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FRACTALSAND DOMINANT UNIQUENESS PARAMETERSIN THE
DESCRIPTIONS OF SOME ELECTRICAL ENGINEERING MATERIALS
AND COMPONENTS

D. A. lordache

Physics Department, University “Palitehnica’, 77206 Bucharest, Romania

Starting from the finding that the most intriguing feature of the fractals applications in
physics refers to the dominant (prevalent) character of the specimen sizes in the description
of some mechanical parameters or even of some electrical parameters (as e.g. the electrical
capacitance of some capacitors), this work analyzes the presence of other dominant
uniqueness parameters in the descriptions of some characteristic parameters of the materials
intended to electrical engineering. There were pointed out the following dominant
uni queness parameters in the descriptions of some magnetic materials. a) theinitid relative
permeability 4, which determines with sufficiently good accuracy — by means of some
parabolic correlations in log 4, - the parameters of the hysteresis cycle, as well as the
dispersion parameters (the so-called “limit laws”) of spinelic ferrimagnetic materias, b) the
oscillations frequency, which determines (by means of some power laws) the viscous
friction coefficient of the magnetization domains oscillations, aswell as the quality factor of
sound propagation through certain eastic media
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1. Introduction

Unlike the mathematical systems (geometrical figures, symmetry groups, polynomes, €c),
whose dements are determined by a given (specific) number of uniqueness parameters (e.g. the
lengths of the sides, or the lengths of 2 sides and the angl e between them, for arbitrary triangles), the
number n, of uniqueness parameters U; corresponding to a physical state (or process) depends on
the required accuracy, increasing with the accuracy leve [e.g., the state of the air can be described
roughly by the temperature and pressure, more accuratdy adding the humidity, with an increased
accuracy adding also the CO, content, etc.].

If the physical dimension of a parameter specific to the studied state (or process) is:

RE |j[ui]”‘ , W

then 2 states (or processes) 27, 2" are named similar if the vaues of the parameters {Ui li=1 n} and
P corresponding to these states fulfill the relation [1], [2]:
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Some of the uniqueness parameters could be similitude criteria, i.e non-dimensiona

parameters: [s]=1, with equal values. s = s’ in al similar states or processes. In the macroscopic
physics, the similitude indices a; are integers or semi-integers, very sedom intervening other
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rational values (as 2/3 in the reversed Langmuir law). This finding is valid aso for the rdativey
slow (laminar) flows, the Poiseuille-Hagen equation (valid for Re<Re, ) giving:

:ﬂ@d_pzi, where: Rezpww, ©)

w? dx Re n

and A is a constant depending on the pipe cross-section shape (A = 64 for circumferences, etc).

For turbulent flows, the describing equations become considerably more intricate, the Darcy
similitude criterion f degpending concomitantly on the Reynolds number Re, on the re ative roughness
h/d, on the ratio of the dynamic viscosity in the fluid volume and at the pipe walls #,/n., resp., ec.
In certain particular turbulent flows, the flow parameters are described by means of a unique
dominant parameter, eg.: @ only by the Reynolds number for the smooth pipe flow regime
(3. [4]:

f = (5000Re)*? , f :o.oo32+£2i , o %:ZIogm(Re\/T )—0.8 (%)
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(when the similitude criteria are used as uniqueness parameters, the basic rdaions are not
necessarily expressed by power laws), or: b) only by the rdative roughness h/d for very quick
(squared) flows.

In order to explain the rather strange similitude indices intervening in the description of
turbulent flows parameters, Kolmogorov [5] proposed a hierarchical structure of vortices, the
energy being injected firstly in the largest vortices and transferred in a cascade from the larger to the
smaller vortices, up to the smallest ones, where the energy is dissipated. This hypothesis was
strengthened by the contributions of Mandebrot [6]. Taking into account that (for samples of
different sizes) it is difficult to have exactly equal values of al uniqueness parameters (excepting the
sample size), in order to fulfill the classical rdation: P =C P (with anon-rational similitude index
D, cdled the fractal dimension) of the fractal theory [7], it results that the physical applications of
the fractal theory correspond to the prevalence (dominance) of the size (length) uniqueness
parameter. If for different size domains, the values of D bdong to a set (discrete or continuous) of
real numbers, the corresponding physical structureis called multi (poly)fractal.

In the last years, there were published several identifications of multi (poly)fracta
structures, as those corresponding to: (i) the fracture surfaces of metals [8], (ii) fracture surfaces of
concrete specimen [9], (iii) severa parameters of disordered and porous media, aggregates, polymers
and membranes [10], (iv) eectrode surfaces (of fractal dimension D, =2.6) of some
supercapacitors [11], [12], etc.

2. Experimental part

Mainly, the spindic ferrimagnetic materials used in electronics were studied in this work.
The accomplished anaysis pointed out the possbility to classify many radio-frequency
ferrimagnetic materids in technological series corresponding to the following manufacturing
technol ogies:

a) classical manufacturing technology and widely variable (Li-Zn, Ni-Zn, Mn-Zn)
compositions, involving the German (Siemens) materials 7U15, 20K12, 80K 1, 300M11, 550M25,
M1100, 1100N22, 2000T7, 2000N27, 2000T26, 2000N82 [13], the Hungarian materids ON10,
M1100 [14], and the Romanian materials F1, D1, D2, D3, D12, D42, D5, E2, Al, All, A21m A3,
A41, A5[15],

b) special technologies (programmed depressurization during the cooling, wet chemical
preparation, densely sintering, etc) in manufacturing Mnzn ferrites (named in following the HM
series), involving the Dutch (Philips) materids of grain sizes: 0.21 um (wi = 120), 0.87 um (Wi =
500), and 2.7 pm (p = 1200) [16], the Russian materials 700 HM, 1000 HM3, 1500 HM2, 1500
HMS3, 2000 HM, 3000 HM, HMC1, 4000 HM, 6000 HM [17], and the Romanian materials A22 and
A7[15],

c) stable composition (Fe,0; =49.2+0.8, NiO= 17.1+ 1.1, ZnO = 335 + 0.5 molar
percentage) and variable (Ts = 1160 ... 1295°C) sintering temperatures (named in following the
HH series), involving the Russian materids: 200 HH, 400 HH, 600 HH, 1000 HH, and 2000 HH

[17],
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d) special composition (of the perminvar type), involving the materials. German (Siemens)
U17 [13], the Russian materids. 10 BU1, 30BY2, 50 BU2, 60 HH, 100 BY, 100 HH, 150 BY, 200
HH2, 300 HH [17], and the Romanian materials F2, D41, and F4 [15].

The hysteresis parameters, as well as the dispersion parameters of the Romanian
ferrimagnetic materials were measured according to the experimental methods presented by the
works [18].

3. The initial permeability — as a dominant uniqueness parameter
3.1. Descriptions of the magnetic dispersion parameters
Starting from the Mikami’s model [19] of the magnetic permeability dispersion:

1 /\/‘Of

X'= Xoc 5)
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(- f2/¢2)+ick/fq 2+(if/1) "

Naito [20a] (see aso Snoek [20b]) obtained the “limit” laws describing the “resonance’
frequency f, and the frequency f; for which the imaginary part of the complex susceptibility, due to
the spin rotation motion (second term in reation (4)) reaches its maximum, in teems of the
contributions of the forced oscillations of the magnetization domains walls (y.) and the spin rotation
motion (y.c), resp., to the static magnetic susceptibility, as:

_8GHz
XOC

The study of the magnetic dispersion parameters of the above indicated Dutch (Philips),
German (Siemens), Hungarian, Russian and Romanian industrial soft ferrimagnetic materials,
allowed us to find that the main technica characteristic frequencies (the “maximum” frequency frex
and the “critical” frequency f.it, defined as frequencies for which the tangent of magneti c losses tand
reaches the values. tand(fmax) = 0.02 and tand(feir) = 0.1, respectively) can be rather accurately
described in terms of log ui (Where i istherdativeinitiad permeability) by means of the parabolic
corrdation:

fo =11 y-¥

of

(GH2), and: f,

(6)

IOg fch = ach Iogz :uri + bch |Og :uri + Cch . (7)

The obtained results concerning the values of the parameters ac, ben, Cn Of the above
corrdation for different technologica series, as wel as the ratio R of the extreme vaues of the
characteristic frequencies corresponding to the considered series, the dopes s and the curvatures K at
the ends of the initial permeability range corresponding to each series, and the square mean error
a(AfCh / fch) - for each characteristic frequency and series— areindicated in Table 1.

Table 1. Characteristic Parameters of the Magneto-dispersive Correlations (7).

Defining features of Characteristic Parameters
correlations o(Bfg /)
fen Series of R A ben Ceh Slope s Curvature K %
materials
Classical 8000 | -0.28 | -0.16 | +228 | -0.63... | -0.330... 14.6 %
technology ...-201 | ...-0.049
frrax HM 200 -087 | +32 | -170 | -177... | -0.208... 31%
...-310 | ...-0.051
HH 67 -10 | +29 | -119 | -17.. -0.261 ... 47 %
..-37 ... - 0.039
Perminvar 22 -021 [-035|+281| -0.78... | -0.210... 18 %
...-133 ...-0.013
HM 20 0o -168 | +538 | [I-168 o 28 %
ferit HH 15 -0.30 + +106 | -093... |-0.236... 23%
0.45 ...-153 | ...-0.098
Perminver 20 -029 |[-001|+276| -061... | -0.368... 19 %
...-138 | ...-0.120
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3.2. Descriptions of the magnetic hysteresis parameters

There were studied the dependencies (for different technological series) of the hysteresis
parameters. a) the coercive magnetic fidd strength H, , b) the remanent magnetic induction B;em,
and: ¢) the“dosure” magnetic induction By, defined as:

g, =20l "BlHa) - were Bo(Ha) ~B(Ha) =0001T,  (8)
Bq(Hg) and B:(Hy) being the magnetic inductions on the demagnetization and remagneti zation
branches, resp. of a stable hysteresis loop, corresponding to the same magnetic fidd strength H, .

We have found that the different magnetic hysteresis parameters p, can be aso sufficiently
accurate described by means of some parabalic correlations of the type:

log py, = a, log® 4, +bylog i +c, . 9)

The obtained results were synthesized in Table 2. Some physica interpretations of the
obtai ned results were reported in our preliminary work [21].

Table 2. The characteristic parameters of the correlations: log p,, = a,, log? 1, + by, logu,; +¢;, .

The type of the Thetype of Characteristic parameters
hysteresis technol_ogi ca A by, Ch olpp,/py)r %0
parameters series
Classicd -0.156 -0.133 0.498 17.91%
technology
Hc HM - 0.502 2.681 -2131 12.81%
HH -0.733 3.175 - 1.475 7.25%
Perminvar -0.021 -0.804 4.094 11.93%
Classicd -0.277 1.265 1.910 18.88%
technology
Brem HH -0.210 1.040 1.647 6.29 %
Perminvar - 0.583 2.247 1.174 18.77 %
Classicd -0.190 1.018 2.242 19.29%
technology
Be HM 0o 0.020 3.500 6.64 %
HH 0o 0.156 2.924 7.59 %
Perminvar - 0.510 2.076 1.499 9.17%

4. The oscillations frequency - as a dominant uniqueness parameters
4.1. Thevalidity intervals of the frequency power laws

It is wel-known that the didectric materias, as wel as the dastic materials, present
multiple distinct relaxations. E.g., in the case of metals (dastic materials), Cl. Zener [22] has shown
that there are at least 6 such relaxations, dueto: (i) pairs of solute atoms, (ii) grain boundaries, (iii)
twin boundaries, (iv) interstitiad solute atoms, (v) transverse thermal currents, and:  (vi)
intercrystalline thermal currents, covering the frequency domain between 10% Hz and 10° Hz
Taking into account that the increasing and decreasing sides of the relaxation maxi mums of the plot:
log(tand) = F(log f) are rather abrupt, the frequency fields located around the inflexion points of the
log(tand) = F(log f) plats have an approximate linear shape and correspond to frequency intervals of
1 ... 2 magnitude orders. These are the vdidity intervals of the frequency power laws of the type:

tand (or Q) O f". For the seismic waves, Anderson and Minster [23] have shown that the validity
interval of the frequency power lav: QO f" corresponds to the condition: 7' <<w<<7", where
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v = 10% and 1, ~ 1 s, therefore the amplitude of this interval corresponds to approximatdy 2
magnitude orders (10°) (seealso [24]).

The accomplished study [25] pointed out that: a) the vdidity interval of a frequency power
law for the magnetic dispersion has the amplitude of amost 1 magnitude order, b) the best
agreement for a frequency power law corresponds to the viscous friction coefficient corresponding
to the oscillations of the magnetization domains wals: r O f", c) the vaidity domains of the
frequency power laws corresponding to the viscous friction coefficient of the magnetization domain

walls present the maximum technical interest in Electronics (as wdl as the frequency intervals
corresponding to the se smic waves in the case of the € astic waves).

4.2. Arethefrequency power lawsa “fingerprint” of some fractal structures?

The frequency power laws met for some frequency intervals of the magnetic permeability
dispersion, as well as for some frequency intervals (e.g. the “seismic” ones) of the dastic dispersion,
are somewhat similar to the power laws corresponding to the size effects of the extensive parameters
corresponding to some fractal structures.

Despitethis similitude, it is not an easy task to explain the frequency power laws. There are
though some arguments to interpret these frequency power laws as a conseguence of a certain
(restricted) fractal-type structure:

a) the geometrical similitude (and self-similarities, i.e. fractals) represents a particular case
of the general theory of the physical smilarities[1], [2]

b) the existence of a fractal structure could imply some frequency power laws

Taking into account that for the oscillations of frequency f propagating with the ve ocity v
in a sample of characteristic size L, formed by grains, pores or magnetic domains of characteristic
sizel, the 2 irreducible similarity criteria predicted by the Buckingham’s theorem [1] (the number of
irreducible similarity criteriais equa to the difference of the numbers of uniqueness parameters and
of active fundamental quantities, respectively) are: L/l and f.l/v , the expressions of the state
parameters (extensive parameters or intensive ones, as the losses tangent, etc) can be written as:
p = F(L/, fN).

If the function F(x) is differentiable and sdf-similar in both its arguments:

FOR)/F(x) = D(%f ) | (20)

then [2], [26]:

p=(L/1)™ off m/v)2 (12)
therefore a fractal-type power law for the size effects corresponding to the extensive parameters, and
a frequency power law for the intensive parameters and even extensive ones of the same system
subject to oscillations of different frequencies.

¢) the presence of some classical (geometrical) fractal structures could lead to the
generation of harmonics and/or subharmonics of the basic oscillations

It iswdl-known also that: (i) any discontinuity in an dectrical transmission line will excite
certain higher-order waves [27], (ii) the Cantor-like (fracta) structures determine a generation of
subharmonics [28]. That is why the generation of some “fractal” frequency structures leading to the
found frequency power laws has to be studied in following.

5. Conclusions

The accomplished study pointed out the possibility to use some dominant uniqueness
parameters: (i) the initial magnetic permeability, and: (ii) the oscillations frequency, resp. in order
to describe accurately some technical parameters of the magnetic dispersion and of the hysteresis
cycle, as well asthe viscous friction coefficient r of the magneti zation domains walls oscillations (by
means of a frequency power law), the real permeability and the tangent of magnetic | osses, etc.
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While the rather accurate descriptions corresponding to the initial permeability prevailing
role are due to the cdassical “magnetic’ order, the frequency power law descriptions of some
magnetic dispersion parameters seem to be rel ated to some fractal -type structures. In order to clarify
the relation between the frequency power laws and the fracta structures, the basic features of the
harmonic and subharmonic generation on fractal structures have to be studied in detail.
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