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Abstract 
Optimization-Modelling Molecular Effect methods for one HTSC group were approached/determined 
based on previous studies. Namely, Inverse Least Squares (ILS), 2D Numerical/Graphical 
Optimization in primary Molecular Effect model are presented. This contribution results deals with the 
Molecular Effect Model ILS Numerical/2D Graphical modelling for High Temperature 
Superconductors HTSCs group of [Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O] whose TC > 0° C exclusively. This 
HTSCs class, among others, constitutes a recent materials innovation in HTSCs with both TC > 0° C 
and TC ˂ 0° C material compounds. It shows important recent/prospective electronics physics 
applications. For results with these optimization/simulations, classical ILS, 2D Interior Optimization, 
and 2D Graphical Optimization techniques are applied. Numerical-Imaging solutions comprise 
Tikhonov Regularization algorithms and mathematical modelling-methods for this HTSCs group. 
Primarily, results prove a 2D sinusoidal analytic geometry model curve. Findings for this Molecular 
Effect ILS optimization show acceptable theoretical Numerical, 2D Graphical Optimization outcomes 
with low residuals. Results comprise two strands, the modelling for TC Molecular Effect, and the ILS 
software/imaging methods. HTCS Electronics Physics applications emerge from numerical and 
graphical results. 
 

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

Equations, Tikhonov Regularization (TR), Critical temperature [Tc], Inverse Least Squares (ILS), 

Electronics Superconductors, High-Temperature Superconductors (HTSC), BCS Theory, [Tl- Sn-Pb-

Ba-Si-Mn-Mg-Cu-O] Molecular HTSC Group, Molecular Mass (MO) 
 

Introduction 

Following a series of contributions in Superconductors Modelling Optimization [1, 4-6], a new 

HTSCs class is studied in this article. The subject of the research is the HTSCs group [Tl- 

Sn-Pb-Ba-Si-Mn-Mg-Cu-O] whose TC > 0° centigrades exclusively. This HTSCs class, 

among others, constitutes a recent materials innovation in HTSCs with TC ϵ [230 °K, 80 °C] 

approximately for their material compounds [3-5, 12-15, 32-34, 37]. That is a significant 

thermodynamical-materials difference compared to other HTSCs classes. 

The classical BCS theory is based on a chain of interactive physical-chemical phenomena, 

supported by a number of physical-chemical equations with extensive mathematical basis. In 

plain language, namely, [thermodynamical effect of material-cooling summed to electrical J 

→ electrons-subsequent lattice deformation with electrical-resistance decrease → phonons 

production → high acceleration of current of electrons]. However, theoretical 

superconducting background is rather complicated as it involves physics and chemistry 

matter models, quantum mechanics theory, and extensive algorithms with variations [3-5, 12-15, 

32-34, 37]. HTSCs belong to so-called Type 2 Superconductors, the most recent/innovative 

group in continuous improvements/evolution whose probably further industrial applications 

have got going be discovered. Studies on matter structure, currently try to explain the Type 2 

metallic compounds and alloys superconducting effect sorting rather difficult theoretical and 

experimental hurdles. Type 2 superconductors show different properties in superconducting 

state transition phenomena compared to Type 1 ones [3-5, 12-15, 32-34, 37]. 

Isotope Effect constitutes a primary milestone when superconducting theory began to find 

experimental confirmations. Isotope Effect algorithm upholds that differences in atomic 

mass of a chemical element determines the variable critical transition temperature of a 

superconductor. 
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In this line, Molecular Effect hypothesis is based on a 

similar criterion [Casesnoves, 2020] [1-5]. That is, provided a 

HTSCs class has a very similar nano-molecular-atomic 

structure, the variations in TC magnitude within the group 

could be linked to valences, type of isotopes and proportions 

in the material mixture. For instance, a mixture of the same 

compound with several isotopes forming the same 

molecules.  

The presented Molecular Effect model is at hypothesis stage 

[Casesnoves, 2020, 3-5], since flux-lattice vortices concepts 

and inter-related physical-chemical equations, among 

others, are not set yet if they would be necessary.  

A previous study showed primary optimization for other 

class of HTSCs with TC > 0° centigrade [1]. Generally, [1-6, 

14-16, 26-29], the classical HTSCs are those ones whose Tc is 

approximately higher than 80 K—exactly 77 K [3-5, 12-15].  

In BCS classical superconductors theory, the Isotope Effect 

model [1-6, 14-16, 26-29] for uni-element superconductors 

equation reads, 

 

 (1) 

 

Where K and α are numerical-experimental constants, M 

Atomic Element Mass (AMU) of an element with (n) 

isotopes, TC is critical temperature (usually Kelvin); (i) is 

the corresponding isotope for the element. 

In this contribution, the Molecular Effect Model 2D 

Graphical/Numerical-Algorithms model for HTSCs [Tl- Sn-

Pb-Ba-Si-Mn-Mg-Cu-O] class are presented. However, the 

selected compounds for optimization are constrained to 

those whose TC > 0°.  

The Isotope Effect Model, Equation (1), is a simple 

algorithm based on element-atomic mass of a Type 1 

superconductor-element isotope and the Critical 

Temperature Tc. That is, two main parameters [M, TC], and 

two constants [K, α] to be determined experimental-

numerically. That model has proven be acceptable with 

some inaccuracies [3-5, 12-15] along the superconducting 

investigations.  

The [Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O] chemical group whose 

molecular composition/formulation diverge in proportion of 

valences/elements [1-9, 12-15] is numerically/graphically 

optimized with ILS polynomial model [1].  

In summary, the article shows a 2D Numerical-Graphical 

optimization study for the primary hypothesis of Molecular 

Effect model set on [Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O] 

HTSCs class. Programming-algorithms are implemented 

with Matlab imaging-processing software and 2D Graphical 

model plots are also developed with this system. The 

software constitutes an evolution based on previous research 
[1, 4-6]. 2D numerical/graphical solutions show low errors and 

residuals. The model shapes results fit approximately 

sinusoid curves. 

 

Mathematical Algorithms and Computational Methods 

The numerical experimental data for setting the Molecular 

Effect model for [Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O] HTSC 

group is shown in Table 1. The differences among the 13 

group compounds are given by a number of elements. Tl, 

Ba, Cu and O, always form molecule part, instead, Sn, Mn, 

Ti, Si, Pb, and Mg, are complementary in specific 

compounds within this HTSCs class. Valences are not 

always discrete figures, and are set without subscript format 

for clarity. In this HTSCs class, exclusively those 

compounds whose TC > 0° are selected for the model 

optimization.  

 The computational method is similar to [1, 4-6], but in this 

study the software loops, patterns, and imaging processing 

tools for 2D Graphical and statistical programming were 

improved according to this HTSCs class characteristics. 

Algorithm is based on Tikhonov Regularization Theory [7, 13, 

31] and previous contributions. 

 

Numerical Experimental Data 

Table 1 presents Numerical Experimental Data for 

modelling. [3-5, 12-15, 32-34, 37]. There are differences among the 

respective compounds TC and element-compositions. 

However, the differences among the Molecular Weights are 

not significative. 

 

 
Numerical optimization data [T1-Sn-Pb-Ba-SiMn-Mg-Cu-O] CLASS [HT-Superconductors, [Tc> 0°] Molecular effect hypothesis] 

Formulation Molecular Weight (UAM) / Approximate Tc (Centigrade) 

TI7Sn2Ba2MnCu10O20 2.9531e+03 177 

TI7Sn2Ba2TiCu10O20 2.9461e+03 1 65 

T16Sn2Ba2TiCu9O18 2 6462e+03 / 56 

TI7Sn2Ba2SiCu10O20 29263e+03 / 53 

T16Ba4SiCu9O18 2.6636e+03 / 48 

T15Ba4SiCu8O16 2.4479e+03 / 44 

(TI5Sn2)Ba2SiCu8O16 23264e+03 / 42 

(T15Pb2)Ba2SiCu8O16 23034e+03 / 38 

(T15Pb2)Ba2SI2.5Cu8.5O17 25933e+03 / 35 

(T15Pb2)Ba2Mg2.5Cu8.5O17 25839e+03 / 30 

(T15Pb2)Ba2Mg2Cu9O18 16195e403 / 28 

(T15Pb2)Ba2MgCul0O20 2.6907e+03 / 18 

(T14Pb)Ba2MgCu8O13 2.0401e+03 / 3 

 

Table 1.-The development of optimization of parameters for 

[Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O] class implemented in this 

study [1, 4-6, 14-16]. Note the differences among the group 

compounds. Tl, Ba, Cu and O, always form molecule part, 

but for instance Pb, Mn, Mg, and Si are present exclusively 

in specific compounds within this HTSC class. 

 

Computational-Software Algorithms 

For this Molecular Model optimization, the algorithm with 

constraints for parameters is shown in Equation (2). 

https://www.computersciencejournals.com/ijecs
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Tikhonov functional method is applied as [1]. Therefore, 

algorithms set for ILS Molecular Effect, with a polynomial 

p(MO ) read, 

 

(2) 

 

Where MOi 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 

(Centigrades) for every (i) member of HTSCs group. The 

figure α1 is a constant specific Tikhonov Regularization 

Parameter, to be appropriately selected. The constraints [a-

b] are applied for 2D modelling optimization. This OF was 

selected with ILS programming in Matlab.  

The selected group of HTSCs constitutes a modern HTSCs 

materials whose TC > 0° centigrades, with prospective 

applications [1-6, 14-16, 26-29]. Table 1 shows a narrow TC 

differences interval, namely, approximately TC-Group ϵ 

[120, 190] centigrades.  

 

Numerical and Graphical Results 

Molecular Effect modelling results are 2D Graphical, 

Figures 1,2, and Numerical, Tables 2,3, with explicit model 

equations. Matlab Graphical results for 3-degree and 5-

degree ILS polynomial model are shown in Figures 1,2. 

Both 3 and 5-degree show a sinusoid curve-shape for model. 

Graphical errors can be considered acceptable/low. Results 

for ILS equations are detailed in Tables 2,3, with 

approximations and errors.  

 

ILS 3-Degree Graphical Optimization Model Results  

Figure 1 shows sinusoid-shaped model curve for ILS 3-

degree Molecular effect model in [Tl- Sn-Pb-Ba-Si-Mn-Mg-

Cu-O] HTSCs group. A difference in shape compared to 

parabolic model-curves obtained in previous studies with 

different HTSCs class [1, 4-6]. 

 
 

Fig 1: First attempt with 3-degree ILS polynomial optimization of Molecular Effect Model for [Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O] HTSCs 

group. Matlab Extrapolated modelled curve (red) and experimental data (green). The model results to resemble a sinusoid equation, 

approximately. Since this HTSCs class has a number of compounds with TC ˂ 0°, the model confirms that trend. 

 

ILS 5-Degree Graphical Optimization Model Results  

Figure 1 with a 5-degree ILS polynomial model validates 

sinusoid-shaped model curve for ILS 3-degree Molecular 

effect model in [Tl- Sn-Pb-Ba-Si-Mn-Mg-Cu-O] HTSCs 

group got at Figure 1. A clear difference in shape compared 

to parabolic model-curves obtained in previous studies with 

different HTSCs class [1, 4-6].  
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Fig 2: The 5-degree ILS polynomial optimization of Molecular Effect Model for this HTSCs group. It confirms the 3-degree ILS polynomial 

model analytic geometry shape. Extrapolated modelled curve (red) and experimental data (blue). The model results be almost linear at 

intermediate values and becomes sinusoid for significant absolute-values increments in TC ˂ 0° and TC > 0° [1, 12-15, 32-34, 37]. 

 

ILS Model Equations 

Tables 2,3 show 3 and 5 ILS model equations without/with 

approximations, discarding very low polynomial 

coefficients if numerically necessary. 

 
Table 2: First 3-degree ILS polynomial optimization of Molecular Effect Model Equation. Approximations were not numerically possible 

since there are not coefficients very high with negative powers. 
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Table 3: First 3-degree ILS polynomial optimization of Molecular 

Effect Model Equation. In this case, approximations were 

numerically possible since there are coefficients very high with 

negative powers. 
 

 
 

Discussion and Conclusions 

The objective of this study was to get a graphical/numerical 

model for Molecular Effect Model in [Tl- Sn-Pb-Ba-Si-Mn-

Mg-Cu-O] HTSCs class subject to TC > 0° C. Recently, this 

HTSCs materials are in current research/evolution because 

of their electronical-thermodynamical properties. In this 

HTSCs group, Molecular Effect model was 2D graphically 

and numerically determined.  

Results have two branches, Graphical and Numerical ones 

for this HTSC group Molecular Effect Algorithms. 

Primarily, can be considered acceptable with low residuals. 

In contrast with previous research for other groups of 

HTSCs materials [1, 4-6], the model shows a sinusoid clear 

analytic geometry shape. It does not depend on ILS 

polynomial-model degree selected. Equations/ 

Approximations for 3 and 5 degree ILS polynomial methods 

have been obtained and approached. 

Engineering-Software and programming-patterns are based 

on previous contributions [1-9, 17-25]. Specific modifications 

were applied for the proper characteristics of the HTSCs 

materials class to show sharply this new sinusoid analytic 

geometry.  

In brief, 2D ILS polynomial-modelling Graphical 

Optimization methods for HTSCs group [Tl- Sn-Pb-Ba-Si-

Mn-Mg-Cu-O] materials have primarily determined. 

Applications in Electronics Physics turn up from the study 

Numerical/Graphical findings. 

 

Scientific Ethics Standards 

The study comprises a totally new class of HTSCs 

materials. Molecular Effect model was created by author in 

2020-1. Equations set are algorithms previously used for 

different materials class models. 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 

Casesnoves in 2020. This article has previous papers 

information, from [1, 4-6], whose inclusion is essential to 

make the contribution understandable. The 2D Graphical 

Optimization in Matlab constitutes a software engineering 

improvement from previous contributions [1, 3-9]. 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 International 

Scientific Community and European Union Technology and 

Science Ethics [38-41]. References [40, 41] and [38, 39]: ‘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, 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. 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]. 

 

References 

1. Casesnoves F. Mathematical-Computational 

Optimization Methods on Primary Molecular Effect 

Model for Selected High Temperature Superconductors 

with Electronics Physics Applications. International 

Journal of Scientific Research in Computer Science, 

Engineering and Information Technology 

(IJSRCSEIT). ISSN: 2456-3307, 2022 March-

April;8(2):159-167. DOI: 

[https://doi.org/10.32628/CSEIT228220]. 

2. Aditya M. Vora. Modified Transition Temperature 

Equation for Superconductors. Chin. Phys. Lett. 

2008;25(6):2162. 

3. Abramobitz Stegun. Handbook of Mathematical 

Functions. Applied Mathematics Series. 1972, 55.  

4. Casesnoves F. Interior Optimization Methods with 

Electronics Applications, International Journal of 

Scientific Research in Science, Engineering and 

Technology (IJSRSET), Online ISSN: 2394-4099, 

Print. 2020 May-June;7(3):428-436. ISSN: 2395-1990.  

5. Casesnoves F. Advanced Interior Optimization 

Methods with Electronics Applications, International 

Journal of Scientific Research in Science, Engineering 

and Technology (IJSRSET), Online ISSN: 2394-4099, 

Print ISSN: 2395-1990. 2020 September-

October;7(5):97-110. DOI: 10.32628/IJSRSET207518. 

6. Casesnoves F. "Multiobjective Interior Optimization 

Computational Methods for Electronics BCS 

Superconductivity", International Journal of Scientific 

Research in Computer Science, Engineering and 

https://www.computersciencejournals.com/ijecs


International Journal of Engineering in Computer Science https://www.computersciencejournals.com/ijecs 

~ 13 ~ 

Information Technology (IJSRCSEIT), ISSN: 2456-

3307, September-October 2020;6(5):280-293. 

Available at DOI: 10.32628/CSEIT206556. 

7. Casesnoves F. Mathematical Models and Optimization 

of Erosion and Corrosion. Ph.D. Thesis, Taltech 

University, Tallinn, Estonia. 14 December. 2018. ISSN 

25856898. 

8. Casesnoves F. Die Numerische Reuleaux-Methode 

Rechnerische und Dynamische Grundlagen mit 

Anwendungen (Erster Teil); Sciencia Scripts, 2019. 

ISBN-13: 978-620-0-89560-8, ISBN-10: 6200895600. 

9. Casesnoves F. Primary Modelling for Electromagnetic 

Waves Transmission in Extreme Weather Conditions. 

Inter-national Journal of Innovative Research in 

Science, Engineering, and Technology. Volume 7, Issue 

10, 2018. ISSN Online: 2319-8753. DOI: 

[10.15680/IJIRSET.2018.0710022]. 

10. Casesnoves F. The Numerical Reuleaux Method, a 

computational and dynamical base with applications. 

First Part. Lambert Academic Publishing. ISBN-10 

3659917478. 2019. 

11. Darwin C. The origin of species. Barnes & Noble 

Classics. 2004. 

12. Haupt R, Haupt S. Practical Genetic Algorithms. Wiley. 

Second Edition. 2004. 

13. Kazufumi I, Bangti J. Inverse Problems, Tikhonov 

Theory and Algorithms. Series on Applied Mathematics 

Volume 22. World Scientific. 2015. 

14. Plakida N. High-Temperature Cuprate Superconductors 

Experiment, Theory, and Applications. Springer Series 

in Solid-State Sciences ISSN 0171-1873. 2010.  

15. Alexandrev AS. Theory of Superconductivity, From 

Weak to Strong Coupling. Series in Condensed Matter 

Physics. Institute of Physics Publishing Philadelphia. 

2003.  

16. Khare N. Handbook of High-Temperature 

Superconductor. Marcel Dekker USA. ISBN: 0-8247-

0823-7. 2003.  

17. Casesnoves F, Suzenkov A. Mathematical Models in 

Biotribology with 2D-3D Erosion Integral-Differential 

Model and Computational-Optimization/Simulation 

Programming. International Journal of Scientific 

Research in Computer Science, Engineering and 

Information Technology. 2017, 2(3). IJSRCSEIT | 

ISSN: 2456-3307. 

18. Casesnoves F, Antonov M, Kulu P. Mathematical 

models for erosion and corrosion in power plants. A 

review of applicable modelling optimization 

techniques. IEEE Xplore database and will be cross 

referred in SCOPUS. Proceedings of RUTCON2016 

Power Engineering Conference. Riga Technical 

University. 2016. 

19. Casesnoves F. 2D computational-numerical hardness 

comparison between Fe-based hardfacings with WC-Co 

reinforcements for Integral-Differential modelling. Key 

Engineering Materials Journal. Trans Tech 

publications. 2018;762:330-338. DOI: 

10.4028/www.scientific.net/KEM.762.330.ISSN: 1662-

9795. 2018. 

20. Casesnoves F, Surzhenkov A. Inverse methods for 

computational simulations and optimization of erosion 

models in power plants. IEEE Proceedings of 

RUTCON2017 Power Engineering Conference. Riga 

Technical University. IEE Explore Publication in 5th 

December 2017. 

Doi:10.1109/RTUCON.2017.8125630. Electronic 

ISBN: 978-1-5386-3846-0. USB ISBN: 978-1-5386-

3844-6.Print on Demand (PoD) ISBN: 978-1-5386-

3847-7.  

21. Singh J. Mathematical modeling with mixed 

chemotherapy on tumor cells in two different stages 

under depression effect. Int. J. Stat. Appl. Math. 

2021;6(1):242-248. 

DOI: 10.22271/maths.2021.v6.i1c.655 

22. Casesnoves F. Large-Scale Matlab Optimization 

Toolbox (MOT) Computing Methods in Radiotherapy 

Inverse Treatment Planning’. High Performance 

Computing Meeting. Nottingham University. 2007 

January. 

23. Casesnoves F. A Monte-Carlo Optimization method for 

the movement analysis of pseudo-rigid bodies. 10th 

SIAM Conference in Geometric Design and 

Computing, Texas, San Antonio, USA. Contributed 

Talk. 2007 November. 

24. Casesnoves F. Applied Inverse Methods for 

Deformable Solid Dynamics/Kinematics in Numerical 

Reuleaux Method (NRM)'. International Journal of 

Numerical Methods and Applications. 2013;9(2):109-

131. Peer-reviewed International 

Mathematical/Computation Journal Article. 

print/Online. http://www.pphmj.com/abstract/7688.htm. 

This article is specially innovative in Inverse Problems 

applications for deformable solids 

kinematics/dynamics, further publications are included 

in United States Congress Library and Numerical 

Reuleaux Method is accepted by scientific community 

as an innovative dynamics method in deformable solids 

with mechanical, biomechanical and aerospace 

applications. New applications of this method will be 

probably found significantly in future. 

25. Casesnoves F. Nonlinear comparative optimization for 

biomaterials wear in artificial implants technology. Pre-

sented in Applied Chemistry and Materials Science 

RTU2018 Conference Proceedings. 2018. 

26. Huang X. Does the isotope effect of mercury support 

the BCS theory?. Condensed Matter. 2011. 

27. Hummel RE. Electronic Properties of Materials. 

28. Kasap FP. Capper (Eds.), Springer Handbook of 

Electronic and Photonic Materials, DOI 10.1007/978-3-

319-48933-9_50ourth Edition. Springer. 2000. 

29. Kessel W. On a General Formula for the Transition 

Temperature of Superconductors. Naturforsch. 

1974;29:445-451. 

30. Kulou P, Casesnoves F, Simson T, Tarbe R. Prediction 

of abrasive impact wear of composite hardfacings. 

Solid State Phenomena, Proceedings of 26th 

International Baltic Conference on Materials 

Engineering. 2017. Solid State Phenomena Submitted: 

2017-06-12. ISSN: 1662-9779, 2017;267:201-206. 

DOI:10.4028/www.scientific.net/SSP.267.201 Trans 

Tech Publications, Switzerland Online: 2017-10-10.  

31. Luenberger GD. Linear and Nonlinear Programming. 

Fourth Edition. Springer. 2008. 

32. Moysés Luiz, Adir. Superconductivity – Theory and 

Applications, Edited by ISBN 978-953-307-151-0. 

2010. 

33. Reynolds CA, Serin Nesbitt. The Isotope Effect in 

Superconductivity. I. Mercury. The Isotope Eff'ect in 

https://www.computersciencejournals.com/ijecs


International Journal of Engineering in Computer Science https://www.computersciencejournals.com/ijecs 

~ 14 ~ 

Superconductivity'. Mercury. Physical review. 1951 

November, 84(4). 

34. Seri B, Reynolds CA, Nesbitt B. Mass Dependence of 

the Superconducting Transition Temperature of 

Mercury. Letters to Editor. Phys. Rev. 1950;76:180-

761,. 

35. Todinov M. Reliability and Risk Models. Wiley. 2005. 

36. Vidyasagar M. Nonlinear Systems Analysis. Second 

Edition. Prentice Hall. 1993. 

37. Wesche R. Chapter 50. High-Temperature 

Superconductors. Springer Handbook of Electronic and 

Photonic Materials. 2017. 

38. 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. 

39. The European Code of Conduct for Research Integrity. 

Revised Edition. ALLEA. 2017. 

40. Good Research Practice. Swedish Research Council. 

ISBN 978-91-7307-354-7. 2017. 

41. Ethics for Researchers. EU Commission. Directorate-

General for Research and Innovation. Science in society 

/Capacities FP7. 2013. 

42. Casesnoves F. Computational Simulations of Vertebral 

Body for Optimal Instrumentation Design. ASME 

Journal of Medical Devices (Research Paper). Author: 

F Casesnoves. Journal of Medical Devices. 2012 June, 

6. 2/021014.11 pages. DOI: 

[http://dx.doi.org/10.1115/1.4006670]. 

https://www.computersciencejournals.com/ijecs

