evolution of the system can be described by a
nonlinear first-order differential equation:

P=v(,0)- (), 2)
where y is the absolute growing rate parameter y . This can be converted into
z=L=v(z), 3)
y
using the obvious substitution
z=In(y). 4
In(3), v(z,t) =z = b is the relative growing rate of the parameter y.

y-dt
The equations (2) and (3) look too general to be used and, therefore, it is
necessary to introduce some assumptions on the function v(z,?), independent of

the actual studying problem.
We can assume that the “velocity” v depends only on #, and its first
derivative — the "acceleration" - can be developed in power series of v:

o0
a=v= YKk, Vi) =B-v+yvi+svi +.. (3)
n=1

Depending on the actual situation, this series will be limited, of course, to
a certain number N of terms, thereby generating a corresponding Universality
Class (CUN).

A mechanical analogy is visible (which justifies the notations): z — the
position, v(z,t) =z - the speed and a =v=7% - the acceleration, the equation (5)
being obviously a differential equation of motion in a viscous medium. The
integration of equations (5) and (3) will provide the real expressions for the
evolution (growing) in each Universality Class (CUN).

The first successive values of N (=0, 1, 2) are leading to the:

a) UO class: even if N = 0 is not part of the series development (5),
this value is very important, accounting for a constant growing relative rate:
a=0, v=y,=const, and y(¢)=y,exp(v,-?). (6)

This is the expression of an autocatalytic development (explosive growth
or relaxation) of the parameter y(#), where (here and beyond) vo= v(0) is the initial
value of relative growth rate.

b) Ul class: N=1, a = f-v and:
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¥() =y, exp(%(exp(ﬁt)—l)j, (7)

which represents a similar expression to the Gompertz equation [10]:
y(t) = expl— m(ct - I)J, with ¢ > 1.

c) U2 class: N =2, a=ﬁ-v+}/-v2 and
1

¥(0) =, {H V;y (l—expw-t))} / (8)

corresponding to a generalization of the West law (1): [4], [11], [12].

For the direct fitting of the growth curves, there were used UN functions
of type ACS (accommodation - stagnation) from the classes U1 - (7), U2 - (8) and
also West - (1).

3. Photo-induced relaxation of the relative magnetic permeability and
coercive magnetic field

The curves of the photo-induced relaxation were fitted for the relative
magnetic permeability and the coercive magnetic field strength of some spinelic
ferrites, studied in the Physics Department of U.P.B. in 1978 — 1981 [13], [14].

For this purpose, there were used the equivalents of the equations (1), (7),
(8), as it follows:

a) for the West equation (1):

p
() =y, {1 + % (1-exp(-1/ T))} ; ©)]
b) for the U1 function (7):
(1) = vy explv,r(l-exp(-1/7)], (10)

¢) for the U2 function (8):

p
y(z):y{n%(pexp(—z/f)} . (11)

3.1. Results for the photo-induced relaxation

It was performed the fitting of the the experimental results obtained during
the 1979-1981 interval for photo-induced relaxation of the relative magnetic
permeability and magnetic coercive field on some magnetic materials, continuing
so the calculations reported by paper [1].
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The graphs presented by Figures 1 (for a stabilized laser irradiation), 2 (for
a non-stabilized laser) and 3 (for the irradiation of a classical source), as well as
the values of the standard errors indicated by Table 1, demonstrate that the studied
processes of photo-relaxation of the relative magnetic permeability can be best
fitted by the phenomenological universality functions of classes U1 and U2.
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Fig. 1. Graphical fitting results of the photo-relaxation processes of the relative magnetic
permeability under the influence of a stabilized laser radiation
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Fig. 2. Graphical fitting results of the photo-relaxation processes of the relative magnetic
permeability under the influence of a non-stabilized laser radiation
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Fig. 3. Graphical fitting results of the photo-relaxation processes of the relative magnetic
permeability under the influence of a classical source radiation

Table 1
Values of the fitting parameters for the photo-relaxation of the relative magnetic permeability

Source Fhenomenological Characteristic Parameters Standard
T TUniversality - P deviation
ype Model Ha T[min] | v, [min] P (%)

WEST 108556 | -13.180 - -0.024 0.62%
Classical ul 1087.61 2431 0038 - 0.14%
12 1086.56 1.582 -0.031 +0.067 0.04%
- WEST 1082.15 | -8.387 - -0.022 0 85%
Monstabiized U1 1087.84 | 1930 | 0054 | - 025%
uz2 108664 1.051 -0.040 +0.04% 0.23%
WEST 1076.94 | -5.862 - -0.023 0.89%%

Stabilized
Laser U1 108565 1.764 -0.070 - 0.35%%
2 108535 1.578 -0.066 +0.377 0.37%

The same conclusions (as those obtained from Figures 1-3 and Table 1)
result from Figures 4 (for a stabilized laser irradiation), 5 (for a non-stabilized
laser) and 6 (for the irradiation of a classical source), as well as from the values of
the standard deviation presented by Table 2, for the photo-relaxation of the
coercive magnetic field strength.
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Fig. 4. Graphical fitting results of the photo-relaxation processes of
the coercive magnetic field strength under the influence of a stabilized laser radiation
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Fig. 5. Graphical fitting results of the photo-relaxation processes of
the coercive magnetic field strength under the influence of a non-stabilized laser radiation

The examination of figure 6 points out a somewhat similar behavior
(photo-relaxation) at the photo-irradiation by means of a classical light source of
the coercive magnetic field strength of some ferri-magnetic spinelic materials.
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Fig. 6. Graphical fitting results of the photo-relaxation processes of
the coercive magnetic field strength under the irradiation of a classical light source

Table 2
Values of the fitting parameters for the photo-relaxation of the coercive magnetic field strength
Source Phenomenological Characteristic Parameters Standard
T Universality - P— deviation
ype Model A [Am] | Tmin] | v, [min] | 2 (%)
WEST 77 5007 - 0.025 0.30%
Classical Tl 3783 1.351 0064 - 0.23%
2 3780 1.913 0085 0.079 0.20%
3 WEST nT7 4,185 - 0.02% 0.28%
Nenstabiized Ul 3782 | 1253 | 0078 - 0.21%
12 37.80 1777 0.104 0.086 0.17%
WEST 3776 3.918 - 00328 0.31%
Stabilized . o
Laser U1 37.84 1.291 0.092 0.28%
U2 37.80 1.8597 0.127 0.096 0.21%

The high accuracy of the obtained fittings is pointed out by the practical
coincidence of all 9 values of the fitting plots crossings with the coercive

magnetic field (strength) H. (see the first numerical column of Table 2).

4. Analysis of the UN fitting for mechanical hysteresis processes for
some types of sandstones

The used experimental data concerning the mechanical hysteresis
processes of some sandstones are those established by the works [15] (Castlegate),

[16] (Berea 1) and [17] (Berea 2).
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For this purpose were used the equivalents of the equations (1), (7), (8), as
follows:
a) for the West equation (1):

p
(o) = &, {1 L1 —expl- /0y ))} (12)
p
b) for the U1 function (7):
£(0) = ¢, eXp[VoGrel(l_eXp(_G/Grel))]’ (13)

¢) for the U2 function (8):

p
eo)=¢, [l + % (1-exp(-0/ 0 ))} : (14)

The mathematical processing of all numerical data (referring to some
magnetic and mechanical properties, respectively) was performed using the
application "Solver" to program Excel, with the conjugate gradient method. It was
minimized the absolute standard deviation of the analytical results relative to the
experimental data.

4.1. Results from the analysis of mechanical hysteretic process

The analyses of the plots from Figures 7-9 and that of the fitting errors in
Table 3 point out that while the West model offers the lowest line (only a
mediocre agreement) with the experimental results [15] - [18], the best agreement
is provided by the U2 model. This is the sole model that faithfully reproduces the
entire hysteresis process (see Figures 7 -9).

‘3(10'3)
06 "
oy
0.54 N
047 e ey Castlegate sandstone
e o compression
0344 e compt. West
> « compt. 11
compt. T2
0.2 4 decotipression
. « decompr. West
o2 - decompr. 171
decompr. T2
0 - G [N Pa
0 2 4 & g 10 12 [ ]

Fig. 7. Graphical plots (strain € — stress o) of the fitting of
the compression-decompression elastic hysteresis processes of the Castlegate sandstones [15],
by means of different phenomenological universality models (West, U1, U2)
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Fig. 8. Graphical plots (strain € — stress o) of the fitting of
the compression-decompression elastic hysteresis processes of the Berea 1 sandstones [16],
by means of different phenomenological universality models (West, U1, U2)
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Fig. 9. Graphical plots (strain € — stress o) of the fitting of
the compression-decompression elastic hysteresis processes of the Berea 2 sandstones [17],
by means of different phenomenological universality models (West, U1, U2)

The obtained numerical values of the parameters of the studied
phenomenological universalities (West, Ul, U2) describing the mechanical
hysteresis processes of the 3 examined sandstones were synthesized in frame of
Table 3.
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Table 3

Values of the fitting parameters of the 3 studied phenomenological universality models
(West, U1, U2) describing the mechanical hysteresis processes for some sandstones

Sandstone Phﬁngmen:]liugical hEltasul:_ {haracteristic Parameters ﬁta:lld;rd

nvers ty ysteresis K . £viation
[Reference] Model branch £,(10°) |0,y [MPa] v, [MPa 1| s (%)
WEST CONDIESSIon 00791 240 - -1.2%1 14.0%
Castleaate decompression 012641 410 - 1.0100 14%
g mn COmpression 00625 368 0598 - 39%
[13] decompression 02635 37 0203 - 1.6%
) COMpIession 00 A MEET N 249
decompression e LY 03077 0433 3%
WEST COMpIEsSion 02340 250 - N 15.3%
decompression 05422 330 - 26376 3 6%
Berea 1 1l CONpression 02147 388 0.569 i 10.4%
[16] decompression 01.5108 399 0332 - 0%
m COMIpression 00037 813 96 195 09561 4%
decompression 0.3701 759 0939 0.7298 1.5%
WEST compression 05730 6.77 - 19026 38%
decompression 0.7902 770 - -5.0864 36%
Berea 2 mn COMpression 03273 .13 01540 - 46%
[17] decompression 07714 813 01406 - 2.9%
m CONpression 0.0483 3Ln 4740 | 03684 1. 7%
deconpression 02671 i1l w0 | 047 0.3%

5. Conclusions

The processes taking place in the complex systems can be
modeled with high precision by means of the CUN functions. Low
Complexity Systems (magnetic materials) are described with practically
the same accuracy by means of both classes of functions UN. Medium
and high complexity systems (rocks) are well described only by U2
function. Based on the results presented in [18] and [19], we propose to
be compared the description accuracies of two models of hysteresis
loops: a) that [19] by means of some hyperbolic functions and b) the
one [18] by means of the CUN functions.
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