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Abstract

Superconductors Molecular Effect Model (MEM) was
published in a series of contributions for High Temperature
Superconductors (HTSC) Type | and Il. A cautious pre-
hypothesis is presented for future applications with these
HTSC for optimizing the exploitation of cosmic space
temperature fluctuations, not exclusively related to MEM.
This pre-hypothesis project for possible upcoming missions
applications, both in human-crew or robotic spacecrafts is
explained and technically justified. Advantages and

inconvenients are discussed. A review of 3D Interior and
Graphical Optimization with HTSC MEM model, namely
Hg-Cuprates, is included with main Critical Temperature
numerical algorithms/formulas previously developed. This
updated refinement for Hg-Cuprates MEM shows error in
Tc prediction = 4 K, and is the forward improvement whose
errors have to be continued decreasing in next MEM
development stages.

Keywords: Superconductors Molecular Effect Model (MEM), High Temperature Superconductors (HTSC), Spacecraft,
Interplanetary Mission, Critical Temperature (Tc), Power Engineering, Interplanetary Spatial VVoyages, Robotic Spacecrafts

(RS)

1. Introduction and Objectives

Mathematical modelling of planetary stratospheric and outer space temperatures is diverse and extensive in contemporary
aerospace research 62 111 As an introduction it is shown some examples of the simple equations, other models could be
simple or more complicated 14, Here it is shown some models as an illustrative initiation.

One model for the stratospheric temperature Ts at earth planet, based on the Stefan-Boltzmann law to find the temperature
based on energy emitted and energy integrated by sun irradiance reads,

Tg = _E :
ol/4
where,

TS is the stratospheric temperature .
TE the effective radiative temperature of the Earth .

)

Other very simple model that shows the approximated average temperature at earth planet, 2, reads,

3612

D

T

n

where
T is temperature (Kelvin) .

D is distance from Sun (Million km) .
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Just to remark that these models are illustrative. More complicated models, taking account outer space temperature, are usually
made for planetary atmospheres of solar system, not for outer interplanetary space within solar system. The distance from the
sun and solar corona constitutes in general an important parameter in those models.

For example, from [, the temperature of air within the spacecraft, calculated by a system of partial differential equations,
based on layers of the spanecraft is,

3
Ti4 - TiK+1 « [-l-iK] :

Ti Temperature of every layer ( i ) of spacecraft with multilayer structure of screen-vacuum
thermal insulation under the influence of solar radiation [ directly from 63 ] . That is the analytic
solution of the system of partial differential equations

K: Constant that depends of the number of layers. (3)

However, this approximation is very different mainly from orbital temperatures within Solar System and interplanetary ones.
The fluctuations in orbital space, approximately follows the constraint: Temperature [-200, +200] (Celsius) >*3, That is, the
minimum approximates to 0 K degrees. T solar corona or surroundings, temperatures can reach trillions of degrees 11,

The most important difficulties for an interplanetary mission, briefed at Tables 1, are,

1. The long distances, that imply a high velocity close to light and is function of propulsion and energy. Recent calculations
for a Mars mission is around 3 years. Its is considered too long time that could create many difficulties, Tables 1-2.
Reduction to about 1 year may be necessary [1. The approximate certain technology is capable of possibly reaching about
10% the light speed, (-4,

2. The biomedical human constraints to endure during long journeys and arrive safely and healthy. Just the same reasons
from Tables 1-2.

The interplanetary expeditions show a rather high number of technological constraints 6], The most important, but not the

less, are: The velocity that should be near to light speed, otherwise the distance cannot be covered in optimal time, and this

velocity magnitude also could create biomedical problems for the human crew. The biomedical difficulties come from the

usual special medicine pathology. That is, osteophorosis, neurological disorders, muskuloeskeletal diseases, and others Tables

1. The speed is function of the engines, the energy sources and technology (that is the article focus for SC and HTSC

applications), and the biomedical difficulties for the human crew, provided the spacecraft is tripulated, not robotics. These

unavoidable difficulties to be resolved with success possibilities for the spacecraft trip and future transport spacecrafts

constitute a great challenge in the future aerospatial investigation.

The essential starting points, %621 are as follows,

1. Itisan objective fact that there are significant temperature fluctuations at interplanetary outer space.

2. Therefore, this fact implies that there is an energy fluctuation free.

3. Physics, engineering, and other science branches could get methods to approach this energy.

4. This is an open research field for multiple usages. The energy might not become cover total demand, but a maybe a high
portion.
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expeditions

PART I: BRIEF OF INTERPLANETARY VOYAGES SCIENTIFIC

COMPLEXITIES [2-6]

DIFFICULTIES COMPULSORY REQUIREMENTS
Difficulty Task Supplementary | Requirement Task Supplementary
Propulsion Huge Improvement Research task Velocity Mew Biomedical problem for
necessary and at compulsory Close to light, or | Propulsion, relativistic speed.
present lack of at least about thisis a Polemic: the higher
systems to reach 50% (currently very speed, the shorter
sufficient high speed maximum important voyage time, and the
and energy for long hypothesis part. Huge | higher speed the more
voyages reacheable is research possible biomedical
10%. for problems.
propulsion
systemis
mandatory
very il , astrip | SUPERCONDUCT Physical crew Training. | Training is for crew and
manufacturing is long, ORS conditions Exercise for any eventual
and design. SUPERCONDUCTO APPLICATIONS IS v
Communications | RS APPLICATIONS nics, at not necessary in robotic
with base. Energy, spacecraft spacecrafts (RS)
Material Biomedical,
degradation for Shielding, minimum
radiation. required comfort.
Long distances
imply significant
communication
delays.
Unpredictable Prediction work for | This could occur as Mental crew Training | Training is for crew and
propulsion propulsion and it happened in conditions and at for any eventual
problems or spacecraft mechanics | space exploration leastone | passengers . Amusing
accidents history. Meteorites, staff with aclivifies preparation.
micro-meteoroids, psychology Mot necessary in
debris, space Ipsychiatry robotic spacecrafts
objects. preparation (RS)
Electromagnetic | Geomagnetic storms | They can damage Diet Vital and Essential optimal and
storms, are global disruptions spacecrafts, optimal for previously studied.
magnetic storms of the planets humans, spacecraft survival Reserves of food for
magnetic grids, and materias, emergencies or lost or
Field. among others damagefcontamination
of food
Solar storms, From [E]: "Space Quter space storms Magnetic Protection Magnetic storm can
solar flares storms produce the could be mostly protection in damage electronics
most penetrating solar or non-solar spacecraft | and power engineering
radiation, which can 61 materials, at spacecraft also.
disrupt shielding,a Solar storms also.
communications and nd
cause power ling travelers
transmission failures” and crew
uniforms or
clothes,
magnetic
storms

www.multiresearchjournal.com

Table 1.1: Part 1. Some difficulties and challenges for interplanetary voyages/transport (26, Some of them are not applied for robotic

Table 1.2: Part 1. Some difficulties and challenges for interplanetary voyages/transport (61, Some of them are not applied for robotic

expeditions
PART II: BRIEF OF INTERPLANETARY VOYAGES SCIENTIFIC
COMPLEXITIES [2-6]
DIFFICULTIES COMPULSORY REQUIREMENTS
Difficulty Task Supplementary | Requirement Task Supplementary
Medical: Radiation Research in space Radiation Protection in Cosmic radiation
radiation [ all protection: radioprotection protection spacecraft rays can damage
medical radiation materials, structures and
complications (cosmic shielding,and | energy devices at
from 6 mainly, mainly) could travelers and spacecraft.
some are at become crew The radiation
short time source for uniforms or absorbed dose in
probability, other medical clothes long voyages can
others may come | complications easily overpass the
at long time] ICRP, and ICRU
radiation standards dose
levels
recommended
Medical: Diet plus Physical exercise Physical Physics This seems not be
osteophorosis supplements exercise + exercise important but is
supplements facilities at essential for
spacecraft physical and
mental health
conservation
Medical: Brain Biomedical Medication if Training, Pharmacy Not necessary in
and Neurology prediction, necessary medication for set-up robotic spacecrafts
and Sleep and this is eventual storage and (RS)
disfunctions very diseases and at least one
important basic surgery member in
facilities staff for
emergency
surgery,
accidents etc
Medical: Space Usual Training before Training, Automatic Periodic exercises
Adaptation medical voyage emergencies and fast for crew and
Syndrome and treatment response for travelers
Space Sickness eventual
emergencies
Medical: Vision Prevention Research for Training, social Prevent any Not necessary in
Problem, during prevention and social robotic spacecrafts
catharatas mission prediction problem (RS)
among
travelers
Medical Others: Control by Research for Training, Setting To save and
Cardiovascular, medical staff prevention and priorities clearly optimize time and
Mental Health, during prediction importance effort, human
Digestive, mission, of priorities energy available
Inmuno System, medical at every during voyage
Cancer (long periodic amount of
term), checks from tasks
Musculoeskeletal | earth base
Unpredictable Prediction These Bacteria or virus Prevention Research for
biomedical study complications could infections and prevention and
problems occur prediction prediction
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Actually, aerospace research is focused on next engines generations that could reach both optimal speeds and energy resources.
All of those are extremely difficult. Superconductors low resistivity may offer a technical solution to save energy and also
might provide with almost unexpensive energy resources during the voyage.

This study deals with the presentation of an energy-source variant that might be useful for interplanetary voyages in solar
system. Given the wide range of temperature fluctuations, that apparent difficulty could be approached for optimizing those
energy system depending on superconductors technology.

The first part of the article deals with geophysical and electrophysics arguments that could justify the advantage of using
superconductors to optimize both energy consumption and savings during interplanetary trip. The second one shows a
computational example of improved software in 3D Graphical Optimization, in this study with GNU Octave, related to
Molecular Effect Model for Hg-Cuprates (superconductor Type II).

A number of pre-hypothesis applications are described in the article, derived from the recent literature, 111, These ones are
diverse, however at present the fast development of SC and HTSC research, are not limited, Tables 1-3.

Grosso modo, the study presents a pre-hypothesis about SC and HTSC technology possible applications for interplanetary
voyages. A computational algorithmic and 3D Imaging—Processing example for Hg-Cuprates is also shown.

2. Pre-hypothesis Justifications
Table 2 shows the rationale to support the SC and HTSC for spacecrafts missions. The main point is to approach the
temperatures fluctuations at outer space, and avoid risk in energy -1,

Table 2: Rationale of some possible SC and HTSC applications for interplanetary missions [1-11]

PRE-HYPOTHESIS RATIONALE
BASIS [9,10] POSSIBLE APPLICATION [9,10]
Cables required for fast charge gt High power energy savings during time of optimal Tc
Superconducting magnets Specific power (volume, mass)/discharge time duration,
Superconducting wires For those alternative wires that work at optimal Te
Cryostat energy savings The materials of SC and HTSC would not need cooling
energy
Supercomputers Supercomputers for a mission of years or long time, that
demand high electrical energy
Superconducting magnetic energy storage (SMES) Investment and running costs (per kWh, per kW)
Propulsion (important) High power energy savings during time of optimal Tc

3. Project Highlights

The main objectives for SC and HTSC applications on power engineering resources during interplanetary voyages would be its
use taking advantage of temperature fluctuations. Outer space temperatures could approximate the 0 K degrees as minimum
and of around 400 C degrees [>6. 919, The solar cells power energy influx can be used in advantage-conditions by using SC or
HTSC through these possible ways,

Propulsion engines, parts of propulsion engines, transmission lines, or other parts

Spacecraft electrical power demands and savings

All types of batteries charging process.

Communication devices that require high-voltage and electrical intensity, and fast discharge/charge.

High-demanding energy computational systems that require elevated electrical power.

Given the constant random magnetic fields, cosmic radiation, and similar factors that cause strains in spacecraft systems,
the faster the electrical power is transmitted, the less probability these random outer space difficulties could occur.
Relatively recent investigation line for SC and HTSC are briefed on Table 2 from 1% &1 These new lines could get
improvements for applications on interplanetary missions also.

ek wnNPE

Table 3: From [11, Table at that article extracted from 60 highlights], Some future strategic research lines according [60, Sarrao, J; Nault, R.
(2006). Basic research needs for superconductivity] criteria. Note: That is an overview and brief resume with data of a prestigious institution
among others. Applications for interplanetary voyages emerge from these planned advances

SUPERCONDUCTORS POWER-ENGINEERING AND ELECTRONICS SOME
FUTURE STRATEGIC RESEARCH LINES

[ From 49, Sarrao, J ; Nault, R. (2006). Basic research needs for superconductivity. ]
PRIORITY REASONS AND OBJECTIVES
[ Directly From 49, Sarrao,
J ; Nault, R. (2006)]
Identifying simplified Elaboration of screens for new-potential superconductors will enable this
criteria for screening search, because it will allow identification of the most likely materials with
materials and faster/slower conductivity. Then, substitution of classical SC with more
implementing them into reliable and operational ones.
Computational Algorithms
Integrating Synthesis and | There are new laboratory techniques to be used for these objectives, such

Surface-Sensitive as molecular beam epitaxy (MBE), applicable for films of various complex
Characterization oxides.
Techniques

Computational Libraries of | Efficacious and efficient techniques/methods for creating materials
Potential Superconductors | libraries that which could be used for new properties.
Developing Reliable and | This is an important point as it saves laboratory time for characterization
Fast Methods to Determine | of potential new superconductors, and therefore increases probabilities of
the Surface Structure advances

Enabling materials for Materials apparently unable to show superconducting properties could get
superconductor utilization | that characteristics by using modifications.
Low-temperature Insulators are essential to reach optimal critical temperatures. That
Insulators involves both mechanical improvements and thermal properties research.

Magnets and Dielectrics More efficacious and efficient transformers for more optimal magnetic
fields and capacitors.

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

Maximize Refrigeration That is a field of convergence for several branches, namely, Chemistry,
Efficiency Mechanics. Thermodynamics and Thermo-Physics.
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4. Hg-Cuprates MEM Advances and Results, GNU Octave Example

This section show a recent stage for mathematical modelling of MEM with GNU Octave to obtain approximated critical
temperature, Tc. The optimized equations are shown, and the 3D imaging processing also, Fig 1. Error increases after 120 K.
The MEM model was developed in publications series, [ 1+ 5% 611 and at present the errors and intervals applicability is getting
better, but not matching the model requirements completely. Here the recent equation is shown, with new 3D imaging
processing variant in GNU Octave. The imaging GNU Octave results describes the Hg-Cuprates MEM model with acceptable
vision, Fig 1. The present-stage equation, after Algorithm Chebyshev Optimization for Hg-Cuprates MEM model, I, reads,

Te = (-478.778138031430e-009 & P? + 1.25347541665985¢-003 o P2 +...
... -976.861475440786e-003 e P + 326.607398423101e+000 - ... ...
[292.980091430742]%48) ;

[Casesnoves Bioengineering Laboratory, Algorithm 211a]

were,
Tc : Critical temperature (K);

P : Molecular Mass for every Hg-Cuprates compound. (4)

INTERIOR OPTIMIZATION FOR CUPRATES

OPTIMAL DIFFERENCE BETWEEN MODEL
AND EXPERIMENTAL Tc

1600
1400
N

1200

1000
80 < 800 EXP-MOL-MASS 570-1500)

Fig 1: [Casesnoves Bioengineering Laboratory, Algorithm-Graph 211a]. Present MEM model 3D imaging-processing for Hg-Cuprates
HTCS. It is observed that Matlab has more 3D Imaging Processing varied tools, although the primary imaging quality is almost equal

5. Future Interplanetary VVoyage Applications

From previous sections can be guessed the importance of aerospace research for interplanetary missions, given the constant
degradation of earth planet. Therefore, Tables 1-3 conditions are applicable to develop capabilities for future in terms of
survival prediction/prevention.

Table 4: From® 19, brief of pre-hypothesis applications
PRE-HYPOTHESIS APPLICATIONS

BASIS [9,10] POSSIBLE APPLICATION [9,10]
Interplanetary voyages High power energy savings during time of optimal
mission
Superconducting processors New lion of microprocessors
Superconducting grids and wires For those alternative grids/wires that work at optimal Tc
Cryostat energy savings The materials of SC and HTSC would not need cooling
energy
Rotating machine generators motors During optimal temperatures for superconductors
Superconducting magnetic energy storage System extracts information from the grid system and
controls the superconducting magnet output power in
function of to the spacecraft demands of the grid system
Propulsion High power energy savings, when the outer space
temperature is applicable, during time of optimal Tc

6. Discussion and Conclusions

Primarily, according to scientific ethics standards, it is obliged to remark that this study constitutes a pre-hypothesis, based on
series of SC and HTSC modelling publications for MEM. This is the first article-stage part in the field. Given this
specification, the objectives of the research are a number of forthcoming concepts/ideas.

Therefore, the number of objectives of the study were diverse, divided in Part | and Part 1l. For Part I, firstly to explain and
show the pre-hypothesis, based on literature review and previous Author’s publications. Secondly to justify the rationale of the
ideas and the practical engineering applications for interplanetary future voyages. Complementary, a series of applications for
power engineering were presented.

Par 1l constitutes a Hg-Cuprates MEM model group of refinements, both in optimized numerical and 3D imaging-processing
graphs. The Tcequation after refinements is presented.

The pre-hypothesis was justified according to actual hurdles for interplanetary missions, mainly for human voyagers and also
robotics expeditions. It is a pre-informative presentations of future-possible ideas based on literature and Authors’ SC and
HTCH MEM model. Therefore, from this point of view, the study constitutes a rationalized introduction.
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In summary, a cautious pre-hypothesis for future interplanetary missions was shown with further developments and example of
Hg-Cuprates MEM model with 3D Optimization Imaging Processing.

7. Scientific Ethics Standards

Important remarks: (1) IMPORTANT: SOFTWARE, TEXT, IMAGES, WHOLE ARTICLE IS MADE BY AUTHOR, AND
NO Al PROGRAMS, SYSTEMS, OR SOFTWARE FOR MAKING THE PAPER WAS USED, ACCORDING TO
STANDARD EUROPEAN UNION AND SCIENTIFIC COMMUNITY ETHICS. IF Al IS USED AT ANY OF THE
PUBLICATIONS, IT IS PRECISELY SAID WHAT WAS USED, HOW AND THE ARTICLE PLARTS. (2) Images and
table-data reminders from previous contributions are intended for explicit improved understanding. Author’s references from
previous publications are set for readers getting all complementary information. This study contains improved programming,
[Casesnoves, May 7th, 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 3rd 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, and B8l 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 anything is taken from a source, it is adequately recognized, or put anu mber in a remark.
Ideas and some text expressions/sentences from previous publications were emphasized due to a clarification aim. Number of
references is large to provide literature in open access for public health care institutions.
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