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I. INTRODUCTION

The

presented

Interior Optimization Method (IO) was
[3-5]

superconductors model optimization. It is a separation

and demonstrated for

of variables method combined with Graphical
Optimization 3D imaging/graphs.

Interior Optimization is not designed exclusively for
finding out exclusively an specific global minimum.
Instead, for designer’s choice, the searched optimal
parameter could be a local minimum, partial-global
minimum or variants of these singular parameters
according to experimental-theoretical convenience.
Not always in Engineering and Physics is necessary to
find optimal values for a group of equations
constraints of a
10

provides with the facility to select desired optimal

conditioned to particular

laboratory/industrial/specific problem. Then,
parameters in subsequent stages ordered and set
applying the method of separation of variables.

High-Temperature Superconductors are those ones
whose Tc is approximately higher than 80 K—exactly
77 K [3-5, 12-15]. They have usually complex
molecular composition/weight and a number of
groups/varieties. HTSCs are usually Type II ones. In

BCS classical superconductors theory, the Isotope

Effect model for uni-element superconductors
equation reads,
=1 n:
(1)

where K is a constant, M Atomic Element Mass (AMU)
of an element with (n) isotopes, TC is critical
temperature (Kelvin). (i) is the corresponding isotope
for the element.

In this study, the Molecular Effect Model for HTSCs
is  hypothesized

and  numerically-graphically

presented [Casesnoves, 2020].

The Isotope Effect Model is based on the
mathematical correlation between atomic mass of
every superconductor-element isotope and the

Critical Temperature Tc. That model has proven be
acceptable with some inaccuracies [3-5, 12-15]. In
the Effect

[Casesnoves, 2020], that is mathematical-theoretically

this study, Molecular hypothesis,
presented and numerically simulated, is based on a
similar modelling mathematical-criterion. That is,
HTSCs show a number of chemical groups whose
molecular composition/formulation  diverge in
proportion of valences/elements [1-9,12-15]. From
this theoretical base, it is primarily guessed that when
deviations of molecular weigth due to
proportion/isotopic-variation in the molecule, there
may be a mathematical model to predict the TC
magnitude change for every HTSC-group element.

In summary, the improved-study shows an advanced
contribution for the Interior Nonlinear Optimization
Method previously presented in [3-5, 12-15] on
superconductors BCS theory applied on HTSCs
modelling. It is focused on ILS model-programming
software and computational 2D imaging results both
in Matlab and GNU-Octave. The scheme of the
method is proven, with proofs in applications at the
Electronics Physics Type II HTSCs field. The most
important innovation is the Molecular Effect Model

[Casesnoves, 2020].

II. MATHEMATICAL METHOD AND SOFTWARE
IMPLEMENTATION DATA

The problem approached is to try an extrapolation of
the BCS Isotope Effect to HTSCs similar modelling. As
it was previously explained, [3-5, 12-15] for scientific
clarity, inclusion of the algorithm development is in
this section. The Type II group of HTSCs modelled is
Sn-Sb-Te-Ba-Mn-Cu-O group whose Tc values are
over 0° centigrade. Table 1 shows the chemical-

physical data for computational ILS optimization.
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NUMERICAL OPTIMIZATION DATA FOR Sn-Sb-Te-Ba-
Mn-Cu-O GROUP [HT-SUPERCONDUCTOR, MOLECULAR
EFFECT HYPOTHESIS]
FORMULATION MOLECULAR WEIGHT
(UAM)/
APPROXIMATE Tc
(Kelvin)
Sn10SbTe9Ba2MnCu21042+ 4.7940e+003 /+187 C
Sn9SbTe8Ba2MnCul19038+ 4.3565e+003 / +187 C
SngSbTe7Ba2MnCu17034+ 3.9190e+003 / +167 C
Sn75bTe6Ba2MnCul5030+ 3.4816e+003 / +155 C
Sn10SbTe4Ba2MnCu16032+ 3.6778e+003 / +141 C
Sn9SbTe4Ba2MnCul5030+ 3.4635e+003 / +136 C
Sn8SbTe4Ba2MnCu14028+ 3.2493e+003 /+129 C
Sn9SbTe3Ba2MnCu14028+ 3.2403e+003 / +121 C

Table 1. The

parameters  for

development of optimization of
Sn-Sb-Te-Ba-Mn-Cu-O  group
implemented in this study [12-15].

For this Molecular Model, the constraints values for
parameters are shown in Tables 1-3. The algorithms
set for ILS Molecular Effect, with a polynomial
p( MO ) reads,

minimize Tikhonov functional J{a),
withol=0 andL, Norm

Jy (U)o =[ A U=PMO)[, +[eeT] Ju);
Hence minimize
| Te —pMOE

fori=1...n
subject to |
a=Mo =a,;

2)

where MO is the molecular weight of the HTSC
selected (i) within a HTSC group with (i) elements

and [a-b] are constraints intervals. Tci is critical
temperature (Kelvin) for every (i) member of HTSCs
group. The figure al is a constant specific Tikhonov
Regularization Parameter. The constraints [a-b] are
applied for optimization. OF was selected with ILS
programming in Matlab without algorithmic-
linearization, and variations depending on program
results accuracy, Figures 1-2. Algorithm programming
with imaging-processing results are shown in Figure 2.
To check complementarily the numerical results,
both Fortran and F# subroutines in optimization were
used. While Fortran proved to match the Graphical
Optimization results, F# showed restrictions and,
obviously, limits that discarded this type of language
for accurate results in nonlinear optimization. These
numerical data, although significant for verification,

were not included in publication.

III. MOLECULAR EFFECT ILS OPTIMIZATION
RESULTS

The numerical results with acceptable residuals are
shown in Tables 2-3 (Appendix). The Molecular
Model formula is a parabolic-shaped curve when
taking a polynomial ILS method of 4 degrees, Matlab
Figure 1, GNU-Octave Figure 3. If the model is
linearized, the results is presented in Figure 2.

Residuals can be considered acceptable at both
obtained. The

designing program is about 5-10 seconds, depending

equations time consuming for
on graphics options. In engineering practice, this
simulation is a significant advantage that gives many
options for fast on-site HTSCs superconductivity Tc

approximate-predictions.
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Fig. 1.- First 4-degree ILS polynomial optimization of
Molecular Effect Model for Sn-Sb-Te-Ba-Mn-Cu-O
HTSCs group. Extrapolated modelled curve (red) and
experimental data (blue). The model is a parabolic
equation, approximately. The numerical results with
shown in Tables 2-3

acceptable residuals are

(Appendix).
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Fig. 2.- A simple linear model ILS polynomial
optimization of Molecular Effect Model for Sn-Sb-Te-
Ba-Mn-Cu-O HTSCs group. Extrapolated modelled
curve (red) and experimental data (blue). The
simplification of model is a linear equation with slope
(gradient) of low value. The numerical results with
shown in Tables 2-3

acceptable residuals are

(Appendix).

GNU-OCTAVE IL§ 4 DEGREE POLYNOMIAL MOLECULAR EFFECT MODEL

aan a0 son0
MOLECULAR MASE [Sn-So-Te-Ba-Mn-Cu-O [2.24028+03,4.78406-+02]

Fig. 3.- GNU-Octave First 4-degree ILS polynomial
optimization of Molecular Effect Model for Sn-Sb-Te-
Ba-Mn-Cu-O HTSCs group.

curve (red) and experimental data (blue). The model

Extrapolated modelled

gives also a parabolic equation, approximately. The
imaging processing program is similar to Matlab one
with acceptable results. Specific changes for GNU-

Octave patterns and subroutines were compulsory.

IV. DISCUSSION AND CONCLUSIONS

The objective of this research was to prove/show the
results for Molecular Effect Model in HTSCs group
Sn-Sb-Te-Ba-Mn-Cu-O . For this HTSCs group, a ILS
hypothesis of Molecular Effect was approached and
numerically analyzed. The rationale of this Molecular
Effect sets on the base of the molecules similar atomic
weights (isotopes variation in molecular composition
and/or molecular approximate
proportion/composition for any constituent element)

for this HTSC group [1-9].

Results can be classified into numerical and 2D
HTSC group
Molecular Effect Algorithms [Casesnoves, 2020], can

graphical. Numerical results for
be considered acceptable with low residuals. The
approximations with 4 and 1 degree ILS polynomial

methods rulings are useful for Tc predictions.

2D Graphical Optimization results both in Matlab and
GNU-octave are considered acceptable. Software
improvements with specific subroutines and patters
for each system showed clear/acceptable images.

In summary, 2D ILS Graphical Optimization methods
have verified the primary theoretical hypothesis.
Extrapolation of this Molecular Effect Model to
several groups of HTSC appear to be useful and
feasible in initial

approximations subject to

improvements.
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V. SCIENTIFIC ETHICS STANDARDS

2D/3D Graphical Optimization Methods were created
by Dr Francisco Casesnoves in 3rd November 2016,
Optimization Methods in 2019.
2D/3D/4D Graphical and Interior Optimization

and Interior
Methods were created by Dr Francisco Casesnoves in
2020. This article has previous papers information,
whose inclusion is essential to make the contribution
understandable. The 2D Graphical Optimization in
Matlab and GNU-Octave constitutes a software
engineering improvement from

[3-9]. The 2D/3D/4D

Optimization method is original from the author

previous
contributions Interior
(August 2020-1). This study was carried out, and their
contents are done according to the European Union
Technology and Science Ethics. Reference, ‘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 [37-40]. 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, mathe-
matical propositions and statements, reference
citations, and text is original for the author. When a
mathematical statement, proposition or theorem is
presented, demonstration is always included. The
article is scientific, without

exclusively any

commercial, institutional, academic, religious,
religious-similar, non-scientific theories, personal
opinions, political ideas, or economical influences.
When anything is taken from a source, it is ade-
Ideas

from previous

quately  recognized. and some text

expressions/sentences publications

were emphasized due to a clarification aim [37-40].

[6].
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APPENDIX

Table 2.- Numerical results for Molecular Effect Model with 4-degree polynomial and approximated equation.

S5 MOLECULAR EFFECT MODEL (4-DEGREE)

COEFFICIENT VARTABLEX | COEFFICIENT APPROE | VARIAEBIEX
SELECTED

-19. 707334972 1 385e+003 COMNSTANT -19. 707 3e+003 CONSTANT

2037826350101 16e-000 x 20.37832-000 A

-7.8355816701 0360e-XG n? -T.53%6e-003 x

1.33736190239651 -6 X 0 x

-85, 14727476581 26012 e 0 X

RESIDTFAL = 4. 2910268570056 -+KK)

APPROXIMATE POLYMNOMIAL

Te = [ -19.7073e+003 | + [20.37832-000 ] MO+ [-7.83962-003 ] MO?

Table 3.- Numerical results for Molecular Effect Model with 1-degree linear polynomial and approximated equation.

ILS MOLECULAR EFFECT LINEAR MODEL (1-DEGREE)

COEFFICIENT VARIABLE X | COEFFICIENT APPROX | VARIABLE X
SELECTED
-£.46948713440384e-000 | CONSTANT [ -8.4655] CONSTANT
42.76575101302%6e-003 | X [42.7658e-003 ] X
RESIDUAL = 4.96771361838260e+000
APPROXIMATE POLYNOMIAL
Tc = [-8.4695)+ [42.7658e-003 | MO
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