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As it is known, the assignment of the defects and impurities embedded in the
crystalline lattice of the Charge Coupled Devices (CCDs), used as particle detectors
is achieved starting from the values of some physical parameters, mainly of the: a)
difference |E: — Ei| between the energies corresponding to the traps and to the
intrinsic Fermi level, respectively, b) the polarization degree of the capture cross-
sections of free electrons and holes, respectively, ¢) the pre-exponential factor Dep
of the depletion dark current.

In the frame of the classical gradient method, the values of these physical
parameters are found by means of the attraction centers (attractors) of the iterative
procedure. For this reason, the present work aims to study the main features of the
attraction centers (and of some related numerical phenomena) intervening in the
evaluation of the main physical parameters of (the temperature dependence of the
dark current in) CCDs by means of the classical gradient method.

Keywords: dynamic magnetization curves, hyteresis loops and parameters, power
laws, phase transitions, numerical phenomena.

1. Introduction

1.1. Preliminary considerations

As it is well known, the scientists’ opinion about the time endurance of the
scientific works is usually very pessimist. E.g., the information specialist Dr.
Werner Gitt appreciated [1], p. 162: “Most of the scientific publications become
outdated after ten years”. Given being the work indicated by this paper title is 50
years old, we consider as being of interest to find if there remain still valid some
elements of this work. Taking into account that there is a huge number of soft
magnetic materials of high technical interest?, each of them involving several
categories corresponding to the: (i) composition, (ii) manufacturing technology,

1 Physics Department, University POLITEHNICA of Bucharest, 313 Splaiul Independentei,
060042 Bucharest, Romania, daniordache62@yahoo.com and the Academy of Romanian
Scientists, Bucharest

2 E.g., only the table 13.4 of S. V. Vonsovski treatise [2] involves not less than 18 main types of
soft magnetic materials: a) the technical Fe, b) pure Fe, ¢) Fe-Si, d) textured Fe-Si, €) hypernik, f)
permalloy 45, g) permalloy 78, h) permalloy Mn, i) permalloy Co, j) mumetal, k) alloy 1040, I)
supermalloy, m) permendur, n) permendur V, o) perminvar, p) alsifer, q) Ni-Zn ferrite, r) Mg-Zn
ferrite, and ... s) Mn-Zn ferrite, omitted in the Vonsovski’s list!
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(iii) frequency used field (static, low frequency, radio-frequency®, microwave
frequencies):

a) it is not at all surprising that the work indicated in this paper title
(corresponding to very strict and narrow parameters intervals) was never cited
outside the circle of author’s collaborators,

b) the practical action of the international beneficiaries consisted in the
elaboration of one-page synthesis of the specific properties of the studied material.
This task was very well fulfilled by the analysis of M. Ben Elieser for the Physics
Abstracts and Chemical Abstracts reviews [3].

Taking into account that according the findings of Emeritus Psychology
Professor Dean Keith Simonton (California University at Davis): “Most articles
published in the sciences are never cited by anybody ..., but the main predictive
factor of the impact is the productivity” (last third of the paper “What makes a
genius”, National Geographic, no. 169, May 2017), we have to find in following
the author’s (and of his research group) productivity in this scientific field.

Given being the basic documentation of a work is an essential parameter
for its time resistance, we have to examine briefly also this aspect for the studied
work.

1.2. Study of the documentation of the examined paper concerning the
previous works on the magnetic materials

The study of the references (from the pages 40-41) of the examined paper,
about the previous works in this field point out that there were known: a) the most
important (for the studied field) old papers [4], b) the intermediate studies, up to
the establishment of the ferrimagnetic materials theory, as [5], c) the discovery by
the French scientist Louis Néel (awarded in 1970 with the Physics Nobel prize*)
of the ferrimagnetic state and of the corresponding materials [6], d) the main
works of the French school of magnetism [7], especially those referring to the
ferrimagnetic materials [7c]-[7g], and even to the Mn-Zn mixed ferrite [7f], €) the
principal works of the American school of magnetism [8], f) some of the main
works of the German magnetism school [9], g) the principal works of the Japanese
school of magnetism [10], h) as well as other studies printed in the frame of some
Romanian publications [11]. Other important studies on soft magnetic materials
[12] became known for us later, being involved as additional references in our
subsequent works (see sections 3.3 and 3.4 in following).

3 The studied magnetic material by this work presents a special interest in Electronics, but the most
investigated materials are those used in Electrical Engineering.

4 The Physics Nobel prize was awarded in 1970 to Louis Eugeéne Félix Néel (1904-2000) for “his
fundamental work and discoveries concerning anti-ferromagnetism and ferrimagnetism, which
have led to important applications in solid state Physics”.
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We have to mention also the direct author’s cooperation (prior to the
examined paper elaboration) with some of the best Romanian experts in the fields
of: (i) technology of the magnetic materials manufacturing as: Jeanine Neuberger
(b. 1926, Bucharest, d. 2011, Darmstadt, Germany), Rodica Catuneanu (b. 1932),
loana Voinea-Stanciu (main collaborator and provider of the most magnetic
materials studied by our works), (ii) electronics measurements, as the electrical
engineer V. Tanach (between 1962-1965), and — immediately after the examined
work printing with engineer (later professor dr. eng. and corresponding member of
the Romanian Academy) Adrian Rusu (since 1967), prof. dr. Alexandru Lupascu
(since 1978), (iii) hard magnetic materials and corresponding devices for the
electrical engineering, mainly PhD Eng Marlene Marinescu and her husband —
Phys PhD Nicolae Marinescu (between 1961-1965), and: (iv) Laser radiation
interaction with some magnetic materials (between 1979 and 1981). Additionally,
the author has to underline that his whole activity in the field of magnetic and
dielectric materials was accomplished in the frame of a strong cooperation with
some other specialists in this field, mainly the professors Aurelia Stepanescu-
Sansoé (from Dipartimento di Fisica of Politecnico di Torino and Istituto “Galileo
Ferraris” from Turin), the PhD advisers in the fields of magnetic materials — prof.
dr. eng. Horia Gavrila, and of the dielectric and magnetic materials — prof. dr.
Doina Gavrila, and others.

1.3. Subsequent (author’s and of his research group) studies in the
field of the soft magnetic materials

The study from Bul. IPB 29(2) 25-41(1967) was followed by other 38
published works in the same scientific field, with the cooperation of 24 Romanian
specialists (academic professors, PhDs and engineers).

a. Works communicated (and published by the corresponding
Proceedings) in the frame of some International specialty Conferences

A first group of 17 works was communicated (and published) in the frame
of some International specialty Conferences, as those of the: (i) first (1997) and
second (1999) French-Canadian-Romanian Workshop on Materials of Electrical
Engineering, 3 (2001), 4" (2004), 5" (2006) and 6™ (2008) International
Conferences on Magnetic and Dielectric Materials (MmdE), (ii) the 2 Conferences
of the Balkan Physical Union from Thessaloniki — Greece (1991) and lIstanbul
(1992), (iii) the 3 international Conferences on the applied (for us in Magnetism)
Computational Physics, from Prague (1992), Bratislava (1995) and Brno (1998),
etc.

b. Works published in some ISI reviews of the Romanian Academy

A second group of 3 works was developed with the cooperation of 8 other
Romanian specialists (PhD advisers, inclusively) and published in the scientific



314 Dan A. lordache

reviews of the Romanian Academy: Review Roumaine de Physique (1980), Mém.
Sci. Sections of the Romanian Academy (1981) and Romanian Journal of Physics
(2005).

c. Works published in the frame of some Romanian ISl academic
reviews

A third group of 9 scientific works (including the paper indicated in the
title of this paper) was published by the different series (Mathematics and Physics,
Chemistry, FElectrical series) of the Scientific Bulletin of the “Politehnica”
University of Bucharest, in the years: 1977, 1978 (1 work yearly), 1979 (2 works),
1982, 1990, 1994 and 2003 (1 work per year), with the cooperation of other 7
Romanian specialists (outstanding PhD advisers, inclusively, as Professors lon M.
Popescu and Constantin Cristescu).

d. Works communicated (and published by the corresponding
Proceedings) in the frame of some Romanian specialty Conferences

A fourth group of 8 scientific studies were communicated in the frame of
some Romanian specialty Conferences, namely:

a) 3 works at the First National Symposium on Magnetic Materials,
organized in 1979 by the Research Institute for Electrical Engineering. (ICPE),
Bucharest, and published in this Conference Proceedings, at pages 76-82 and 83-
93, respectively (first volume), 442-450 (3" volume),

b) Other 3 works communicated at the 3 National Magnetism
Conference, organized by the State Council for Nuclear Energy (CSEN) - Central
Physics Institute (ICEFIZ) - Technical Physics Center, lasi, 1983, and published
in the Conference Proceedings at the pages 150-55, 156-161 and 162-165, resp.

c) one work presented in the frame of the 3™ National Conference on
Electronics, Telecommunications and Computers, Polytechnic Inst. Bucharest,
November 1986, published at pages 108-112 in Proceedings,

d) another work communicated at the First Scientific Session of the
Romanian Society of Magnetism and Magnetic Materials, Res. Inst. for Electrical
Engineering. (ICPE), Bucharest, 1990, published at pages 65-76 in Proceedings.

e. Published didactic works in the Magnetism field

A fifth (and last) group involves:

a) the “Guide for the use of the device intended to the dynamic magnetic
measurements JF-01” developed by our research group, published in 1978 by our
Polytechnic Institute of Bucharest, as a booklet of 19 pages (this device was sold
to different Romanian education and research units, in 500 samples) [13a],

b) the chapter 6 (pp. 129-154) “Magnetic Properties of solids”, in
“Lectures of condensed Matter Physics”, 4% edition, 2003, Printech Publishing
House, Bucharest,



The work “L’étude de la courbe dynamique d’aimantation [...] revisited 315

¢) the didactic movie "Earth’s Magnetism", Central Office for Education
Tools of the Romanian Education Ministry, 1980 (approx. 15 minutes).

2. Studied Methods and Devices for the Dynamic Magnetic Measurements

We have to find again that the devices of magnetic measurements
represent a very scarce category in the frame of the electrical (and magnetic)
measurements devices (e.g. they are not present by any device in the collections of
more than 200 didactic and scientific instruments manufactured by the
international specialty firm PASCO (from Roseville, California, USA) [27]. As it
concerns the dynamic magnetic measurements, they have to be divided in
measurements at: a) low (audio), b) radio, ¢) microwave frequencies. In following,
we have to distinguish between the measurements at: (i) weak, and (ii) medium
magnetic field strengths.

In the frame of the studied paper, the measurements at weak magnetic
fields were accomplished by means of a low frequencies impedance bridge (see
fig. 1 and pages 26, 27), while those at medium magnetic fields use an amplifier-
integrator set up (installation) of the type presented by fig. 8 at page 37 of the
work [7]. The principles of the dynamic magnetization measurements at weak and
medium magnetic field strengths reported by the studied work were confirmed
and presented in detail by our work [8], referring to the device JF (low frequency)
- 01 developed by us. The electronic scheme of our magnetic measurements
device JF-01 (JF = low frequency) is presented by fig. 1 below, while the image
of itself this device is shown in fig. 2.
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Fig. 1. Electronic scheme of the magnetic measurements device JF-01
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Fig. 2. Image of the device of magnetic measurements at low frequencies JF-01

Given being this device corresponded to an actual need of our education
system and even of some research activities (as those from the field of the
magnetic materials necessary to electronics industry), our device was introduced
in manufacturing activities by the leadership of the Polytechnic Institute of
Bucharest (at the beginning of the years 1980), being manufactured in more than
500 copies, each one evaluated at about $200, at the Romanian currency from the
years 1980.

Our main subsequent published papers on these topics were:

a) The detailed study of the principles of low-frequency magnetic
measurements, accomplished by the work [9],

b) The rigorous processing of the experimental data obtained by means of
the studied methods, done by the work [10],

c) Study of the main experimental methods and of their corresponding data
processing procedures, both for the fields of low frequencies and of the medium
frequencies (100 kHz — 100 MHz) [11],

d) Description of the new device LFR-01 intended to the evaluation of the
reversible magnetic permeability and to more accurate data processing [12].

The studies concerning the experimental methods intended to the
measurement of the dynamic low frequency parameters of the soft ferrimagnetic
materials were completed by the elaboration of the device LFR-01 [12], presented
in the frame of the 3™ Romanian Saloon of Inventions, Technologies and New
Products [13], the front panel of this device being presented in fig. 3.
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Fig. 3. The front panel of the device LFR-01.
The functions of the main components of the LFR-01 device panel are
presented by the following table: 1. Terminal for the signal B(t) extraction, 2.
Terminal for the signal H(t) extraction; 3 and 9 — terminals for the null voltage; 4.
Terminal for +8 V supply; 5. Terminal for the connection of the winding, intended
to “bring” the studied torus in a certain magnetization state, located on a given
hysteresis cycle; 6 and 7 — terminals for the connection of the magnetic torus
winding, whose inductance is measured; 8 — terminal for the extraction of the
voltage on the pure ohmic resistor of the composed RLC circuit; 9. Point of null
voltage; 10. Terminal for the injection of th low (audio-) frequency; 11. Terminal
for the connection of the secondary winding (approx. 10 whirls Cu-Em, diameter
0.1 — 0.5 mm); 12 and 13 — terminals for the connection of the primary winding
(Cu-Em, diameter 1 mm); 14. Potentiometer intended to the regulation of current
intensity I= for the choice of the magnetization state at the determination of the
reversible permeability, 15. Switch |- direction corresponding to the
magnetization state; 16. Switch in steps intended to the regulation of the
amplification of the signal B(t); 17. Swich for the work regime (3 scales for the
determination of the inductance L, one scale for the visualisation of the hysteresis
cycle and T — to point out the shape of the signal B(t), respectively, 18.
Potentiometer intended to the regulation of the signal H(t); 19. Small signal bulks;
20. Electrical network switch.

3. Physical Features of Complexity of the Studied Soft Ferrimagnetic
Materials

3.1. Presence of some specific phase transforms

Because for solids the “contact” (interactions) with surroundings produces
phase transforms at this matter organization level, both the crystalline lattice
structure and the ions (electrons) energy levels structure is essential in order to
describe the Complexity features of the technical (solid, usually) materials.

In order to exemplify the implications of these structures, figures 4 and 5
present — for the studied ferri-magnetic spinelic material — the crystalline lattice
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structure and the corresponding ions energy levels structure, respectively [14b], p.
122.

The transitions from the ions interactions with: (i) nearest neighbors, (ii)
ions from another (different) ferri-magnetic sublattice (see fig. 4), (iii) the external
magnetic field, determine the phase transforms between the Hopkinson range, the

ferri-magnetic phase and the paramagnetic one (see fig. 5).
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Fig. 4. Structure of the crystalline lattice of soft ferrimagnetic spinelic materials
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Fig. 5. Structure of the ions energy levels in the soft spinelic ferrimagnetic material Mno.ssZno.42Fe204

3.2. Presence of some specific power laws
The first generally recognized work of the Complexity theory in nature

sciences belongs [15] to the Physics Nobel prize laureate — prof. Philip Warren
Anderson. Its name “More is different” [16] suggests the existence of several
organization levels of matter, with specific structures, constitutive equations and
laws.
According to the Physics Nobel prize laureate — Kenneth Wilson [17]:
“Are complex the states of a system inside whom are concomitantly active strong
fluctuations at several organization levels. The same Kenneth Wilson’s works

point out also the prevalent role of the Phase transitions.
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Fig. 6. Temperature dependencies of the initial magnetic permeability w1 and of the Rayleigh’s coefficient R,
for the industrial ferri-magnetic material Fe2.0Mno.ssZno.4204 — R. Dobrescu, D. lordache
“Complexity and Information”, Romanian Academy Printing House, 2010 ([14b], p. 249).

Taking also into account the prediction of Philip Warren Anderson relative to the
“explosive” auto-catalytic (exponential) growth following the spontaneous symmetry
breaking, one finds that any dimensional parameter p has to be described in complex
systems by its logarithm (see also Figs. 7, 8 and 9).
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Fig. 7. Cumulative probability distribution of total net capital (wealth) shown in log-log, log-linear
(inset) coordinates. Points: the actual data, solid lines: fits to the Boltzmann-Gibbs

p(E)=C -exp[— %j and Pareto’s p(m) = A-m™" power law (according to [18])
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Fig. 8. The Guth version [19] of the Stan-  Fig. 9. The linearized approximation of the infla-
ford model of Cosmology (SMC). tion stage of Linde’s version [20c] of SMC.

From Figs. 7, 8 and 9 one finds that — for the complex systems that cover
usually several organization levels of matter - the most convenient description
uses the logarithms Inp of their corresponding physical parameters p. This
finding is also supported by the Dalton’s law of the “defined proportions”,
intervening in the theory of chemical reactions (somewhat similar to the phase
transforms) [21a], p. 423: de =132 . _ 9N 5 ope finds that the

Vi V2 VN
Dalton’s relations lead also to the representation of some phase transforms
(chemical reactions) by means of the typical numerical representation Inv ;.

Given being the basic co-relations between different parameters are the
linear ones, it results that the typical relation between a pair of parameters p, g —
in the frame of complex systems — is given by the expression:

Inp=Inp;+s-ng,ie.: p=p;-q°. (3.2.1)

One finds so that the typical relations between the parameters of the
complex systems are expressed by means of some power laws, with irrational
values of the exponent s, generally. This result was confirmed by the discovery
(1897) of Vilfredo Pareto’s power law [18], describing the distribution of the
individuals wealth. We have to underline that many power laws of Physics
correspond to some phase transitions. E.g. the Domb-Fisher (power law) relation

[22], [23]: %:bﬁ )" (3.2.2)

5 The sign “-“ corresponds to the substances that disappear during the considered chemical
reaction, while the sign “+” corresponds to the appearing substances. One finds that the degree of
advance & of the considered chemical reaction can be expressed by means of Inv i where v j is

the amount (e.g. number of moles) of one of the substances participating to the chemical reaction.
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describing the temperature dependence of the magnetic susceptibility between the
Hopkinson’s and Curie’s temperatures, corresponds to the transition between the
ferromagnetic and the paramagnetic phases [24].

In such a way, the power law: B-yjH =a-H", (3.2.3)

found by our work from Bul. Inst. Politehn. Bucuresti 29(2) 25-41(1967)
[referring to the dependence of nonlinear magnetization permeability on the
magnetic field strength: u(H)-zj =a-H", where n is a non-integer number
(with values between 1 and 2), specific to the studied ferri-magnetic material] is
inscribed perfectly among the most important other power laws met in Physics, as:
a) the Miiller’s expression [25a] of the dependence of the quality factor of
the seismic waves propagation through different rocks on these waves frequency:

Q=a-0’, (3.2.4)
b) the expression: r=r-f" (3.2.5)
of the dependence of the viscous coefficient of the oscillations of the

magnetization walls of magnetic materials on the magnetic field frequency [25b],
¢) the Stevens’ law of Psychophysics [25c]:

S=5;-1", (3.2.6)
of the dependence of the sensation S on the stimulus (excitation) intensity I, etc.

4. Conclusions

The analysis of the basic features of the studied work points out that:

a) it was elaborated after:

(i) a thorough preliminary documentation on the previously published
French, American, German, and even Japanese and Romanian specialty studies
published during approximately 80 years (1885-1964) prior to its printing,

(if) the consultation of the best Romanian (Rodica Catuneanu, loana
Voinea-Stanciu) and of some of the international specialists (Jeanine Neuberger,
Marlene Bicalis-Marinescu [26]) in the field of the magnetic materials for
electrical engineering and electronics, as well as of some outstanding specialists in
the field of electronics measurements (V. Tanach, Adrian Rusu, Alexandru
Lupascu), and Laser interactions with solids (Physics PhD advisers Ion M.
Popescu and Constantin Cristescu).

b) the printing of the studied paper was followed by:

(i) the publication of almost 40 other scientific studies strongly related to
its topics and chosen experimental methods,

(ii) elaboration of some devices (JF-01, LFR-01) for magnetic
measurements [27], [28], which do not have correspondent in the classical sets of
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didactic and basic research devices intended to both high-school and research
units [29],

(iii) while the studied work (Bul. IPB 1967) and the following almost 40
papers published papers, strongly related to the studied work, were reviewed (with
0.5 ... 1 pages content descriptions) by the main abstracts international reviews
(Phys. Abstr., Chem. Abstr., Bull. Signalétique, etc), but were not cited outside
the “perimeter” of their authors, no less than 500 devices JF-01 built on the
principles of the studied work were sold at the price of approx. 200 $ per device,

c) the descriptions of the elaborated devices were accepted, presented and
published (with good appreciation) in the frame of several international
Conferences, particularly in the countries (Czech Republic [30a], France [30b])
contributing somehow (indirectly) to their elaboration.

d) the studied work (Bul. IPB 1967) and its following related publications
contributed strongly to make evident some basic features of the investigated
complex magnetic materials, as their phase transforms and power laws. These
results were highly appreciated by the Romanian sciences Academy, being
awarded with the “Stefan Procopiu” prize [14a], and the “Grigore Moisil” prize
[14b] of these Academies.

All the above findings lead to the conclusion that the studied work
(published 50 years ago) opened an important research field, with multiple
didactic, industrial and even scientific (in the field of Complexity Theory)
implications, some of them presenting
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