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ABSTRACT   

 

Following High Temperature Superconductors (HTCSs) study series, Inverse Least 

Squares (ILS) 2D Numerical/Graphical Optimization is applied on Molecular Effect 

Model (MEM). Selected HTSCs class is Thallium group of [ Tl- Sn-Pb-Ba-Si-Mn-Mg-

Cu-O ], constrained to  [TC ˂ 0°  ,  TC > 0° ]. Tetragonal Lattice and Amorphous 

compounds of this Type II Thallium HTSCs are not included at this research stage. 

Solutions with Matlab 2D Graphical Optimization techniques to validate primarily the 

MEM sinusoid-shape analytical geometry are presented. Programming-methods and 

imaging processing comparisons with GNU-Octave and Freemat software are also 

shown. Results comprise 2D Tikhonov Regularization algorithms with mathematical 

methods for this class. Findings obtain acceptable Numerical and 2D Graphical 

Optimization outcomes with low error-residuals. Results show two parts, the 2D 

Graphical Optimization MEM modelling, and MEM comparative imaging processing 

systems with examples and analysis of several numerical equations and predictions. 

Applications of MEM for the overview of the Multifunctional Transmission Line for 

SCs and HTSCs are included. Electronics Physics usages for Superconducting 

Multifunctional Transmission Lines, Superconductors in general, and HTSCs are 

presented. 

 

Keywords : Interior Optimization (IO) Methods, Graphical Optimization, Systems of 

Nonlinear Equations, Tikhonov Regularization (TR), Critical temperature [ Tc ], 

Inverse Least Squares (ILS), Electronics Superconductors (SC), High-Temperature 

Superconductors (HTSC), BCS Theory, [ Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O ] Molecular 

HTSC Group, Molecular Mass (MO), Molecular Effect Model (MEM),  

Superconducting Multifunctional Transmission Line (SCMTL). 
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I. RESEARCH SERIES INTRODUCTION 

 

Continuing the research series for Molecular Effect 

Modelling in HTSCs classes, [1,4-6, 42-45], 2D 

Graphical Optimization of the Thallium class  [ Tl- Sn-

Pb-Ba-Si-Mn-Mg-Cu-O ] with  [  TC ˂ 0°  ,  TC > 0° ].  

This modern Type II HTSCs materials-class, has 

Critical Temperature  TC  magnitudes both over/under 

0 ° Centigrade [1,2,4-6, 12-15, 32-34, 37, 42-45,46-48]. 

In superconducting effect, the critical magnitudes and 

their importance is described in [1, 4-6, 42-45,46-48].  

Crucial critical physical magnitudes, are 

interconnected by a number of SC theory formulation 

[ 14-16, 26-29, 32-34, 44-48 ]. Superconducting theory 

begins from a Quantum Mechanics and Matter 

Structure basis. Its fundamental parameters are 

Critical Temperature, TC , Critical Current, J, and 

Critical Magnetic Field. MEM, at this stage, is related 

exclusively to TC  and Molecular Mass (MO) variables 

[1, 4-6, 42-45]. 

 

This paper deals with the extension of numerical data 

for MEM model of HTSC Thallium class in range [  TC 

˂ 0°  ,  TC > 0° ] .   MEM 2D Graphical/Numerical 

Optimization for HTSCs [ Tl-Sn-Pb-Ba-Si-Mn-Mg-

Cu-O ] class is developed/compared with Matlab, 

GNU-Octave and Freemat systems. Amorphous 

Thallium compounds and Tetragonal Lattice 

compounds experimental database are not included at 

TC  interval at this research stage. Specific GNU-

Octave and Freemat programs were designed with 

imaging processing handle-based graphics, patterns, 

loops, and imaging processing subroutines.  

 

Results comprise an imaging series with these three 

systems, comparisons among them, and numerical 

analysis/review of ILS MEM equations and TC  

predictions from [45].     

 

Grosso modo, the article shows a Matlab, GNU-Octave 

and Freemat 2D Numerical-Graphical Optimization 

research for MEM in HTSCs [ Tl- Sn-Pb-Ba-Si-Mn-

Mg-Cu-O ] class. Further, it describes numerical 

analysis and predictions of MEM for HTSCs Thallium 

group. Numerical/graphical results show low residuals. 

The different computing systems used validate clearly 

MEM curves analytic geometry got in [43,44,45]. 

 

II.  MEM MATHEMATICAL ALGORITHMS AND 

EXPERIMENTAL DATA MATLAB GNU_OCTAVE 

AND FREEMAT 

 

MEM computational method experimental database 

and programming algorithm corresponds to these 

series of Thallium HTSC approach [3,7,13,31,43,44,45]. 

It is presented in Tables 1, 2, [ 1, 4-6, 42-45, 46-48]. 

Here for GNU-Octave and Freemat the software is 

changed/modified specifically. Optimization 

algorithm is constructed with Tikhonov 

Regularization Theory [7,13,31,42,43,44,45] . Table 1 

describes numerical experimental data for MEM [4-6, 

12-15, 32-34, 37, 42-45] for Tc  > 0° Celsius Table 2 

shows Numerical Experimental Data for MEM [4-6, 

12-15, 32-34, 37, 42-45] for Tc  ˂ 0° Celsius. Equation 

(2) indicates the research series algorithm. 

 

Table 1.- Development data exclusively for [ TC  > 0° ] 

optimization of parameters in 2D 

Graphical/Numerical-Algorithms MEM for HTSCs 

Thallium group. This experimental database was 

implemented in previous research with different 

critical temperature range [43-45]. 
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Table 2.- Development data exclusively optimization  

for [ TC  ˂ 0° ] of parameters in 2D 

Graphical/Numerical-Algorithms MEM for HTSCs 

Thallium group. This experimental database was 

implemented in previous research with different 

critical temperature range [43-45]. 

 
Basic MEM formulas/algorithms from [1,4-6, 12-15, 

32-34, 37, 42, 43, 44,45] are implemented in Matlab, 

GNU-Octave, and Freemat for this study. Equation (1) 

describes Inverse Tikhonov functional method like [42, 

43, 44, 45]. The ILS Inverse Tikhonov algorithm MEM, 

with a polynomial p(MO) reads, 

 

(1) 

 

where, as developed in [1, 4-6, 42, 43, 44,45], MO is 

HTSC molecular mass of the HTSC selected (i) within 

a HTSC group with (i) elements and [a-b] are 

numerical constraints interval vectors. TCi is every 

critical temperature (Centigrade for MEM Thallium 

HTSCs class) for each (i) member of HTSCs class. The 

parameter α1 is a specific constant for Inverse 

Tikhonov Regularization. Constraints, related to TC 

and MO values from experimental data, are vector 

interval [a-b]. 

 

III. RESULTS 

 

2D MEM Graphical implementation with   [TC ˂ 0°  , 

TC > 0° ] is shown in Figures 1,2,3. 2D fitting results get 

numerical/graphical solutions with acceptable 

residuals and confirmed steady sinusoid-shape of 

MEM in all Thallium class [43-45]. Comparative 

imaging processing in GNU-Octave and Freemat is 

presented in Figures 4,5. All images agree sharply to 

this HTSCs class that could have TC magnitudes higher 

and lower than 0 ° Centigrade. Time consuming for 
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running program is about 5-10 seconds, depending on 

graphics subroutine/commands options and matrices 

size. GNU-Octave time is about 2-4 seconds longer, 

and Freemat 5-7 seconds much longer. Freemat 

handle-based graphics are different. Finally, a review 

with numerical analysis of examples from [45] is 

commented. 

 

2D GRAPHICAL OPTIMIZATION RESULTS   

[TC ˂ 0°  , TC > 0° ] 

 

In the following, series of images for Thallium class 

with [TC ˂ 0°  , TC > 0° ] numerical data implemented 

[43-45].  

 

 
 

Fig. 1.- Matlab imaging processing with 3-Degree ILS 

MEM polynomial optimization for [ Tl-Sn-Pb-Ba-Si-

Mn-Mg-Cu-O ] HTSCs Thallium class, [TC ˂ 0°  , TC > 

0° ] . Modelled curve (green) and experimental data 

(red). MEM results to confirm a sinusoid-like curve, 

just like in [43-45], approximately. Since this HTSCs 

class numerical data has a number of compounds with 

[ TC ˂ 0° ] , MEM verifies that analytical geometry. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.- Matlab imaging processing with 4-Degree ILS 

MEM polynomial optimization for [ Tl-Sn-Pb-Ba-Si-

Mn-Mg-Cu-O ] HTSCs Thallium class, [TC ˂ 0°  , TC > 

0° ] . Modelled curve (green) and experimental data 

(red). MEM results to confirm a sinusoid-like curve, 

like in [43-45], approximately. Since this HTSCs class 

numerical data has a number of compounds with [ TC 

˂ 0° ] , MEM verifies that analytical geometry. 

 

 
 

Fig. 3.- The most accurate approach although rather a 

large polynomial equation [43-45]. Matlab imaging 

processing with 5-Degree ILS MEM polynomial 

optimization for [ Tl-Sn-Pb-Ba-Si-Mn-Mg-Cu-O ] 

HTSCs Thallium class, [TC ˂ 0°  , TC > 0° ] . Modelled 

curve (green) and experimental data (red). MEM 

results to confirm a sinusoid-like curve, just like in 

[43-45], approximately. Since this HTSCs class 

numerical data has a number of compounds with [ TC 

˂ 0° ], MEM verifies that analytical geometry. 
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2D GNU-OCTAVE AND FREEMAT GRAPHICAL 

OPTIMIZATION CONTRAST   

[TC ˂ 0°  , TC  >  0° ] 

 

GNU-Octave and Freemat imaging processing sotware 

corroborate the MEM sinusoid-like shape for extended 

Tc range, as it was shown in [43,44,45] with [TC ˂ 0°  , 

TC > 0° ] . Programming this images with GNU-Octave 

is easier than Freemat. Freemat has rather different 

handle-based graphics commands and subroutines. 

However, image quality, Figures, 4,5, is acceptable.      

 

 
 

Fig. 4.- GNU-Octave MEM image with 4-Degree ILS 

MEM polynomial optimization for [ Tl-Sn-Pb-Ba-Si-

Mn-Mg-Cu-O ] HTSCs group. GNU-Octave MEM 

curve (black) and experimental data (blue). Imaging 

processing quality is acceptable like Matlab, but 

graphics tools are limited. MEM results of [43,44,45], 

are verified. Since this HTSCs class has a number of 

compounds with [ TC ˂ 0° ], MEM validates that trend. 

 

 
 

Fig. 5.- Freemat MEM image with 4-Degree ILS MEM 

polynomial optimization for [ Tl-Sn-Pb-Ba-Si-Mn-

Mg-Cu-O ] HTSCs group. Freemat program is 

different from GNU-Octave and Matlab, specially in 

plot subroutine settings. Freemat MEM curve (black) 

and experimental data (blue). Imaging processing 

quality is acceptable like Matlab, but graphics tools are 

limited. MEM results of [43,44,45], are verified. Since 

this HTSCs class has a number of compounds with [ TC 

˂ 0° ] , MEM validates that trend. 

 

2D REVIEW OF MEM EQUATONS AND TC   

PREDICTIONS  [TC ˂ 0°  , TC > 0° ] 

 

From [44,45], a review of two numerical results with 

this MEM group is shown, Tables 3,4. At this MEM 

phase with [ TC ˂ 0°  , TC  > 0° ]  , predictions errors are 

rather high, about [ +/- 6 Centigrade ].  Residuals for 

equations calculations are acceptable [43,44,45].  

 

Table 3.- From [45], a review of Matlab software 4-

Degree ILS MEM polynomial equation Thallium 

HTSCs class [ Tl-Sn-Pb-Ba-Si-Mn-Mg-Cu-O ] HTSCs 

group subject to [ TC ˂ 0° , TC > 0° ]. 4th coefficient is 

discarded [ ≈ 10-12 ]. Residual magnitude is acceptable. 
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Table 5.- From [45], 4-Degree ILS MEM Matlab 

Numerical Predictions, [MO Molecular Mass, TC 

Experimental,  TC MEM Predicted, Error ( [ TC 

Experimental ] - [ TC Predicted ] )  ]. Error magnitude 

probably is caused by the nonlinear increase of 

Molecular Mass related to increment of TC  [43,44,45].    

 

 

IV. MULTIFUNCTIONAL TRANSMISSION LINE 

OVERVIEW [CASESNOVES, 2021] 

 

A Superconducting Multifunctional Transmission 

Line [44, Casesnoves invention, 2021] is an electrical 

power line formed by a multiple superconductors 

stratums. This line has capability to transmit electrical 

power at a wide range of temperatures, depending on 

the engineering resources and power energy demand.   

Nowadays, the energy demands and increased 

consumption has increased in recent decades [7]. This 

implies that the electrical power transmission losses 

constitute an industrial trouble both operational and 

economical. A possible method to sort out these 

difficulties could be the power loss transmission lines 

reduction by means of minimizing the electrical 

resistance. Superconductors materials would 

constitute a partial solution provided the engineering 

design/functionality could work properly and the sc-

materials manufacturing/maintenance costs were 

moderate [43,44,45].  

 

Sketch 1 shows the basic structure of a SCMTL [44, 46-

48]. Its cylinder-shaped structure has several encircled 

layers of conducting and HTSCs materials. It could be 

designed as a coaxial line also. The innermost layer is 

formed by a conventional conductor. This could be 

used in a standard option power transmission if 

circumstances require that. The optional sc-materials 

distribution is as follows: from inner to outwards, 

stratums series  of separated superconducting circular 

layers/covers are superposed. If necessary, cooling 

layers stratums are set among/between any subsequent 

types of superconductors or HTSCs. From inner to 

outwards, Sketch 1, the specific magnitude of TC is 

increasing. Therefore, the most external HTSC layer 

has the maximum TC  magnitude. Depending on power 

engineering demands optimization, one or several 

superconducting layers can be used simultaneously for 

power transmission. Other option is the usage of the 

conventional inner conductor exclusively if physical-

thermodynamical and/or environmental energy 

constraints compel that choice. Magnetic fields 

created by the superconductors and/or HTSCs layers 

while power conducting could be synergic also and 

increase the efficiency by modifying better the TC 

magnitude. 

 

SCMTLs advantages could be a significant optimized 

save of electrical power with demands adaptation 
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operational facilities [43,44,45]. Inconvenients are the 

higher manufacturing costs, more difficult/expensive 

repairs and maintenance, and cooling energy 

magnitude required.   

 

 
 

Sketch 1.- Essential design of a SCMTL. HTSC1 , first 

superconductor type, HTSC2 the second one with 

higher TC . Direction of  TC increase marked with 

arrow. Conventional conductor at center [45]. This is 

a simple idea-design. 

 

V. DISCUSSION AND CONCLUSIONS 

 

The  research objectives were to get a Matlab 2D 

Graphical/Numerical Optimization MEM for [ Tl-Sn-

Pb-Ba-Si-Mn-Mg-Cu-O ] HTSCs Thallium class with 

[  TC ˂ 0°  ,  TC > 0° ]  centigrades TC  interval. 

Additionally, to compare the imaging processing 

software with GNU-Octave and Freemat systems. 

Finally, a numerical analysis and review of equations 

and TC predictions was intended/shown [43,44,45].   

All the software series of 2D graphs were designed to 

demonstrate the increasing correctness of the MEM 

fitness provided at  [  TC ˂ 0°  ,  TC > 0° ]  Centigrade. 

The 2D Graphical and Numerical Optimization, 

Figures, 1,2,3, validate the analytic geometry MEM 

obtained in previous studies [43,44,45]. Programs done 

with imaging processing GNU-Octave and Freemat, 

Figures 4,5, validate the Matlab results of Figures 1,2,3. 

Imaging quality of GNU-Octave and Freemat is 

acceptable, but running times are longer than Matlab 

and imaging processing tools options are more 

minimal. 

The SCMTL design was described with 

complementary primary Sketch 1. SCMTL operational 

functionality was explained with advantages and 

inconvenients rationalisations. 

The numerical analysis and review of equations and 

predictions from [45] show errors of  TC about [ +/- 6 ]  

Centigrades, rather high at this MEM design. However, 

the fitting residuals are considered acceptable. 

Probable reasons are the nonlinear distribution of TC 

related to molecular masses, and the short number of 

numerical database for the ILS 2D Numerical and 

Graphical Optimization.  

In brief, Matlab imaging processing software for 2D 

Graphical and Numerical and Graphical Optimization 

for Thallium HTSCs [ Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O ] 

class were studied along range  [  TC ˂ 0°  ,  TC > 0° ]  

centigrade. Superconducting Multifunctional 

Transmission Line primary design was explained. 

Applications in Electronics Physics emerge from the 

2D Numerical/Graphical analysis and software 

comparative results. 

 

VI. SCIENTIFIC ETHICS STANDARDS 

 

 

IMPORTANT NOTE: In previous publication with 

Matlab, [43], a printing mistake in polynomial 

constant is the default of negative sign. The correct 

value is [ -8.2906e+03 ] , and NOT like in [43],  

[ +8.2906e+03 ]. Superconducting Multifunctional 

Transmission Line concepts and invention were 

created by Dr Casesnoves in 2021. 

Equations 1,2 are the algorithms used in HTSCs series 

study [43,44,45], and cannot be written differently. 

Matlab, GNU-Octave and Freemat software is original 

from the author in all 2D/3D and Numerical 
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Optimizations results presented. 2D/3D Graphical 

Optimization Methods were created by Dr Francisco 

Casesnoves in 3rd November 2016, and Interior 

Optimization Methods in 2019. 2D/3D/4D Graphical 

and Interior Optimization 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/3D/4D Interior Optimization method is 

original from the author (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 

[38-41]. 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, proposition or theorem is 

presented, demonstration is always included. If any 

results inconsistency is found after publication, it is 

clarified in subsequent contributions. The article is 

exclusively scientific, without 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 adequately recognized. Ideas 

and some text expressions/sentences from previous 

publications were emphasized due to a clarification 

aim [38-41]. 
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