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ABSTRACT

Superconductors modelling are briefed.

At previous Conference Proceedings, a contribution with computational advances and the review of superconductors (SC) Isotope Effect and Molecular
Effect Model (MEM) were presented. That comprised Type I and Type II superconductors materials, both classical and modern ones. 2D/3D Interior
Optimization is applied here for further sharper results with numerical dataset in Type II high- temperature superconductors (HTSC). Future challenges
in superconducting lines are explained as an author’s proposal, and compared to literature ones. Improved-software results confirm the previous results
obtained. A compilation and extension, both in mathematical methods and new results in 3D Graphical and Interior Optimization from the Proceedings
presentation is shown and proven. Additionally, a number of previous publications results in this field are included. Applications in Electronics Physics
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Introduction and Objectives

The Fundamental Concepts

The determination of critical temperature (TC) in superconductors
Type I and Type 1I is crucial for engineering, physics, and
industrial applications. Along a series of articles and a book, 3D
Interior Optimization mathematical methods were developed
for modelling the classical-exponential BCS equation for Type I
(TC) determination. Based on this model idea, a Molecular Effect
Model (MEM) for Type II High Temperature Superconductors
was primarily built up. For all of those mathematical models, 3D
Interior and Graphical Optimization methods were applied. Results
comprise a database of BCS and MEM (TC) values for Type [ and
Type II superconductors. Engineering and Physics applications
are briefed. The challenges for future SC research are shown in
Table 1, [Casesnoves, 2021, author’s proposal]. Some views in
this field from electronics scientific community are explained
in Table 2, [1]. The article has two main strands. Namely, the
extended/complemented review of the conference presentation,
set in simplified concepts, and the MEM new computational 3D
modelling with 3D IO and 3D Graphical Optimization.

Table 1: Overview of possible future applications for SC
and HTSC applications in transmission lines substitution/

improvements

FUTURE CHALLENGES
[ Author’'s Proposal ]

SUPERCONDUCTORS POWER-ENGINEERING

___Overview Type
Copper and classical
line transmissions

Advance
Substitution of
classical
transmission lines
(TL) with savings of
common metal

Limitation
Length of TL
And materials/energy
cost for cooling
superconductors

Additional |
The Type ITHTSC
might overcome
some problems

conduction space

conditions, etc

materials
Classical line Increase of savings | According to ground, Cost of staff,
transmissions in space and land, urban designers, additional
substitution underground surroundings, safety power-plant

engineering changes
derived of the new
system

High-Voltage
Transmission Lines

Energy efficiency and
loss savings

Theoretical projects
advances

Theoretically
extremely high
savings and
efficiency

Many, as High-
Voltage TL are much
longer and transmit
high-power energy
Limited by
construction costs,
cooling devices,
underground
construction, etc

The more progress in
new SC and HTSC
materials, the better

possibilities

The more progress in
new SC and HTSC
materials, the better
efficacy in savings

Intense magnetic
Field generated

How can be taken
advantage of this
magnetic field?

Explore this
engineering energy
approach possibility

pe

The magnetic field

generated by SC is
intense

Electronics devices
and Microelectronics

Faster new
microprocessors

Temperature
constraints

That is an open field
for upcoming
computers
_generations
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Table 2: Some future strategic research lines according [Basic research needs for superconductivity] criteria [1]. Note: that
is an overview and brief resume with data of a prestigious institution among others

SUPERCONDUCTORS POWER-ENGINEERING AND ELECTRONICS SOME
FUTURE STRATEGIC RESEARCH LINES

PRIORITY
[ Directly From 49, Sarrao,
J ; Nault, R. (2006)]

REASONS AND OBJECTIVES

Identifying simplified
criteria for screening
materials and
implementing them into
Computational Algorithms

Elaboration of screens for new-potential superconductors will enable this
search, because it will allow identification of the most likely materials with
faster/slower conductivity. Then, substitution of classical SC with more
reliable and operational ones.

Integrating Synthesis and
Surface-Sensitive
Characterization
Techniques

There are new laboratory technigues to be used for these objectives, such
as molecular beam epitaxy (MBE), applicable for films of various complex
oxides.

Computational Libraries of
Potential Superconductors

Efficacious and efficient techniques/methods for creating materials
libraries that which could be used for new properties.

Developing Reliable and
Fast Methods to Determine
the Surface Structure

This is an important point as it saves laboratory time for characterization
of potential new superconductors, and therefore increases probabilities of
advances.

Enabling materials for
superconductor utilization

Materials apparently unable to show superconducting properties could get
that characteristics by using modifications.

Low-temperature

Insulators are essential to reach optimal critical temperatures. That

Insulators
Magnets and Dielectrics

involves both mechanical improvements and thermal properties research.
More efficacious and efficient transformers for more optimal magnetic
fields and capacitors.

For example, MOSFETs, capacitors, inductors with better cryogenic
properties given by new materials.

Control Systems

Maximize Refrigeration
Efficiency

That is a field of convergence for several branches, namely, Chemistry,
Mechanics, Thermodynamics and Thermo-Physics.

First Part: Brief of Review

The Basic Concepts

Previously, it was presented a condensed talk about a series of superconductors modelling contributions [2]. In short, the research
in this field commenced with mathematical modelling of Isotope Effect, and continued with the creation of Molecular Effect Model
(MEM), inspired in Isotope Effect ideas, but mathematically-modelling very different.

As it was explained at Conference presentation, this section is developed in as much as possible plain technical language, to be got
easily. The most essential concepts in superconductors theory are simplified, as the IE and MEM principal ideas. Interior Optimization
definition-concept reads,

Definition I: Interior-Graphical Optimization Method, [Casesnoves, 2018] is a type of Nonlinear Optimization that combines separation
of variables method with stages of Graphical Optimization [Casesnoves, 2016], [Interior Graphical-Optimization Methods were
created by Francisco Casesnoves on 3™ November 2018, while he was preparing his Doctoral Thesis defence. First implementation
of algorithms and computational-verification of simulations were carried out in the morning of April 1%, 2020].

Figure 1 shows the very basic electrical current equation. Today, the resistance R can be considered a function of several variables.
In superconducting materials it is function of an essential physical parameter: the temperature. A superconductor can be defined as
any material type whose electrical resistance is approximately null under specific thermodynamic and electromagnetic conditions [3].

The superconductor material shows the physical-thermodynamical property of reducing the electrical resistivity (p), towards a zero
magnitude order, however this is got approximately. The physics background reasons that cause the transition from common resistivity
to superconducting low- resistivity when surpassing the critical temperature are mostly based on complex models in Quantum
Mechanics and Molecular Chemistry, Tables 1-2 [1,3].

The usage of superconductors technology and future applications constitutes an open field in research with possible unpredictable
achievements/purposes. A few current usages are: supercomputer laboratories whose power electrical demand is very high, medical
devices that require to set high magnitude order magnetic fields (for example, Magnetic Resonance or Computarized Tomography),
and Levitation Transport [1,3].
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The Critical Temperature characterization in a superconducting
material is essential for a unlimited number of reasons. Namely,
optimal operation of the superconducting device, no matter what
is its type, the energy precision calculations for superconducting
manufacturing devices, their functioning safety requirements,
the research of new superconducting materials starting from the
recent achievements, the exact determination of diamagnetism and
magnetic field interactions, and others. Therefore, the mathematical
modelling of TC is essential for prediction of physical properties
of any SC or HTSC material. The interaction with magnetic fields
constitute other fundamental aspect of SC and HTSC.

R =R (T,other var iables );

Figure 1: The fundamental electrical current equation. However,
the resistance R can be considered a function of several variables.
In superconducting materials it is function of an essential physical
parameter: the critical temperature TC
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Figure 2: Resistivity as a function of temperature generalized for
a Type I superconductor
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Figure 3: Very simple sketch showing the magnetic field created
by a superconductor current or common electrical current

Interior Optimization (I0) Method Concrete Concepts

In the following, Figure 4, and Algorithms 1-2 show the basic
concept of Interior Optimization. The method consists in carry
out a multiple-optional optimization in a series of 3D charts, by
selecting orderly the chosen magnitude values or constant figures

at every step.
Ma T = K

Figure 4: Fundamental Equation of Isotope Effect (IE)

minimize
f(%)=F (fi(xq), Fo(x2), - (XN))
subject to,
a; <X <b,
a, <x,<b,

ay <Xy <by;

where,

f (x) : Function of several functions with several variables. X is a vector whose components are
several (N) functions variables. For simplification, it is chosen that every function f (x) is
function of exclusively one variable x; .

X : Every variable of function f (x)

N : Number of components of vector X, which is the number of variables.

a . Every [ i ] minimum value of the N constraints.

by : Every [ i ] maximum value of the N constraints

Algorithm 1: Basic Algorithm of a function of several variables
for computational implementation

The classical-simple Critical Temperature Equation for superconductors reads,

M T -K=0;
fori=1....n;

(5)
where,

K : Constant parameter. Range specific for every element.

M, : Atomic Mass (AMU) of any element isotope if (n) isotopes.

a : Constant parameter. Range specific for every element.

Tc : Critical temperature (K (usually), or C for High-Temperature Superconductors). Range
specific for every element.

i : Corresponding isotope for every element.

Algorithm 2: Simplification of Inverse Method Optimization for
IE with constraints

First BCS 10 Model Results (I) Example

The 10 model for Isotope Effect is shown for the classical SC
Hg. Figures 5-9 presents the graphical stages and the numerical
corresponding results and Algorithm 3 details the formula
implemented. Figures 5, 6 show the first and the second stages.
BCS isotope effect model: this simple Hg model works for type I
superconductors. Namely, Hg (Type I) example in two 3D stages:
1) K and M* TC; 2) M AND o.
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Figure 5: The fundamental first stage for Hg. At X-Y plane, Mass
x (exp (alpha) ), and K . At Z the objective function. Algorithm 3
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Figure 6: The second stage for Hg. At X-Y plane, Alpha, and
Atomic Mass. At Z the objective function. Algorithm 3

minimize
M Te K|,
fori=1...n
subject to ,
as<M <a,;
b<T. <b,;
c<K,; <¢Cy;
d<a<d;

(6)
where

K : Constant parameter. Range specific for every element.
a : Constant parameter. Range specific for every element.
|*|1: Chebyshev L1 Norm. (at algorithm power 1).

a.a1 : Constraint range specified at Table 1.

b, b1 : Constraint range specified at Table 1.

c, ¢1 : K optimization parameter range for program.

d.d1 : a constant range for program.

Algorithm 3: Inverse Method Optimization for IE with constraints

First BCS Model 10 Results (IT)
The results for the 10 optimization are shown, Figures 7-9. Figures

7, 9 detail the numerical precision reached. In other words, BCS
Isotope Effect model works in this simple model for Type I
superconductors Hg example in two 3D stages: 1) K and Ma
TC; 2) M and a.

NUMERICAL INTERIOR OPTIMIZATION RESULTS I

Hg ISOTOPE TYPE (BY OPTIMAL FIXED Tc
ATOMIC MASS) :
ALPHA (Kelvin)
200.7 (NATURAL) 0.1455 4.154
199.9 0.1455 4.154
202.0 0.1455 4.154
203.2 0.1455 4.154

Figure 7: In superconducting materials Type I, Hg numerical
results at first and second stages

PR LB s 190

Figure 8: The first and second stage for Hg. At X-Y plane, Alpha,
and Atomic Mass. At Z the objective function, Algorithm 3

First stage Interior Optimization Results

The first stage of Hg 1O results are shown in Figures 7, 8, 9.
Figure 7 shows optimal values for every isotope, alpha and TC.
Figure 8 shows the two subsequent phases. Figure 9 presents the
optimal numerical figures for K and the residuals. Results match
the literature published datasets.

Hg ISOTOPE TYPE K OBJECTIVE

(BY ATOMIC MASS) OPTIMAL FUNCTION

RESIDUAL

(Chebyshev

Optimization
Norm)
200.7 (NATURAL) 57.06 0.5891
199.9 57.06 0.5891
202.0 57.06 0.5891
203.2 57.06 0.5891

Figure 9: In superconducting materials Type I, Hg numerical
results at first and second stages

Dual-IO BCS Model Results Example (Pt and Sn)

After the 10 applied for one classical superconductor, Hg, a Dual
optimization was performed for two elements whose atomic
masses (UAM) are similar. Namely, Pt and Sn. The stages were
three, Figures 10-13. The parameters optimized at every stage are
detailed in Figure 11. The distribution of parameters for every stage
are set at X and Y axes in Figures 10, 12, 13. Residuals are low.
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3D INTERIOR OPTIMIZATION FIRST STAGE FOR DUAL Pt Sn
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Figure 10: The first stage for Pt and Sn Dual Optimization. At
X-Y plane, E (K) and Mass x Exp (Alpha) x TC. At Z the objective
function, Algorithm 3

DUAL NUMERICAL INTERIOR OPTIMIZATION RESULTS V
Pt _AND Sn
STAGE OF OPTIMIZATION OPTIMAL OBJECTIVE FUNCTION
RESULTS RESIDUAL (Chebyshev
FOR Optimization Norm)
PARAMETERS
FIRST STAGE K=0.1317 0.008302
M= T =0.1388
SECOND STAGE Te =0.0005909 2.48e-6
M® =69.31
THIRD STAGE Alpha=0.7 0.1076
Me [ 175.0,200.0]
(UAM)

Figure 11: The Stages Numerical Results for Pt and Sn Dual
Optimization

3D INTERIOR DUAL OPTIMIZATION SECOND STAGE FOR Pt AND Sn

OBJECTIVE FUNCTION CHEVYSHEV. E FIXED. Z
o
7

MASS EXP(ALPHA)(2.8 T0 89.3), Y 00

Tc (0.0001 TO 0.0018), X

Figure 12: The second stage for Pt and Sn Dual Optimization.
At X-Y plane, Mass x Exp (Alpha), and TC. At Z the objective
function, Algorithm 3

INTERIOR DUAL OPTIMIZATION FOR Pt AND Sn THIRD STAGE
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Figure 13: The third stage for Pt and Sn Dual Optimization. At
X-Y plane, Atomic Mass, and (Alpha). At Z the objective function,
Algorithm 3

Multiobjective-IO BCS Model Results Example (Mo + Ti + Zn)
The following publication as detailed in Proceedings was a
Multiobjective one. Namely, (Mo + Ti + Zn). Figures 14-18 show
the 10 stages, numerical results, and method brief.

30 MULTIPLE INTERIOR OPTIMIZATION FIRST STAGE FOR Mo Zr Ti

OBJECTVE FUNCTION CHEVYSHEV. 2

MASS EXPALPMAITC (0.1 TO I X EQUTOMDLY

Figure 14: The first stage for (Mo + Ti + Zn) Multiobjective
Optimization. At X-Y plane, E (K) and Mass x Exp (Alpha) x
TC. At Z the objective function, Algorithm 3

3D INTERIOR MULTIOBJECTIVE OPTIMIZATION SECOND STAGE FOR Mo Zr Ti

EFIXED. 2

GO = b

OBECTIVE FUNCTION C

2 01 Te1 7003 X
MASS EXPIALPHAX1 0 TO 63888, ¥

Figure 15: The second stage for (Mo + Ti + Zn) Multiobjective
Optimization. At X-Y plane, Mass x Exp (Alpha), and TC. At Z
the objective function, Algorithm 3

INTERICR MULTIOBJECTIVE OPTIMIZATION FOR Mo Zr Ti THIRD STAGE
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Figure 16: The third stage for (Mo + Ti + Zn) Multiobjective
Optimization. At X-Y plane, Atomic Mass, and (Alpha). At Z the
objective function, Algorithm 3
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NUMERICAL INTERIOR MULTIOBJECTIVE OPTIMIZATION
RESULTS IIT
Mo ZnTi
STAGE OF OPTIMAL OBJECTIVE
OPTIMIZATION RESULTS FUNCTION
FOR PARAMETERS RESIDUAL
FIRST E,=0.1317 / RES, = 0.003802
STAGE E,=0.1212 RES, = 0.002251
[Me T], =0.1497
[M= T], =0.1173
SECOND Te =0.399K 0.003893
STAGE Me =5.971
[For E,=0.1317]
THIRD Alpha=0.4 0.3751
STAGE | Me[41.0,102.0]
(UAM)

Figure 17: Numerical results for (Mo + Ti + Zn) Multiobjective
Optimization

NUMERICAL INTERIOR
MULTIOBJECTIVE OPTIMIZATION RESULTS IV
Mo Zn Ti
STAGE PARAMETER OPTIMAL
FIXED PARAMETER
DETERMINED
FIRST E TENTATIVE Eork
STAGE
SECOND E FIXED Tc
STAGE
THIRD Tc ALPHA
STAGE E

Figure 18: Brief of Stages Interior Optimization method for (Mo
+ Ti + Zn) Multiobjective Optimization

Molecular Effect IO Model Results Example (I) (Thallium
Compounds, Type II, High Temperature Superconductors,
HTSC)

The MEM results for Thallium compounds Type II superconductors
[T1-Sn-Pb-Ba-Si-Mn-Mg-Cu-O] are shown in Figures 19-21.

CRITICAL TEMPERATURE MODEL 4-DEGAEES
g% o ¥ & 8 8 8

“= st =
TCEPERMENTAL [1.80)C e 200 o
i 200 =
20 2000 MOLECULAR MASS FOR[ T 50Pb-8a-5+ M Mg

Figure 19: 3-Degree polynomial MEM 3D graph showing model
TC prediction and 3D experimental data which are approximately

equal. The HTSC:s class for this software graphical optimization
is [T1- Sn-Pb-Ba-Si-Mn-Mg-Cu-O]. Molecular HTSC Group
Numerical example coincidence between experimental and MEM
data is marked

nsa Ye»0° |HTECaCLASS

e

Te CENTIGRADES (3.77) AND EXTRAPOLATED

Ve 2000 2200 2000 3200

3000 ) s
MOLECULAR MASS | 1.6008+09.3.1008+03,100 ]

Figure 20: 3-Degree polynomial fitting for optimization of [TI-
Sn-Pb-Ba-Si-Mn-Mg-Cu-O] MEM

NUMERICAL OPTIAIZATION DATA
[ TI-Sn-Pb-Ba-Si-\Mn-Aig-Cu-0] CLASS
[HT-SUPERCONDUCTORS, [ Tc > 0°)
MOLECULAR EFFECT HYPOTHESIS)

MOLECULAR |

FORMULATION WEIGHT (UAM) /
APPROXIMATE Tc

(CENTIGRADES)

[ T17Sn2Ba2MnCul0020 | 29531e+03 /77 |

[ T17502Ba2TiCul0020 29461e+03 / 65
TI6Sn2Ba2 TiCu9018 2.6462e+03 / 56

[~ 29263eH3733 |
TI6BadSiCu9018 2.6636e+03 /43

[ 1DBadSiCus016 | 24APer3/44 |

[ (T15502)Ba2SiCus016 232646103 /42 |

[ (TI3Pb))Ba2SiCus0l6 | 23034eH03738 |

(TI5Pb2)Ba2Si2.5Cu8 5017 2.5933e+03 /35
[ (TI5Pb2)Ba2Mg2.SCu8 5017 | 2.5839¢+03 /30
(T15Pb2)Ba2Mg2Cu9018 26195¢+03 /28
[ (BPO)BMgCul000 | 26907ex3 718
(T14Pb)Ba2MgCusO13 2.0401e+03/3

Figure 21: The fundamental experimental data implemented in
MEM for Thallium compounds Type II superconductors

Molecular Effect IO Model Results Example (II). (Hg-
CUPRATES Type 11 HTSC)

Hg-Cuprates Type Il HTSC MEM is the most accurate at present
research. artificial Intelligence Optimal MEM sector for Hg-
Cuprates HTSCs class. Generations Number is 300. Green arrow
zone, the almost exact fit, red arrow, inset, shows the approximately
acceptable fit. Hg-Cuprates MEM shows be the best at this stage.
Model fits approximately well between molecular weights interval
[500, 1400] for all values of TC. Figures 22, 24-28.
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Figure 22: Artificial Intelligence Optimal MEM sector for Hg-
Cuprates HTSCs class. Generations Number is 300. Green arrow
zone, the almost exact fit, red arrow, inset, shows the approximately
acceptable fit. Hg-Cuprates MEM shows be the best at this stage.
Model fits approximately well between molecular weights interval
[500, 1400] for all values of TC

Superconducting Multifunctional Transmission Line
(Hypothesis)

This SCMTL line has capability to transmit electrical power at a
wide range of temperatures, depending on the engineering resources
and power energy demand. The energy demands at industrial
countries and increased electrical power use has increasing
prospective use for future. Both for electrical power transmission
and electromagnetic waves TLs energy losses represent a severe
difficulty for operational/economical optimization. Minimization
of'the electrical resistance is an optimal possible method to avoid
electrical power loss transmission lines diminution. HTSCs and
standard superconductors materials could work out that hurdle.
If the engineering design/operative-functionality perform
properly. In addition, the HTSCs and superconducting materials
manufacturing/maintenance costs should be moderate.

BRIEF OF SCTML APPLICATIONS

USAGE FIELD

ENGINEERING

COMMENTS

ADVANTAGES/INCONVENIENTS

High performance computational
laboratonies’ Supercomputers

Not very long connections for
high-voltage and current de-
mand at Sup p -

Possible with technical difficulties. Very useful
for varying hugh-electrical power demand of

stallations

Medical Technology Apparatus

MRI or sumilar medical de-
wices that create hugh magnetic
fields due to very gh electri-
cal intensity

Possible with techmical difficulties. The same

Teasons than above

Trnsport based on Magnetic
Faelds levitanon tracks. [levitation
train,

Magnetic field levitaton based
on superconductor that create

very high magnetic fields

Much more difficult

Aerospatial Stations High electncal intensity and/or | Much more difficult
magnetic fields requred for

Spaual Station technology

Figure 23: Primary fundamental applications of SCMTLs. Just
remark that those are primary applications

SKETCH ESSENTIAL DESIGN-IDEA OF SCMTL

Figure 24: Basic design of a SCMTL. HTSC1, first superconductor
type, HTSC2 the second one with higher TC. Direction of TC

increase [arrow] marked with arrow. Conventional conductor at
center. This is a simple idea-design

Second Part: Mathematical And Computational Methods
The starting point requires to set the concept of Interior-Graphical
Optimization as follows,

Definition I: Interior-Graphical Optimization Method,
[Casesnoves, 2018] is a type of Nonlinear Optimization that
combines separation of variables method with stages of Graphical
Optimization [Casesnoves, 2016], [Interior Graphical-Optimization
Methods were created by Francisco Casesnoves on 3 November
2018, while he was preparing his Doctoral Thesis defence. First
implementation of algorithms and computational-verification of
simulations were carried out in the morning of April 1%, 2020].

The objective of this continuing study is to apply 3D Interior and
Graphical Optimization for modelling of Hg-Cuprates, [Hg-Ba-
Ca-Cu-O] constrained to [TC > 0° K]. The methods applied are
2D/3D Graphical Optimization and Genetic Algorithm techniques
software database from. All the software developed constitutes
improvements/applications of previous research publications, not
limited to Superconductors field [2,3,4-10].

Along the GA optimization series published, Evolutionary
Algorithms have proven be accurate and practical, with many
programming options [48,50]. Given any HTSCs class, if
differences of molecular weight as a result of proportion/isotopic-
variation in the molecule occur, the MEM, may constitute an
hypothesis to approximate/predict the TC magnitude changes may
be useful/efficacious, Figures 22-28. MEM was initially conceived
related on the basis of classical largely proven Isotope Effect.
Inverse Methods, could also be applied to select a desired TC with
optimal molecular weight composition in MEM [2,3,4-10]. The
innovations of this second part-following research are given by
the software for 3D 10-Graphical Optimization methods. As was
presented in, the advance consists in setting at Z axis the absolute
difference between MEM TC and experimental TC [2,3]. The
software method applied in this study is set with 3D IO-Graphical
Optimization Imaging Processing programming. Results involve,
Figures 25-28, improved MEM for Hg-Cuprates, both in 3D and
polynomial 3, 5 degrees fittings. In other words, further more
precise TC 2D polynomial and 3D imaging-processing predictive
equations, Figures 27,28.

The objective is to continue the improvements for MEM in
search for refinements and precision. Applications in Electronics
Physics new materials are explained in Tables 1,2. At Table 3, the
software programming setting data implemented for algorithms
1,2,3 (modified). For these equations the programming patterns
are made based on [4-6,2,3]. The Tikhonov Functional is
implemented/improved with Chebyshev L1 norm from previous
research [2-3]. As in the difference with previous publications is
the setting of MEM algorithm objective function at Z axis [abs
(TC Experimental- TC MEM)), Figures 25-28 [3].

For these Hg-Cuprates, first stage method, Figures 27-28,
comprises the polynomial fitting to obtain approximations for
imaging-processing programming constraints. Second stage is
direct application of these polynomial equations to get 3D Interior
and Graphical Optimization charts. The refinements and decrease
of errors compared to Figure 22 to obtain the MEM improved
optimal model sectors are got.

J Eng App Sci Technol, 2024
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NUMERICAL OPTIMIZATION DATA FOR Hg-CUPRATES
FORMULATION MOLECULAR APPROXIMATE Tc
WEIGHT

(UAM) (Kelvin)

HgBaz2CuO4 602.7936 97
HgBazCaCu20s 738.42 126
HgBazCazCus0s 874.0432 133
HgBazCasCusO1o 1009.7 125
HgBazCasCusO12 1145.3 110
HgBa:CasCueO14 1280.9 97
HgBaz:CasCu701s 1416.54 88

Table 3: Numerical Data for Cr and HTSC Hg-Cuprates. Note the
97 Kelvin temperature corresponds to two different compounds.
This fact gives to the 2D and 3D MEM plots a parabolic-like
analytic geometry shape. Hg-Cuprates TC is expressed in Kelvin
usually

Results

The results of the Hg-Cuprates group of HTSC are presented in
2D polynomial MEM fit and 3D Graphical Optimization graphics,
based on [ref universal]. This Type II group is the one that shows
better appropriateness with the MEM polynomial model. The
model shown on the conference has been improved in precision
both in 2D and 3D, Figures 26-28.

The computational method applied was to refine the model
equation with implementation of the residuals of the polynomial
fitting. This improved the accuracy of the error range in the
3D Graphical Optimization of the MEM Hg-Cuprates model.
Therefore, it is shown, Figures 26-28 the improved 3D Inverse
and Graphical Optimization, the prediction of TC can be guessed
along the zones where the error belongs to interval ~ [0, 5] K,
Figures 26-28 present the polynomial fitness, in 3 degrees and
in 5 degrees with accurate agreement for the polynomial model.

MOLECULAR EFFECT MODEL : INTERIOR OPTIMIZATION FOR Hg-Cuprates, OPTIMAL CRITICAL TEMPERATURE RELATED TO ATOMIC MASS
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Figure 25: The 3D improved optimization for MEM Hg-Cuprates
with an interval (red arrow) with error = [0, 5] K. Although the
error should be about a minimum of 107, it can be considered an
improvement compared to Figure 22
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Figure 26: The 3D improved optimization for MEM Hg-Cuprates
with an interval (red arrow) of low error interval for the whole
temperature range. Although the error should be lower, it can be
considered an improvement compared to Figure 22
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Figure 27: The 2D improved 3-degree polynomial MEM
optimization for Hg-Cuprates showing a parabolic quasi-shape
curve with accuracy between model (green) and experimental
data (red). Although the polynomial error is low, when passing
on to 3D MEM predictions it increases
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Figure 28: The 2D improved 5-degree polynomial MEM
optimization for Hg-Cuprates showing a parabolic quasi-shape
curve with accuracy between model (red) and experimental data
(black). Although the polynomial error is low, when passing on
to 3D MEM predictions it increases. The fitting is slightly better
than the 3-degree polynomial

Physics and Engineering Applications

Applications of SC and HTSC is an open and fruitful field for
Physics, materials Physics, Quantum Mechanics, Chemistry, and
other science branches. These can be guessed and not limited to
the topics shown in Tables 1, 2. Further applications details can be
read in series of previous publications, for instance [2,3,4,5,11].

Discussion and Conclusions

The objective of the study was double, namely, to review with
additional explanations the conference presentation, and secondly
to improve computationally-numerically the Hg- Cuprates MEM
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model. Additionally, a number of applications of Type I and
Type Il semiconductors modelling are also explained with future
investigation lines, Tables 1-2.

A number of figures have been explained in the review part, with
learning clarifications about formulas and datasets, Figures 1-24.
The part of MEM Hg-Cuprates MEM shows a better precision
in the model with a diminution of error = [0, 5] K for almost all
molecular weights.

The computational software developed had two main steps. The
first program was a polynomial fitting to get a tentative numerical
boundaries for the 3D 10 and Graphical Optimization imaging-
processing software. However, next research objective should get
results with errors about 10" as minimum.

In summary, an extended resume of a conference paper was
presented firstly. Secondly, a MEM model computational
implementation for Hg-Cuprates was demonstrated with 3D and
2D 10 and Graphical Optimization imaging-series. Applications
of semiconductors modelling are also explained with future
investigation lines, Tables 1-2.

Scientific Ethics Standards

Important remarks: images and table-data reminders from previous
contributions are intended for explicit improved understanding.
This study contains improved programming, [Casesnoves, May 7,
2024], and engineered software that was developed for numerical
Hg-Cuprates imaging-processing database, Second Part. Formulas
applied/included are from previous publications. Graphical
Optimization Methods were created by Dr Francisco Casesnoves
in 3" November 2016, and Interior Optimization Methods in
2019. This article has previous papers information, whose
inclusion is essential to make the contribution understandable.
This study was carried out, and their contents are done according
to the International Scientific Community and European Union
Technology and Science Ethics.

References: ‘European Textbook on Ethics in Research’.
European Commission, Directorate-General for Research. Unit
L3. Governance and Ethics. European Research Area. Science
and Society. EUR 24452 EN. And based on ‘The European Code
of Conduct for Research Integrity’. Revised Edition. ALLEA.
2017. This research was completely done by the author, the
computational-software, calculations, images, mathematical
propositions and statements, reference citations, and text is
original for the author. When a mathematical statement, algorithm,
proposition or theorem is presented, demonstration is always
included. When a formula is presented, all parameters are detailed
or referred. If any results inconsistency is found after publication,
it is clarified in subsequent contributions. When a citation such as
[Casesnoves, ‘year’] is set, it is exclusively to clarify intellectual
property at current times, without intention to brag. The article
is exclusively scientific, without any commercial, institutional,
academic, any religious, religious-similar, non-scientific theories,
personal opinions, political ideas, or economical influences. When
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