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Abstract- Ingés: The study of Science, Technology and Society (STS) is quite embracing and
relevant to today's society. In this article, we intend to approach the issue and reflect on the
interaction that exists between the three areas and education, as well as the relationship with
Science, Technology, Engineering and Mathematics (STEM). For that, a qualitative research was
carried out from a narrative review about the subject in books, articles and works presented in
event annals highlighting STS in the context of education, the challenges faced in relation to the
STEM approach and the possibilities of integration between science, technology and society in
engineering courses. The results indicate that there are challenges such as lack of adequate
training for teachers, lack of didactic resources and resistance to change on the part of some
educators and managers, as well as that the STS approach in education and STEM in the
training of engineers makes it possible to develop professional skills and competencies focused
on sustainability, innovation and a fairer and more humane society.
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Science, Technology and Society: Challenges
and Possibilities for STEM in Engineering
Courses

Ciéncia, Tecnologia e Sociedade: Desafios e possibilidades para o STEM nos
cursos de Engenharia do Amazonas

Felicien Gongalves Vasquez °, Nataliana de Souza Paiva ° & Ana Claudia Ribeiro de Souza ?

Resumo- O estudo do tema Ciéncia, Tecnologia e Sociedade
(CTS) é bastante abrangente e relevante para a sociedade
atual. Neste artigo, pretende-se abordar a tematica e refletir a
respeito da interagdo que existe entre as trés édreas e a
educagdo, como também, a relagdo com a Ciéncia,
Tecnologia, Engenharia e Mateméatica (STEM). Para tanto, foi
realizada uma pesquisa qualitativa a partir de uma reviséo
narrativa sobre o tema em livros, artigos e trabalhos
apresentados em anais de eventos destacando a CTS no
contexto da educagéo, os desafios enfrentados em relagéo a
abordagem STEM e as possibilidades de integragdo entre
ciéncia, tecnologia e sociedade nos cursos de Engenharia. Os
resultados apontam a falta de formagdo adequada dos
professores, falta de recursos didaticos e resisténcia a
mudanga por parte de alguns educadores e gestores, como
também que a abordagem CTS na educagéo e no STEM na
formagédo de engenheiros possibilita desenvolver habilidades
e competéncias profissionais voltadas a sustentabilidade,
inovagéo e uma sociedade mais justa e humanitéria.
Palavras-chave: CTS, STEM, Ensino de Engenharia.
Abstract- Ingés: The study of Science, Technology and Society
(STS) is quite embracing and relevant to today's society. In this
article, we intend to approach the issue and reflect on the
interaction that exists between the three areas and education,
as well as the relationship with Science, Technology,
Engineering and Mathematics (STEM). For that, a qualitative
research was carried out from a narrative review about the
subject in books, articles and works presented in event annals
highlighting STS in the context of education, the challenges
faced in relation to the STEM approach and the possibilities of
integration between science, technology and society in
engineering courses. The results indicate that there are
challenges such as lack of adequate training for teachers, lack
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of didactic resources and resistance to change on the part of
some educators and managers, as well as that the STS
approach in education and STEM in the training of engineers
makes it possible to develop professional skills and
competencies focused on sustainability, innovation and a
fairer and more humane society.

Keywords: STS, STEM, Engineering Education.

[. INTRODUCAO

busca humana pelo entendimento das leis da
natureza remonta a antiguidade, quando os

gregos e egipcios realizavam estudos e
observacdes para entender os fenbmenos naturais —
conhecimentos esses que foram se acumulando e
dando origem ao que entendemos hoje como ciéncia.
Ao longo dos séculos, a ciéncia vem evoluindo e se
desenvolvendo em diferentes culturas e sociedades,
sendo influenciada por diversas correntes filosdéficas e
contextos sociais complexos.

O estudo do tema Ciéncia, Tecnologia e
Sociedade (CTS) ¢é bastante abrangente, indo além do
que se discute neste artigo. Temos como objetivo
revisitar uma reflexdo a respeito ndo sé da interagao
que existe entre essas trés areas e a educacdo, mas
também a relagao com Ciéncia, Tecnologia, Engenharia
e Matematica (STEM).

A discusséo a respeito do papel do STEM, em
particular nos cursos de Engenharia, se da pela
possibilidade que essa abordagem traz para o
desenvolvimento ndo s6 de habilidades profissionais
dos estudantes, como também pela busca em formar
individuos cada vez mais comprometidos com o meio
ambiente e com uma sociedade mais justa e humana.

No contexto amazdnico, especificamente no
Amazonas, torna-se estruturante pensar nas questoes
sociais, ambientais, éticas, politicas e suas conexbes
com o0s povos do campo, das aguas e das florestas
que aqui habitam e se relacionam com: o Polo Industrial
de Manaus (PIM) nos segmentos eletroeletrénico, duas
rodas, naval, mecéanico, metallrgico e termoplastico,
entre outros (Brasil, 2017); a extracdo de minerais que
vem fazendo parte da economia do estado (Hauradou e
Amaral, 2019); e a bioeconomia gerada do
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desdobramento das ciéncias basicas, aplicadas e
areas tecnoldgicas (informatica, robdtica e controle de
processos) (Willerding, et al, 2020).

Diante dos impactos que as questdes
econbmicas podem causar na sociedade e no meio
ambiente, a engenheira dialoga com estes cenarios
locais e globais, tonando-se campo fertil para
integragao de CTS e STEM, numa perspectiva de
ensino critico e reflexivo sobre ciéncia e tecnologia,
possibilitando uma capacidade de resposta rapida as
inovagoes e solugdes tecnoldgicas.

Apesar de importante, a abordagem STEM nas
instituicbes de ensino superior enfrenta desafios aos
quais podemos elencar como sendo a sua
implementacdo, a mudanga na cultura educacional,
falta de formacdo pedagodgica dos professores,
auséncia de recursos didaticos adequados e a
necessidade de uma abordagem interdisciplinar e
aplicada. Dessa forma, para torna-la possivel é
necessario que as instituicbes de ensino superior
estejam preparadas para enfrenta-los, investindo em
recursos e formagao adequada de seu corpo docente.

Neste estudo discutimos quais os desafios e as
possibilidades para o STEM nos cursos de engenharia,
com foco na tematica CTS? Para isso, realizamos uma
revisdo narrativa sobre o tema em livros, artigos e
trabalhos apresentados em anais de evento, a fim de
discutir alguns apontamentos sobre a abordagem
Ciéncia, Tecnologia e Sociedade (CTS) na educagéao e
o STEM na formagao de engenheiros relacionado com
CTS, de maneira que possam contribuir para a
formacao de profissionais criticos e reflexivos.

[I. ABORDAGEM CIENCIA, TECNOLOGIA E
SOCIEDADE (CTS) NA EDUCACAO

Quando questionados quanto ao conceito de
tecnologia, logo nos vem a mente, aparelhos
eletrbnicos, de informatica e comunicagéo, pois
estamos acostumados a nos referir a tecnologia como
equipamentos e aparelhos. Estes sado considerados
exemplos de tecnologia, assim como um simples lapis
ou um caderno também o séo, pois, a tecnologia ndo é
representada apenas pelo produto final, mas pelo
conjunto de saberes necessarios desde a sua
concepgao, execucdo e a utilizagdo do produto ou
servigos (Veraszto et al, 2008; Oliveira, 2008).

A tecnologia, entdo, surge da capacidade do
homem em expandir seus conhecimentos, facilitar seu
trabalho, tornar a vida mais agradavel a partir das
dificuldades encontradas e com criagdo de
instrumentos  (artefatos, sistemas, processos e
ambientes), capazes de suprir suas necessidades
historicas pessoais e coletivas, garantindo sua
sobrevivéncia em qualquer ambiente com diferentes
formas, usos e aplicagbes (Kenski, 2007; Veraszto et al,
2008; Araujo e Sa, 2021).

© 2024 Global Journals

Na antiguidade, a tecnologia estava voltada
para o comércio, transporte de &gua, para uma
economia predominantemente doméstica, mais tarde
virou forca propulsora da expansao social para o
crescimento das cidades pelo desenvolvimento da
tecnologia do transporte e hoje como em outros
momentos da histéria da humanidade o monopdlio das
armas e do poderio militar, do emprego de imagens,
assim como também as tecnologias digitais (Elias,
1994).

A tematica que envolve a tecnologia, continua
alvo de preocupacao e exige reflexdes, por ser um dos
principais problemas tedricos e praticos da atualidade,
abordados nos mais diversos campos de estudo,

Da Engenharia a Sociologia da Ciéncia, da Histéria a
Biotecnologia, da Antropologia aos Estudos Sociais da
Ciéncia, da Fisica/Quimica/Matematica a Pedagogia/
Psicologia/Economia, passando pelas Ciéncias da
Computacao, ecoam questoes que envolvem a condi¢ao
tecnoldgica. Nao s6! O tema néo se restringe ao universo
académico e um observador mais estimulado néo tera
dificuldade de encontrar nas transmissOes televisivas,
nos jornais, nos mercados, nas pragas, nos dialogos do
cotidiano, elementos tedricos problematizadores da
referida temética (Silva, 2007, p.116).

Nessa perspectiva, na busca incessante pelo
bem-estar humano, surge o conflito entre a manutengao
dessa situagdo e o risco a sobrevivéncia devido a
exploragéo excessiva, destruicdo dos recursos naturais
e até mesmo da degradacdo humana, pois se tornou
acessorio da tecnologia, sendo substituido até mesmo
das relagbes afetivas e morais constituindo-se como
fendmeno de alienacéo (Oliveira, 2008).

A abordagem CTS tem como um de seus
objetivos a compreenséo da ciéncia e da tecnologia
como atividades humanas, socialmente situadas e
culturalmente mediadas — que superara a visdo ingénua
e idealizada da ciéncia e da tecnologia como atividades
neutras, objetivas e desinteressadas, propondo uma
reflexdo critica sobre as implicacdes sociais, politicas,
econdbmicas e ambientais em nossa sociedade (Bazzo,
2018).

Apesar de haver muitas iniciativas e producoes
bibliograficas em CTS, ainda ha desafios a serem
enfrentados - como a falta de formacao adequada dos
professores para trabalhar com CTS e a dificuldade em
integrar essa abordagem ao curriculo escolar. Além
disso, Bazzo (2018) aponta haver uma tendéncia em
reduzir a abordagem CTS a um conjunto de técnicas ou
atividades pontuais, sem considerar sua dimensao
critica e reflexiva.

A visdo desta dificuldade de CTS chegar até a escola
sempre me acometeu desde que comecei a trabalhar
com a relagdo ciéncia, tecnologia e sociedade. [...] Essa
dificuldade se acentuou nesses Ultimos anos porque pela
‘febre’ das publicacbes em revistas ‘indexadas’ muitos
autores se despreocuparam em chegar até os
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professores que estavam na lida diaria da construgéo de
conhecimento (Bazzo, 2018, p.262).

Mesmo promissora, ainda ha muito o que ser
feito para consolidar a abordagem CTS na educacao
brasileira. O autor destaca haver muitas iniciativas e
produgdes bibliograficas na érea, bem como a criagao
de grupos de pesquisa e redes colaborativas. 1sso
porque, o ensino de ciéncias no Brasil ainda é marcado
por uma visdo tecnicista e descontextualizada da
ciéncia, que nado considera as dimensbes sociais,
culturais e politicas envolvidas na produgdo do
conhecimento cientifico (Bazzo, 2018).

E necessario avancar na consolidacdo da
abordagem CTS na educacao brasileira, buscando
superar os desafios mencionados. Ele também ressalta
a importancia de se manter uma perspectiva critica e
reflexiva sobre a ciéncia e a tecnologia, buscando
desmistificar esses temas e promover um
desenvolvimento tecnolégico mais humano (Bazzo,
2018).

Nesse processo civilizatério é importante
entender as concepcdes dos processos sociais, a
economia, a politica, a tecnologia, a cultura ao que
tange a mudanca de conduta e sentimentos humanos
em outras direcdes. Muito embora essa mudanca nao
tenha sido “racionalmente” planejada, nao quer dizer
que tao pouco foi aleatdria, foi pela acéo integrada do
homem (acbes coletivas sdo mais fortes para o
processo civilizador).

De acordo com N. Elias (1994, p. 199) “a
transformacdo da existéncia social na totalidade é a
condicdo bésica para civilizar-se a conduta”, mas
apesar disso costuma-se mensurar o0 grau de
civilizacdo pela estrutura social a qual pertencem,
geralmente julgando-se civilizados aqueles inseridos
numa cultura digital.

A aplicacéo da ciéncia e tecnologia trouxeram
implicagbes na organizacdo do trabalho e das
empresas e, consequentemente, nas profissdes e na
maneira como ocorre o processo de formacao destes
no contexto educacional. Desta forma, os avancos
tecnolégicos, em especial na informacdo e
comunicacao, impactam na formagao de professores,
nos processos de ensino e aprendizagem, nos
curriculos e nas politicas educacionais de CTS, ou seja,
na forma de conceber a educacao (Pena; Alves; Peppe,
2003).

Na busca por uma sociedade mais justa e
igualitaria, a educacéo tecnoldgica é uma possibilidade
de emancipacdo do cidadado, quando visa formar
cidaddos criticos e reflexivos para o mundo, por
conhecimentos técnicos das ferramentas necessarias
para o trabalho, para contribuir na construcao de uma
sociedade mais humana (Duraes, 2009).

Desta forma, Goncalves e Azevedo (2021),
ressalta que a “Educacdo Tecnolégica busca nao
somente formar um nivel ou grau, mas sim uma

formagao que consiga proporcionar aos individuos um
olhar critico e reflexivo para as questées do mundo". Ou
seja, deve-se incentiva-los a pensar de forma critica e
analitica sobre o papel da tecnologia em nossa
sociedade e refletir sobre as implicacdes éticas, sociais,
ambientais e econémicas do uso da tecnologia, tais
como O impacto da tecnologia na privacidade,
seguranga, saude, emprego, relagdes sociais, entre
outras.

Para Harari (2018), compreender o impacto da
tecnologia na sociedade, reforca a ideia de que a
educacéo tecnoldgica deve incluir uma formagao mais
ampla, que va além das habilidades técnicas e
profissionais, buscando desenvolver um pensamento
critico e reflexivo das implicagbes que a tecnologia
pode trazer para a sociedade.

O autor argumenta que a tecnologia esta
mudando rapidamente a sociedade, criando
oportunidades e desafios, dessa forma, o ensino
tecnolégico pode ajudar a preparar os estudantes para
lidar com essas mudancas, capacitando-os a adaptar-
se a novas tecnologias e contextos (Harari, 2018).

N&ao podemos deixar de descrever a relagao
entre a Educagao Tecnolégica com o STEM, o qual é
uma abordagem interdisciplinar para o ensino que
integra essas quatro areas de conhecimento, e é
amplamente reconhecido como uma forma de preparar
0s estudantes para as demandas do mercado de
trabalho atual, valorizando habilidades em tecnologia e
ciéncia. Além disso, “permitem desenvolver a
observacdo, o questionamento e a resolucao de
problemas no processo de ensino e aprendizagem”
(Bacich; Moran, 2018).

Bazzo, Pereira e Bazzo (2014) apontam trés
alternativas para a insergdo do enfoque CTS no
curriculo de Engenharia, a) insergdo de temas sobre
CTS nos conteldos; b) insercdo de disciplinas
especificas de CTS, c¢) organizacdo de um curriculo no
qual todas as disciplinas tenham enfoque CTS
(descritas pelos autores como a abordagem ideal) e na
formagdo didatico-pedagdgica que apontam para um
olhar reflexivo na abordagem STEM.

III. STEM NA FORMACAO DE ENGENHEIROS
E A RELACAO CoM CTS

Os estudos sobre STEM emergem nos Estados
Unidos a partir da corrida espacial de 1950 e 1960
engenheiros, cientistas e matematicos ajudaram a
enviar os primeiros objetos ao espaco, em 1970 e 1980
o EUA tornou-se lider global de educagéo cientifica e os
computadores passaram cada vez mais parte da vida
das pessoas. Nos anos de 1990, ciéncias, matematica,
engenharia e tecnologia, SMET, foi utlizado pela
National Science Foundation (NSF), orientaram politicas
de curriculo integrado, avaliacbes externas e em larga
escala, levando para as escolas a alfabetizacao
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cientifica, fortalecendo sobretudo a economia
competitiva usando como fundamento a tecnologia e
engenharia (Pugliese, 2020; Hardoim e Santos, 2021).

Nos anos 2000, a palavra do acrénico STEM
aparece na literatura perdurando até os dias atuais,
contudo s6 em 2008 passou a chamar-se STEAM, que
para alguns aparece como estimulo a criativade e
estética e para outros como forma de evitar a
preeminéncia da Ciéncia e da Tecnologia em relagao
aos demais (Pugliese, 2021). Em 2010 o termo STEM
tornou-se popular, mas referia-se as quatro areas do
conhecento de forma distinta, de |4 para ca em 2024
podemos perceber que no contexto educacional
brasileiro h4 movimentos de integrar essas areas numa
abordagem de aprendizagem integrada e interdisiclinar
(Gamboa et al., 2020; Hardoim e Santos, 2021).

Internacionalmente existem muitas criticas a
educagao STEM, por estar relacionada a movimentos
de politicas educacionais globalizantes para atender
sobretudo ao mercado de trabalho competitivo e
impulsionar ao crescimento econémico, com algumas
acoes voltadas as mudangas nos curriculos, entregas
de pacotes metodoldgicos de ensino, materiais (kits de
maker) e espacos, principalmente no ensino médio
(Pugliese, 2020Db).

Embora seja importante preparar estudantes
para as demandas do mundo do trabalho atual e futuro,
¢ importante que carreiras relacionadas a ciéncia,
tecnologia, engenharia e matematica suscitam uma
educacao ampla, humanizada e equilibrada para a vida
profissional.

Para Bacich e Holanda (2020) as palavras do
acronico STEM, nome utilizado neste estudo, ganham
sentido quando relacionados a aprendizagem ativa e
integrativa. Para a Ciéncia estdo os conhecimentos
cientificos e a experimentagdo que levam a reflexédo e
modelagem de diferentes fendmenos; a Tecnologia
para obtengdo de informagdo, andlise, uso de
programagédo para solucdes de problemas; a
Engenharia para estudantes realizam o planejamento, o
design e a construgcdo de objetos para solucionar algo
para compreensdo de um fenénemo ou conceito
cientifico; a Arte, como forma transversal da arte-
educacao na proposta de inovagdo, criatividade,
pensamento critico, comunicagdo, integracéo; e a
Matematica empregada para medir, calcular, projetar
solugdes, ajudar nas andlises dos dados obtidos e
desta forma integrar a educagdo cientifica e
tecnolégica. (Bacich; Holanda, 2020)

Na abordagem STEM sédo considerados
relevantes os conhecimentos das areas STEM pelo
menos ao nivel de compreensdo conceitual, poisajuda
o professor a apreender e desenvolver o0 conhecimento
pedagégico no ensino STEM. Esse dialogo entre
conheicmento e ensino possibilita estudantes a
desenvolvem sua capacidade de realizar investigacoes,
resolver problemas da vida cotidiana, trabalharem
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colaborativamente e desenvolverem sua capacidade de
criagao, que sao balizares na formacao do engenheiro
e do papel da CTS (Kutlu, Bakirci e Kara, 2022; Tekin e
San, 2023).

Em consonancia com Bazzo e Costa (2019) é
questao de engenharia pensar 0 uso dos recursos
naturais, as questdes climaticas, os impactos na
distribuicdo de renda na sociedade, refletindo o papel
CTS na formacao de engenheiros e na formagao dos
professores de engenharia para uma toma de
consciéncia critica, criativa, resolutiva, ética e
humanista.

Desta forma, esta abordagem é vista cada vez
mais como caminho possivel aos cursos de
Engenharia, a medida que as questbes ambientais e
sociais das quais estamos vivendo e que colocam em
risco a seguranca global. Logo a demanda por
habilidades STEM articuladas a CTS esta se tornando
exasperada devido ao cenario econdmico, social,
ambiental e politico enfrentados por muitos paises.

No Brasil, a Resolucao N° 2, de 24 de abril de
2019, estabelece as novas Diretrizes Curriculares
Nacionais (DCN) para a formacdao em engenharia.
Essas diretrizes propdem uma nova proposta de
formagado do egresso, baseado em competéncias e
habilidades, em contraposicdo ao modelo tradicional
focado apenas no contelido, trazendo os fundamentos
cientificos e tecnoldgicos, projeto e analise de sistemas,
produtos e processos, comunicagao, trabalho em
equipe e lideranca, autoaprendizagem e educacao
continuada (DCN N° 2, 2019).

Além disso, as DCN enfatizam a importancia da
integragao do estudante as demandas sociais por meio
da curricularizagdo da extenséo. Conforme Vasquez,
Paiva e Souza (2022), isso é relevante porque a
engenharia ¢ uma das profissbes responsaveis pelas
transformagcdes no planeta e precisa considerar a
responsabilidade social e a qualidade de vida humana,
considerando 0s possiveis impactos ambientais e
sociais.

Em 2015 a Organizagdo das Nagdes Unidas - ONU
adotou a Agenda 30 com os 17 objetivos para o
desenvolvimento sustentavel para assegurar um futuro
melhor, onde engenheiros sdo chamados a
desempenhar papel essencial para que essas metas
sejam atingidas ndo s através da criagao de tecnologias
ambientalmente amigaveis, mas também com aplicagoes
de solugbes ambientalmente sustentaveis, diretamente
relacionada a redugéo da pobreza, ao desenvolvimento
de infraestrutura, de promogéo da salde e da educagéo
(Vasquez; Paiva; Souza, 2022, p. 2).

Nesse contexto, € urgente olhar para a
formacdo dos estudantes de engenharia, que devem
ser capazes de pesquisar, adaptar e utilizar tecnologias
inovadoras e empreendedoras, assim como reconhecer
as exigéncias do mercado e resolver problemas de
engenharia com  perspectivas  multidisciplinares,
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transdisciplinares e com foco na redugéao da pobreza e
dos impactos ambientais. Habilidades essas que
inclusive ja sdo mencionadas no Art 3° da DCNs do
CNE/CES n° 02/2019.

Os estudantes de curso de engenharia na
abordagem STEM com enfoque CTS problematizam,
constroem perguntas, identificam conhecimentos
cientificos necessarios para a solugéo, séo estimulados
a autodisciplina, tem oportunidade de errar,
autoconfianga e ao professor o papel mediador que
permita ao estudante construir seus préprios projetos
(Pugliese, 2020; Gamboa et al., 2020).

Kelley e Knowles (2016) pontuam o problema
de desinteresse que o0s estudantes geralmente
apresentam em relagdo as ciéncias e matematica
guando aprendem de maneira isolada e desarticulada,
acabando por perder as conexdes entre 0s conceitos e
o mundo real, que acaba contribuindo para que muitas
instituicbes de ensino procurem formas de manter o
interesse e a motivagdo dos alunos em relacdo a
abordagem STEM.

Assim como a CTS, a abordagem STEM surgi
como alternativa de pensar em uma educagao mais
contextualizada e interdisciplinar, que considere as
implicagdes sociais, politicas e ambientais da ciéncia e
da tecnologia. Ambas as abordagens pretendem formar
cidaddos criticos e conscientes, capazes de
compreender e intervir nos processos de producao,
difusédo do conhecimento cientifico e tecnolégico.

Tecnologia

Ciéncia

Ciéncia, Tecnologia e Sociedade

Reforcando esse ideia, para Pugliese (2020) é
fundamental refletir que quem trabalha com a
abordagem STEM, a reconheca como um pProcesso
dialdgico, ndo se tem uma receita pronta, mas aponta
uma uma possiblidade de encontrar os seus proprios
caminhos para promover as experiéncias.

Enquanto o STEM se concentra principalmente
nas areas do conhecimento de ciéncias, tecnologia,
engenharia e matematica, a abordagem CTS amplia
essa perspectiva para incluir outras areas do
conhecimento, como as ciéncias humanas e sociais.
Faz-se necessario uma interdisciplinaridade efetiva
entre os campos do saber para formar seres humanos
mais criticos e preocupados com o coletivo (Bordin;
Bazzo, 2017).

A educagdo STEM pode desenvolver nos
estudantes a compreensdo da base social e
institucional da credibilidade cientifico-tecnolégica,
como estimular e habilitar os estudantes a aprender
ciéncias a partir de seus proprios interesses. Os
principais percalgos enfrentados no STEM se voltam
para um ensino centrado no docente, na aprendizagem
mecanica de conteldos, na falta de integracdo entre
componentes curriculares (Moreira, 2018).

O STEM ancorado numa abordagem CTS
otimiza e enfatiza a reflexao critica sobre as implicagoes
sociais da ciéncia e da tecnologia em nossa sociedade
como na Figura 1.

Engenharia Matematica

N\

V

Fonte: Produgao dos prdprios autores. 2024.
Figura 1: Relagdo STEM e CTS

E preciso que as escolas de engenharia
pensem em solugbes sustentaveis, criativas e
inovadoras, ao pressupor a integracdo de
conhecimentos que possibilite ao estudante se preparar
para desafios como cidaddo critico, colaborativo,
produtivo para a vida e o mercado de trabalho,
integrando  diferentes areas do conhecimento e

resolutivo diante dos problemas diarios, ultrapassando
0s modelos tradicionais de ensino e suas relagbes
didatico-pedagdgicas.

Podemos dizer que do ponto de vista da
educagdo, na relacdo engenharia e vida, serdo
necessarias outras concepgdes epistemologicas de
ciéncia e tecnologia, romper com a perspectiva de
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ensino  instrumental, investimento na formacao
continuada em questbes didatico-pedagdgicas e
mobilizar os saberes docentes dos engenheiros a partir
de formagbes de professores priorizadas por suas
instituicdes (Bordin; Bazzo, 2017).

No STEM, o foco significativo de trabalho esta
na ressignificagdo da pratica pedagdgica do corpo
docente, apoiando-se na mudanga da apresentacao
baseada em palestras para a pratica baseada em
evidéncias, pela investigagao (Stainset al., 2018).

E importante  ressaltar que estar que
professores engenheiros que participam de processos
formativos didatico-pedagdgicos, tem possibilidade de
trabalhar melhor as atividades de aprendizagem,
escolher seu material significativo, definir a melhor
metodologia de ensino para sua realidade,
redimensionar o papel da avaliacdo da aprendizagem,
entre outros elementos conseguem articular sua
atividade de ensino ao STEM articulado a CTS na
engenharia (Ruttmann, 2023).

Moreira (2018, p.224) apresenta algumas
estratégias de ensino para disciplinas de STEM, com a
utilizacdo de atividades praticas e experimentais, 0 uso
de tecnologias educacionais, a integragdo de
componentes curriculares STEM, a promocdo da
criatividade e do pensamento critico, com participacao
em atividades contextualizadas com a vida cotidiana
dos estudantes. Além disso, é importante que os
professores tenham um profundo conhecimento do seu

Tema do curriculo

Principais problemas de
tecnologia do mundo real.

Explorande o campo da
engenharia.

Conhecimento especifico

Estratégia d_e Ensinq__

componente de ensino articulado com praticas
pedagogicas inovadoras.

Corroborando neste sentido de praticas
pedagogicas ressaltamos Tardif (2014), ao dizer que a
pedagogia na sala de aula é feita de negociacoes, pois
“ensinar é fazer escolhas constantemente, em plena
interagdo com os alunos”, (Tardif, 2014, p. 132). Logo
no ensino de engenharia que abordagem STEM de
enfoque CTS propiciam situagbes e respostas Unicas
para cada local e realidade trabalhada.

O ensino STEM na abordagem CTS, emergem
condigdes basilares focada em pensamento critico,
questionamentos, problemas da vida real,
contextualizado, de natureza multidisciplinar,
interdisciplinar, envolvido com a inovacéo, resolucéo de
problemas, trabalho colaborativo, desenvolvimento da
capacidade de observacdo e comunicacao. (Thibaut et
al., 2018).

Outro ponto relevante nesta discussdo esta
voltado para o curriculo, no STEM esta geralmente
centrado em projetos de engenharia, que pode ajudar a
desenvolver o conhecimento dos estudantes por meio
da aplicagdo pratica do contetdo (Fan; Yu e Lin, 2021).
Os autores exploram as etapas importantes na
aplicagdo do conhecimento de conteldo ao processo
da elaboracéo de um projeto de engenharia, propondo
uma estrutura para implementar um curriculo STEM
focado tanto na engenharia, quanto no projeto,
conforme figura 2.

L

Desenvolvendo
d STEM.
<L atividade de dade 7,-.-‘”50|ugﬁes -
aprendizagem de re! a| de Definind;: o "
investigacio e design e marcagio problema Analisando
Focando no experimento * Incorporando o W
conhecimento - Observagio principio da cincia = T Projeto de f
S * Registro e andlise de + Aplicagio de produtos A Engenharia ]
dados de tecnologia
* Reflexdo e avaliagio * Conhedmento de Otimizando Modelando
+ Comunicagio materiais
Abordagem de * Uso de ferramentas N, itctad >
aprendizagem de tecnologia Sy ?;ﬁ il
moaificagao
Principais problemas de
tecnologia do mundo real,
E de Ensi
Explorando o campo da "
engenharia, Explorando o Conectando situagdes

conhecimento real

Conhecimento especifico
do assunto STEM,

do mundo real

Interpretando conceitos abstratos

Fonte: adaptado de Fan, Yu, Lin (2021, p. 1528).

Figura 2: Estrutura para implementar um curriculo STEM focado em engenharia

No caso de um curriculo STEM, geralmente as
seguintes caracteristicas sdo consideradas: um
histérico do mundo real; conteddo de integracéo e
aplicagdo de ciéncia, tecnologia, engenharia e
matematica; atividades baseadas em investigacéo,
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problema ou projeto; um ambiente que inspira 0s
alunos a se tornarem aprendizes ativos; e cultivo de
habilidades de pensamento de alto nivel em estudantes
(Bayer Corporation, 2010; Hudson, English e Dawes,
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2014; Roehrig, Moore, Wang e Park, 2012 apud Fan et
al, 2021, p.1525).

Fan et al (2021) também define as principais
etapas utilizadas na aplicagado do conhecimento STEM
no processo de construgdo de um projeto de
engenharia, tais como: identificar um problema ou
necessidade; definir os requisitos do projeto; gerar
solucdes conceituais; avaliar e selecionar uma solucao;
desenvolver um modelo ou protétipo da solugéo
selecionada assim como testar e avaliar a solugao.
Essas etapas sao descritas como fundamentais para a
implementacéo de um curriculo STEM centrado em um
projeto de engenharia.

IV. CONSIDERACOES FINAIS

Hoje, quer na Amazbnia como em todo o
mundo, as questdes ambientais, sociais e econdmicas
nos levam a refletir a formacéo técnica e humanista do
papel do engenheiro na sociedade e o uso da
tecnologia. Contribuindo com essa discusséo, o STEM
se apresenta como possiblidade, quando critico e
reflexivo, de pensar um ensino pautado em situacoes
reais que levam o futuro profissional engenheiro a
refletir as possiveis consequéncias de suas tomadas de
decisdes frente a sociedade, a natureza e ecossistema.

Diante deste cenério, este estudo apresenta os
desafios enfrentados pelos cursos de Engenharia em
relacdo ao STEM, apontando a falta de formagao
adequada dos professores para trabalhar com CTS e a
dificuldade em integrar essa abordagem ao curriculo.
Além disso, foi apontada uma tendéncia em reduzir a
abordagem CTS a um conjunto de técnicas ou
atividades pontuais, sem considerar sua dimensao
critica e reflexiva.

Neste contexto, € de fundamental importancia
relacionar a educagdo STEM a CTS, pois esta
interconexdo pode ajudar os estudantes a entenderem
Ccomo essas areas estao interconectadas e como elas
se aplicam no mundo real, 0 que é um dos objetivos da
crs.

E fundamental refletir que quem trabalha com a
abordagem STEM no ensino de engenharia com
enfoque CTS, reconheca o processo dialdgico, sem
receita pronta ou uma metodologia a ser seguida, mas
aponta possiblidades de encontrar seus proprios
caminhos para promover suas experiéncias.

Dessa forma, entendemos com este estudo
que a abordagem integrada pode ajudar a desenvolver,
quer em docentes e discentes, habilidades importantes,
como resolugdo de problemas com um pensamento
critico e colaborativo, contribuindo para a formagéao de
individuos comprometidos com o meio ambiente e com
uma sociedade mais justa e humana. E o dmbito das
Engenharias é sensivel a esta construgdo. Portanto,
destacamos ser de fundamental importancia que os
cursos de Engenharia incluam essa abordagem em

seus curriculos e que o0s
capacitados para trabalhar com ela.

professores  sejam
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Application of Differentialintegral Functions

Alexey S. Dorokhov %, Solomashkin Alexey Alekseevich °, Vyacheslav A. Denisov *
& Kataev Yuri Vladimirovich ©

Summary- The article is devoted to the development and implementation of new mathematical functions, differentialintegral
functions that provide differentiation and integration operations not only according to existing algorithms described in textbooks
on higher mathematics, but also by substituting a certain parameter k into formulas developed in advance, forming the necessary
derivatives and integrals from these formulas.

The Purpose of the Research: The expansion of the concept of number, in particular, in classical mechanics, physics, optics and
other sciences, including biological and economic, which makes it possible to expand some understanding of the essence of
space, time and their derivatives.

Materials and Methods: The idea of fractional space, time and its application is given. The usual elementary functions and the
Laplace transform were chosen as the object of research. New functions, differentialintegral functions, have been developed for
them. A graphical representation of these functions is given, based on the example of the calculation of the sine wave. Examples
of calculating these functions for elementary functions are given. Of particular interest is the differentialintegral function, in which
the parameter k is a complex number s, s = a + i - b, although in general, the parameter k can be any function of a real or
complex argument, as well as the differentialintegral function itself.

Research Resulfs: As a result of the research, it is shown how the Laplace transform and Borel's theorem are used to calculate
differentialintegral functions. It is shown how to use these functions to carry out differentiation and integration. It is presented how
fractional derivatives and fractional integrals should be obtained. Dependencies for their calculation are obtained. Examples of
their application for such functions as cos(x), exp(x) and loudness curves in music, Fletcher-Manson or Robinson-Dadson curves
are shown.

Conclusions: Studies show the possibility of a wide application of differentialintegration functions in modern scientific research.
These functions can be used both in office and in specialized programs where calculations of fractional derivatives and fractional
integrals are needed.

Keywords: differentialintegral functions, derivative, fractional derivative, integral, fractional integral.

[. INTRODUCTION

n modern sciences, such as mathematics, physics, astronomy, economics and other sciences, there is little use

of differential functions in calculations, because with the help of fractional derivatives and integrals, very few

physical, natural, social and other processes are described that use not only the first and second derivatives,
single and double integrals, but fractional derivatives and fractional integrals. So in classical mechanics, the first
derivative is used as velocity, the second as acceleration, and the third as a jerk. A one-time integral is used to
calculate the area under the curve, the mass of an inhomogeneous body, a two-time integral is used to calculate the
volume of a cylindrical beam, a three-time integral is used to calculate the volume of the body.

They can be found in the equations of mathematical physics, where, in particular, generalized functions and
convolutional operations on them are used, and in spectral analysis, and in operational calculus based on integral
Fourier and Laplace transformations, and in many other methods where differentiation and integration of functions
are used.

The basis of all these concepts is the derivative and integral’. Two mathematical operations that are
"opposite" to each other, like addition and subtraction, multiplication and division. Two "reciprocal" functions like
sin(x) and arcsin(x), x* and v/x, € and In(x). Two mathematical operations that logically complement each other, the
derivative of the integral does not change the integrable function, as does the integral of the derivative, leaves it
unchanged.

Let us recall the symbols on graphs and in computer programs. Like any mathematical operation, they have
their symbols (designations) on a piece of paper, like ordinary symbols on a computer screen. So, differentiation is
denoted as y’ or d/dx, and integration is [ y(x)dx. In this case, a one — time integral is denoted as [ y(x)dx , and a
two - time integral is [f y(x)z(t)dxdt. With the derivative, the situation is more complicated, it has two designations:
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' And also, definitions of derivatives/integrals based on such concepts as the Riemann-Liouville, Grunwald-Letnikov and Weyl differentialintegrals.
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y' and d/dx. Figure 1 shows (as one of the options) the currently existing designations of differentials and integrals,
widely used in the literature.

; 1)

y y' y
P
d — (2)
y d_Xy d X2
f fay fo W fy ()
0,46 0 -1 -1,35 -2
<-0,46> <0 <+1> <+1,35> <+2> (4)
e B Xmmmmmmmmmmmmmnm e |-=mmmmm e e E— Xmmmmmmmmmmmmm e |-------- >
- 0,46 0 +1 +1,35 +2

Figure 1: Notation of integrals and derivatives

As can be seen from Figure 1, all the variety of these notations has one property common to all: they try to
reflect in various ways, either with the help of numbers or graphically, the order of derivatives or the multiplicity of the

integral.

In order to unify the record of derivatives and integrals, consider them relative to a certain numerical axis "K"
(Figure 2), where the value of the parameter k corresponds to the multiplicity of the integral or the order of the
derivative. So, in this scenario of notation, k = -7 corresponds to the designation of a single integral [ y(x)dx from
the 2nd line and the designation of the same integral 7 ,*y from the 3rd row, and for k = 7- we have the designation
of the first derivative y' from the 1st row and the designation of the same first derivative d /dx from the 2nd row.

The third line contains the notation of differentials and integrals based on convolutional operations of
generalized functions: y* = f , *y, where k >0, a value unequal to an integer is called a fractional derivative of order
k. An expression of the form: y,, = f, * y is called a primitive of order k, i.e. an integral of multiplicity k [1].
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<135> A
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Figure 2: Notation of derivatives and integrals for a parabolay(x) = x?

At the same time, all derivatives, including fractional ones, having a negative index, are located on the
numerical axis on the right, and all integrals with a positive index - on the contrary, on the left. It was possible to
arrange the designations differently, change the plus to minus, but the essence would not change at the same time.
There are many types of symbols, binding to the numeric axis requires clarification.

To bring these notations in line with the numerical axis 'K", the 4th line contains universal notations for
derivatives of any order and integrals of any multiplicity, using angle brackets.

The angle brackets denote the order of the derivative or the multiplicity of the integral, for example, y=% =
y(x) is the function under study, and y="> =[ y(x)dx is its integral, multiplicity 1. So y=?>= d?/dx? = y" is the second
derivative, and y <%~ is the integral, multiplicity 0,46. For example, a certain derivative of the order of 1,35 is
denoted as y ="*~. In other words, if there is a positive number in the angle brackets, it means it is some kind of
derivative, and if it is negative, it means it is an integral. And it is easy to read, and it is located correctly on the
numeric axis: negative values of the k index are on the left, and positive values are on the right. This form of writing
integrals and derivatives is very convenient, for example, for their designation on graphs or diagrams.

Figure 2 shows an example of the notation of derivatives and integrals for the parabola y(x) = x°.

In addition to notation on graphs, this method can be used for programmers writing programs in various
programming languages, for example,

int main () {
floaty, u, z;
int n3;

z=y (4) <1.5>;
u=n3 <-0,25>;

where y =%~ is the derivative of the function y(4) of order 1,5 and n3 =%~ is the integral of multiplicity 0,25 of the
function n3.
In Figure 2, the integral of multiplicity 0,46 and the derivative of the order of 7,35 are shown for x > 0.

It should be borne in mind that when calculating a derivative of a "high" order, say, 723 orders —y
previously it was necessary to perform 722 differentiation operations beforehand. This is due to the fact that the
definition of the derivative/integral implies an increase in the order of the derivative/integral by only 1. It is impossible,
using the existing definition of the derivative, to immediately calculate a high-order derivative from it. Only with the

<123>
]
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help of sequential multiple calculations can the order of the derivative be increased to the desired value. The same
applies to integration.
[I. MATERIALS AND METHODS

This method of calculating derivatives reduces the efficiency of using the differentiation operation, for
example, in series expansions, because it requires calculating derivatives of a "high" order, and this is time-
consuming and involves calculation errors. Therefore, in such calculations, only the first few terms of the
decomposition are taken, and the rest are discarded, which increases the calculation error.

As for calculating integrals, especially multiplicities greater than 2, this is an even more difficult task. Thus,
the lack of a simple, reliable and accurate method of differentiation and/or integration significantly hinders
computational progress in mathematics.

The same problem is observed in physics. Many laws of mathematical physics, most often appearing in
simple, accessible calculations, are based on the use, mainly, of the 1st, maximum 2nd derivative (for example,
current/ = dqg / dt, force F = m - &/ dt?) and a single integral, for example, voltage across the capacitor u(t) = 1/ C
Ji(t)de.

It is very rare in everyday physics or mathematics to find a 3rd derivative or a 3-fold integral. This does not
happen often. One of the ways to use a 3-fold integral is the Ostrogradsky-Gauss integral to calculate the volume of
a body if the surface bounding this body is known.

And if you look more broadly, then neither in physics nor in mathematics have the everyday laws of the
universe using fractional derivatives and integrals been discovered so far, because their calculation is fraught with
great difficulties [1]. At the same time, it is possible that all the diversity of the world exists exactly there, in a
fractional dimension, which can be described and studied, precisely with the help of fractional (analog), and not
integer (discrete) integrals and differentials.

Take, for example, the mechanism of describing multidimensional structures, for example, multidimensional
space. Our 3-dimensional space and one-dimensional time are described by discrete (integer) coordinate values, in
this case one and three. At the same time, the question of the existence of a space having, not 3, but, say, 2,345
coordinates is of great scientific and practical interest. In other words, the structure of a special "fractional" space, no
longer two-dimensional, is a plane (because to describe the plane, you need 2 coordinates, and we have more —
2,345), but also not a three-dimensional volume (where 3 coordinates are needed), i.e. something average between
the plane and the volume. It is very difficult to imagine such a structure. In nature, such a space does not seem to
exist.

It is even more difficult to determine the velocity or acceleration in such a space, i.e. to describe the
kinematics of the motion of bodies. If it is possible to define the force in such a space (or to use the already existing
classical method of specifying forces), then we can count on success in creating the dynamics of such structures,
i.e., in other words, to create the mechanics of multidimensional space. At the same time, our classical 3-
dimensional mechanics will turn out to be a special case of a more general mechanics — the mechanics of
multidimensional spaces. This can be said about other physical laws of the universe.

And whether our idea of the world will change with the emergence of a new, more general, idea of space.
So far we don't know much about this, because our concepts are tied to a three-dimensional dimensional space,
and all the diversity of the world "lies" in a multidimensional "fractional" world that has not been studied at all.

A number of legitimate questions arise:

- What kind of space is "located", say, between a plane (2-dimensional space) and a volume (3-dimensional), i.e.
a substance with the dimension of space R, where 2<R <37

- What kind of physical quantity, which is between speed and acceleration between y <'> and y %> from the
move, i.e. a physical quantity, defined, for example, the fractional derivative of y <"***, the order of 7,23 (not 1 or
2)?

- Whether Newton's laws are applicable to the so-called fractional space?

- How will the definition of force in fractional space change (if it changes)?

- Will'it be possible to apply the classical laws of mechanics to fractional space, or will it be necessary to create a
new, more general, mechanics of the macro and microcosm?

- Will the interaction between space and time change if we "replace" the classical concept of space with a
fractional one?

- Will there be changes in Einstein's theory of relativity and will the concepts of "gravitational, electromagnetic and
other interactions" and much, much more remain the same?

Answers to these and other questions can be obtained if you have a convenient apparatus for calculating
derivatives/integrals of any order/multiplicity, including fractional ones. In other words, it is necessary to create such
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a calculation algorithm, simple and convenient, especially for novice researchers, where instead of calculating
integrals/differentials, it would be possible to use the usual substitution of numbers, in which the desired order or
multiplicity could be set without performing calculations, but simply substitute the desired parameter into the desired
formula and get a ready derivative/integral without their calculations, i.e. immediately. Such a tool, which could be
called, for example, functions - SL(x, k), would greatly simplify the process of calculating derivatives and integrals
and significantly expand the boundaries of our knowledge.

First, we introduce the concepts of a differential integral function based on the definition of a differential
integral. The differential integral function SL (x, k) is an ordinary function of several arguments, where, separated by
commas, its arguments (in this case one — x) and the parameter k, the order of future derivatives and/or the
multiplicity of integrals are indicated?.

For example, for a parabola y(x) = x?, such a differentialintegral function SL(x, k) will have the form?.

x2—k

SL(x, k) = 2"

r3—k) (1)

where, x is the argument of the function,
k is a parameter that specifies the order of the derivative or the multiplicity of the integral.

This is the differential integral function of a parabola, the usual function of 2 arguments, argument x and
parameter k. It represents a whole set of integrals and derivatives of any order and multiplicity* (the main, mother
function). How to use it? You need to set the parameter k and get the desired derivative or integral.

For example, for a parabola, we substitute k = 0 into it. Then, for k = Oy (x, k) = X% (I (3 - k) = 2)°the
function (parabola) does not change. When k = 1y (x, k) = 2x and the parabola is transformed into its 1st derivative -
y =" When k = -1y (x, k) = x%/3 and the function becomes its one-time integral -y =7’~, and for k = -2 y (x, k) =
x*/12 - double -y =2~. No calculations, just substitution.

Fractional derivatives and integrals are of particular interest, because there is no simple and reliable way to
calculate them, except for the method indicated above [2]. In this case, the method of obtaining is the same. To
calculate them, it is enough to substitute the necessary value of the derivative instead of the parameter k, for
example, k = 0.123 and the parabola becomes its derivative of the order 0.123 -y <0.123>:
x2-0123

SLOx k) =2t s

float,3 - 1,12 2
If it is necessary to obtain an integral of multiplicity 3,45 - y <%~ it is enough to substitute k = -3,45 into the

differential function (1) and the parabola becomes its integral of multiplicity 3,45 - y <%%~:

x2+3A5

"T(3+345)

SL(x, k) := 2 float,3 — 7,606073x5* )
This method of calculating fractional derivatives is no different from the method of obtaining integer
(discrete) derivatives — the same substitution. There is no difference between an integer or fractional
derivative/integral. Simple substitution to get a given result.
Consider another example: y(x)=sin(x). For a sine wave, the differentialintegral function SL(x,k) will have the
following form:

SL(x,k) :=sin (x + k -g) (4)

This is a sine wave whose phase shift depends on the order of its derivative/multiplicity of its integral. Atk =
0, the sine wave does not change, at k = 7, and becomes cos(x), i.e. its the first derivative is y =<', and at k = -7 it
becomes -cos(x), i.e. its integral is y =7'>. At -1<k <7, the function occupies an intermediate position between -
cos(x) and cos(x), including sin(x) at k = 0.

The differential integral function for the sine wave (4) is a graphical representation of the differential integral
function, namely, the parameter k represents a part of the right angle for unit orts. At k = 7, the function SL(x,7)
becomes the 1st derivative, such a unit ort is perpendicular to the abscissa axis, and at k = var it is a fractional
derivative of k order and the angle k (in values from 0 to 1 or in % of 90 degrees) it is only a part of the right angle.

For the exponent y(x) = €%, the differential integral function SL(x, k) does not depend on k and all its
derivatives and integrals are equal to each other and equal to the exponent itself.

2 Here SL(x, k) is another form of writing a power differential function, different from writing the formy=<<.

3 Here and further calculations are performed in the MathCad program, so it uses a dot in its formulas instead of a comma.

* As the latter, there may be the differentialintegral functions themselves. In this case, the parameter k can also be a complex value.
® G(x) - gamma function.
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These examples can be summarized in Table 1, where its derivatives and integrals are given for some
elementary functions.
Table 1: Examples of calculation of derivatives and integrals

y<—1> y<'0.5> y<O> y<0.5> y<1.5> SL (X, k)
[N+ X" | [(n+1)x"708 . [ (n+1) x™0® [(n+1)x+1e [ (n+1) x™
r(n+2) r(n+1,5) r (n+0,5) r (n-0,5) r(n+1-k)

3 25 2 15 05 2 X
x/3 0,601x X 1,504x 2,256X r (3k)

e e e e e e
sin(x-1/2) sin(x-0,51/2) sin(x) sin(x+0,51/2) sinx+1,5m/2) | sin (x+k1/2)

Differential functions can be a function of 2 or more arguments, for example, SL (x, y, k), where (x) and (y)
are two arguments of the same function: SL (x, y, k,, k) = 2 - k, + (x —y) - k, and k, and k- are still a parameter. In
addition, any continuous elementary function can be used as a parameter, including the same differential integral
function, for example:

Gy, k1, k2) = " (yk1+Z2k2) 5)

Of particular interest is the differential integral function, in which the parameter k is a complex number s, s =
a + i - b, although in general, the parameter k can be any function of a real or complex argument.

[1I. RESEARCH RESULTS

To obtain the differential integral function, we recall the Laplace integral transformation and Borel's theorem.
The integral Laplace transform has the form
LIF@®] = F(s) = [ f(®e™tdt = [f(t) - e~ dt] < >oses 6)

where s = a + i * b is a complex quantity. Here f (f) is the original function, and F(s) is its Laplace image. This is a
direct conversion of the original into an image. The inverse Laplace transform

g+ir©

f@) = % eStF(s)ds = [eSt - F(s)-ds]< 1Po-in<oti= (7)

it is necessary to find the original of the function by its image.
Let's consider one of the main properties of this transformation — the differentiation of the original function.
Let L[f(t)] = F (s). Let's find L[f(!=""], where f(t)~""- is the 1st derivative, and L[f (t)~""]- is its image.
L[f(t)<1>] - [f(t)<1> ,e—stdt.]<—1>0<t<90 — e—st 'f(t)o i< + s- [f(t) . estdt]<—1>0 <t< o (8)

If for t-> o0 the function f (t) increases no faster than M * e*, then
e *f () >0 for t> and is equal to f (0), and

LIf@®)"]=s*F(s)-1(0) ©)
Forf(0) =0
LIf@®)="]=s*Fs) (10)

and the differentiation of the original function corresponds to the multiplication of the image of the function by s. Let's
consider another important property — the integration of the original.

If g(t) = [f(t)dt]~"",-..,then under zero initial conditions g (t) "> = f (t) and
Llg()=""] = L[f®)] = s *L[g()] = s * L[[f(x) dg ~""p ey (11
Since L[f(t)] = F (s), then
L{[f(@*dd] " oceee =F(S)ls (12)

that is, the integration of the function corresponds to the division of the image F (s) by s.
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Taking into account expressions (14) and (16), we can conclude that the operations of
differentiation/integration of the original can be replaced by algebraic actions (multiplication/division by s) on their
images [3]. Thanks to this replacement, this method has found the widest application in integral and differential
calculus [4].

However, the case is of particular interest when the function is represented as
L[f @] = F(s)/(s™) (13)

that is, the image is divided by (s-k). In this case, depending on k, we get fractional derivatives/integrals. For k> 0,
fractional derivatives of the order k are formed, and for k <0, fractional integrals of the same multiplicity are formed.

LIF@®)] =25 = 1/(N(=k)) (14)
SL (x, k) = L[f@1)] (19)

These expressions (18) and (19) define fractional derivatives/integrals of order k, and are the differential
functions of the desired function f(t). Examples of these functions are shown in Table 1.

Let's consider some examples of the use of differential integral functions in solving approximation problems.
Suppose must be approximated by a power series pad_cos(x) in a neighborhood of the point x0, the function cos(x),
and choose the polynomial coefficients a,...a; soO as to minimize the mean square error of approximation of this
polynomial are:

_COS(X) =@y + a;X + ayX°+ a;x® + a;x* + a;x° (16)
and at the selected point is known for its derivatives and differentials, as an integer and the fraction.

To do this, we fulfill the approximation conditions according to which the value of the polynomial _cos(x) and
its fractional derivatives (for simplicity of calculation, only six (5) derivatives are used®. To increase the accuracy, you
can use more, for example, several dozen derivatives, the computer allows it. Instead of derivatives, its integrals can
also be used in the same way) in the vicinity of a given point x0, from the domain of the polynomial definition, should
equal the corresponding values of the desired function cos(x) and its fractional derivatives (and integrals). 2 points
are selected as points —x = 3and x = 75.

The fractional derivatives/integrals for the elements of the polynomial are defined as

I(n+1)x" "k

SL(x,n k) = r(n+1-k)

where x -is the matrix of diagnostic information;
n - is the exponent of the polynomial;
k- is a parameter that sets the multiplicity of the integral or the order of derivatives.

Further, solving a linear algebraic equation of the form:
a =A1"B1 (18)

we obtain the solution of this equation in the form of the desired coefficients a,...a5 (Application A Figure A.1).

The solution was made in the MathCad program, the calculation listing is given for the point x = 3 and
additionally for x = 15.

Another example. In addition to the approximation at a point, using the differential integral functions, it is
possible to approximate on a given segment. Examples of this approximation are given below.

Let it be necessary to approximate, for simplicity, the known functions cos (x) and the exponent exp(x), as
well as cos(x) on the plot 4 <x <6, as well as volume curves, according to the type of Fleicher-Manson or Robinson-
Dadson curves. For ease of calculation, we approximate 6 points for 2 cos (x) functions, 4 (four) points for the
exponent exp(x) and 23 for volume curves.

For a sine wave, the desired points will be of two types. In the first case, these are the points -5, -4, -2, 1, 3,
5. In the second case, thisis -5, -3,-1,1, 3, 5.

We will approximate the sinusoid with a polynomial (17).
Exponent — exponent.

®To approximate in this case, it is to decompose into a power series using differential integral functions in the vicinity of the point x,, bearing in
mind that these points are the values of the function f (x) = cos (x).
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APPLICATION OF DIFFERENTIALINTEGRAL FUNCTIONS

For the first case, for points -5, -4, -2, 1, 3, 5 the initial data obtained by formula (17) will have the following form.

0.615

1 -5 25 -125 625 3125 cos(-5) 0207

1 -4 16 -64 256 —1024 cos(—4) o5

1-24 -8 16 -3 cos(—2 _ _
A2 = B2 = -3 b2 — A2 Lz b2= -0.036

111 1 1 1 cos(1) 3

13 9 27 8 243 cos(3) 9.731x 10

15 25 125 625 3125 cos(5) 1117x 16 °
As aresult of calculating the series rjad_cos (x), we get the values of cos (x).

rjad_1_cos (x) := b2y + b2y + b2, - x? + b25 - x3 + b2, - x* + b2 - x° (19)

The graphs of these two functions cos (x) and rjad 7 _cos(x) and some values of these graphs are shown in Figure 3.

fad_1_c0s(x) \\ /——\ /
aos() \/ 0 \ 5

X

Figure 3: Values of the functions-rjad 7 _cos (x) and cos (x)

rjad_1_cos (—5) = 0.284 rjad_1_cos (—4) = —0.654
cos(—5) = 0.284 cos(—4) = —0.284
rjad_1_cos (—2) = —0.416 rjad_1_cos (—1) = 0.54
cos(—2) = —0.416 cos(—1) = 0.54
rjad_1_cos (3) = —0.99 rjad_1_cos (5) = 0.284
cos(3) = —0.99 cos(5) = 0.284
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For another cosine, for the values -5, -3, -1, 1, 3, 5 the initial data obtained by the formula (17) will have the
following form:

SL(_XO,_nO,O) SL(—XO’—nl’O) Sl_(_xo,_nz,o) SL(_xO,_nS,O) SL(_XO,_n 4,0) SL(_XO,_nS,O)
SL(_xl,_nO,O) SL(_xl,_nl,O) SL(_xl,_nz,O) SL(_xl,_nS,O) SL(_xl,_n 4,0) SL(_xl,_nS,O)
SL(_xz,_nO,O) SL(—XZ’—nl’O) SL(—XZ’—nZ’O) SL(_XZ,_n3,O) S|_(_x2,_n 4,0) SL(—XZ’—nS’O)
A3 SL(_xs,_nO,O) SL(—XS’—nl’O) SL(_xs,_nZ,O) SL(_xs,_ng,O) SL(_x3,_n 4,0) SL(_xg,_nS,O)
SL(_x4,_n0,o) SL(_X4,_n1,O) SL(_x4,_n2,o) SL(_x4,_n3,O) SL(_x4,_n 4,0) SL(_x4,_n5,o)
SL(_XS,_nO,O) SL(—XS’—nl’O) Sl_(_xs,_nz,o) SL(_x5,_n3,O) SL(_XS,_n 4,0) SL(_X5,_n5,O)
cos(-5) -5
cos(-3) -3 !
cos(-1) -1 d= A3 - B3
B3 = X=
cos(1)
cos(3)
cos(5)
rjad_2_cos(x) = dy + dyx + dyx? + d3x3 + dyx* + dsx® (20)

The graphs of these two functions cos (x) and rjad_2 cos(x) and some values of these graphs are shown in Figure 4.

T
cos(X)
rjad_2 cos(X)
X
Figure 4: Values of the functions - jad 2 _cos (x) and cos (x)
rjad_2_cos (—5) = 0.284 rjad_2_cos (1) = 0.54
cos(—5) = 0.284 cos(1) = 0.54
rjad_2_cos (—3) = —0.99 rjad_2_cos (—3) = —0.99
cos(—3) = —0.99 cos(3) = —0.99
rjad_2_cos (—1) = 0.54 rjad_2_cos (5) = 0.284
cos(—1) = 0.54 cos(5) = 0.284

If we look at the same graphs in other coordinates, we can say that at these points the graphs coincide with
their values, and at other points they do not, and they differ significantly.
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APPLICATION OF DIFFERENTIALINTEGRAL FUNCTIONS

|
daloes TN
oos() a ifo" o = 10
| i

Figure 5: Values of the functions-rjad_1_cos (x) and cos (x)

The values of these two functions-rjad 7_cos(x) and cos (x) in other coordinate systems coincide only in this
section in = 2mt, and for other values of the argument they differ greatly.
Figure 6 shows the values of these two functions rjad 2 cos(x) and cos (x).

In the given figure shows that the values of these two functions rjad 2 cos(x) and cos (x) in different
coordinate systems coincide only in this region of = 6, and for other values of the argument vary greatly.

This suggests that approximation by differential integral functions is possible both at a point and at a certain
area. The approximation error is minimal and can be reduced by increasing the number of terms of the polynomial.

cos(X)

rjad_2_cos(X)

Figure 6: Values of the functions-rjad 2 cos (x) and cos (x)
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The exponent can be approximated by the exponent itself. An example is shown below in Figure 7.

n c 1 =2 K
0 1 2 3 1
il € 119x 10°
0 1 2 3 2
27 2 2 2 e _ 3
Al = Bl = a=A1 l.B]_ a=| 196x 10
e ol & e’ 86371
100 101 102 103 elO 89.924
k=(127 10
2.718
7.389
" | 2007 x 10°
2203x 10°
rjad_exp(x) :=ay + a; x + a,x* + azx3 (1)
rjad_exp (1) = 2.718 el =2.718
rjad_exp (2) = 7.389 e? =7.389
rjad_exp (7) = 1.097 x 103 e’ =1.097 x 103
rjad_exp (10) = 2.203 x 10* el? =2.203 x 10*
Figure 7 shows the values of these two functions - jad_exp(x) and exp ().
4x10% " /
rjad_exp(X)
& 210"
| 5 10 15

X

Figure 7: Values of the functions - jad_exp (x) and exp (x)
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The graph of the cos(x) function on the section from x = 4 to x = 6 and the initial data are shown below in Figure 8.

_ -k The set point -
k1=1+110 ¢ XX rm+ 1) point -
SL(x,k,n) = ————= .
'n-k+1) p=<
3 4 5
1 u u H u
W 0.25 . o) lLl1—0.25 21 6-},13_0'25 5 4-u4_0'25 120-|u5_0'25
r(1-025 TI(2-025 I(3-025 I(4-025 I(5-025 TI(6-0.25
-05 1-05 3-05 4-05 5-0.5
po (@ 2p 6p 24 120
(1-05 TI(2-05 TI(3-05 TI(4-05 TI(5-05 TI(6-05
Al = - - _ _ _
" 0.75.1_(1) lLl1 0.75 21 6-|u3 0.75 24.M4 0.75 120.Hs 0.75
r(1-075 TI(2-075 I(3-075 I(4-075 TI(5-075 TI(6-0.75)
- k—1~r(1) ul_l 21 6-u3_1 24‘M4—1 120H5—1
ri-k1 r@-17 T1@B-1) TI@Al-1) T16-1) (6 -1)
W 125 a u1—1.25 21 6_11371.25 5 4_M471.25 120_Iu571.25
r(1-125 T1(2-125 I(3-125 I(4-125 TI(5-125 TI(6-125
T _
cos| u + O.OO-E) a= Al 1B1
cos| u + 0.25'1
2
cos| u + 0.50-%)
Bl =
T
cos| u + 0.75—
2
cos| u + 100~
2
cos| u + 1.25-1
2
2 3 4 5
_cos(X) = 8yt X+ Ay X+ ayX +ayX +agX (22)

_cos (5) = 2,836622-10"
cos (5) = 2,836622:10
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cos(x)

cos(x) B 4 5 55 6

X

Figure 8: Values of the functions — cos(x) and _cos (x)

Additionally, the application of differential integration functions in music, curves of equal loudness, for
example, Fletcher-Manson curves or Robinson-Dudson curves, Figure 9, is presented.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23
KRG= 0 2 40 63 100 160 200 250 315 400 500 630 800 1-103(1.25-103| 1.6:103| 2-103| 2.5-103|3.15-103| 4.103| 5.103| 6.3-103| 8.103| 1.104|1.25:10
1| 2996 3.689| 4.143| 4605| 5075 5298| 5521 5.753| 5991| 6.215| 6.446| 6.685| 6.908| 7.131| 7.378| 7.601| 7.824| 8.055| 8.294| 8517 8.748| 8.987 921 943
2 119] 1053 984 25 878 85.9 84.3 829 8L7 80.9 80.2 .7 80 825 83.7 80.6 779 7.1 783 816 86.8 914 917 85.
n—k i=0.2¢
X [I'(n+1
SL(x,n,K) = x _Th+b . ; 0,2,7,11,12,14,16,17,19,21, 22, 2¢
I'(n -k +1) j =0.2¢
k:=C
0 2.9% 119
1 4143 984 _A=for je0.11
2 5.753 829 for ie0.11
3 6.685 79.7 _SL(i,j) « SL(xl,nJ. ,o)
4 6.908 80
= Als
5 7.378 837 a=
n:= X = y =
6 7.824 779
7 8.055 771
8 8517 816
9 8.987 914
10 921 917
11 9.433 85.4
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2 3 4 5 6 7 8 9

A+ apX+ X +agX +ayX +agX + X +ayX +agX + agX +ay X +a,X

rjad(x) :
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SPL.dB
140
120
Ly
rjad(x)
100
N,
e,
20 "g._.____/‘\.
pry
1] 2 4 6 g 10
f-frec, Hz
E.X

Figure 9: Curves of equal loudness _y, dB and a curve approximating them rjad( x), Hertz

From the materials presented in the figures, it can be seen that for a given number of points, the
approximation is satisfactory.

IV. CONCLUSIONS

Differential integral functions, this is the Riemann-Liouville differential integral, written in a convenient form,
as a function of two variables’: the usual argument x and the parameter k, which sets the multiplicity of the integral
or the order of the derivative. These functions allow you to calculate the desired integral or derivative by substituting
the parameter k into the established formula. The formula does not change, only one parameter changes. Classical
tables of integrals and differentials are not required. Only tables of pre-prepared formulas of differential functions are
used, which can be represented in simple calculations in the form of icons, and in the form of SL (x, k) functions in
computer programs written in programming languages such as VBasic, C++, Excel, MathCad, Python, etc.

These differential integral functions are of great practical importance, for example, they allow us to
approximate a certain given function in the vicinity of the desired point (by the type of decomposition into a Taylor,
Maclaurin, Fourier series or Z transformation) or on a segment. At the same time, the conditions of equality of not
only the function itself, but also the selected derivatives and differentials, integer and fractional, are observed at the
desired approximation points themselves.

Examples of approximation of some elementary functions are shown, for example, using a standard
polynomial. It is also possible to approximate trigonometric, power functions and their combinations.

To simplify working with differential integral functions, they can be represented in two forms: for a graphic
image-as a function with angle brackets, and for writing in the program text-as a function SL (x, k) of two or more
arguments (Application B).

" There may be other parameters, for example, integration limits, constants, etc.
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k1=1+110

k=0 ->
k=0,25 ->
k =0,50 ->
k=0,75 ->
k=1,00 ->
k=1,25 ->

cos| n + 0.00

c +

c +
Bl =

c +

c +

cos| nu + 1.25

Al =

APPLICATION A

n-k

T 1 The set point -
SL(xk.n) = X T+ point-
I'(n —k+1) w=3
2 3 4 5
1 H H H 0 H
“— 0.25.1_(1) H1—0.25 2'H2_0'25 6'u3_0'25 24‘l~l4_0'25 120‘115_0'25
(1-025 TI(2-025 I(3-025) TI(4-025 I(5-025 T(6-0.25)
H_ 0.5.1,(1) M1—0.5 2.M2—0.5 6'H3_0'5 24.M4—0.5 120.M5—0.5
rL-05 T1(2-05 TI(3-05 TI(M@4-05 T(B-05 T(6-05
“— 0'75-F(1) M1—0.75 2.“2—0.75 6'M3_0'75 24~p,4_0'75 120~p,5_0'75
I(1-075 TI(2-075 TI(3-075 I(4-075 TI(5-075 TI(6-0.75)
" k_1_r(1) M1—1 2-u2_1 6-|u3_1 24-u4_1 120~u5_1
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Figure A.1: Decomposition of the function cos (x) into a series _cos(x) in the vicinity of two different points 4 =3
andu = 15

The system consists of the polynomial cos (x) and its six fractional derivatives ki, with a maximum multiplicity
of 1.25. The order of the derivatives of k changes after 0.25.
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APPLICATION OF DIFFERENTIALINTEGRAL FUNCTIONS

APPLICATION B

Differential integral functions of SL().
The text of the VBasic program for calculating the differentialfunctions of SL() is given below.
The text of the program in VBasic for calculating the differential functions of SL ().

Option Explicit

Dim n, k As Double

Dimin_n, in_k As Double

Dim Message1, Title1, Default, MyValue
Dim Message?2, Title2

Dim MathcadObj

Dim MCWSheet

Private Sub Form_Load ()
Form1.Enabled = True
Form1.Cls

Form1.Visible = False
Form1.Appearance = 0
Form1.WindowState = 2
Call nk

End Sub

Private Sub nk ()

Message1 = "Enter the degree <n> for the power functiony = x~n"
Title1= "Default n =2"

Default= "2"

MyValue = InputBox (Messagel, Title1, Default)

n = CDbl (MyValue)

Message2 = "Enter K. If K < 0, then it is an integral of multiplicity K, and if K > 0, then it is a derivative of order K"
k = InputBox (Message?2, Title1, Default)

Call Gam

End Sub

Private Sub Gam()

'Setting a custom function

Set MathcadObj = OLE1.object

Set MCWSheet = MathcadObj.Worksheet
inn=n

in k=k

Call MathcadObj.setcomplex('in_n", n, Q)

Call MathcadObj.setcomplex('in_k", k, 0)
'Recalculating results in MathCad and getting a custom SLFunctions function
Call MathcadObj.Recalculate

'End of the program

Dim Msg, Style, Title, Response

Msg = "Continue? Yes'

Style = vbYesNo + vbCritical + vbDefaultButton2
Title = "The program has finished working. Viewing the result"
Response = MsgBox (Msg, Style, Title)

If Response = 6 Then Form1.Enabled = False
Set MathcadObj = Nothing

Set MCWSheet = Nothing

End

End Sub
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Below, as an example, is a table (Table 1) with the results of calculating the differential functions on VBasic,
where n is the exponent of the power function, and k is the parameter of the differential function. For k < O it is a

fractional integral, k = 0 is the parent function, and for k > 0 it is a fractional derivative.

k=0.pdf

Table B.1: Values of functions x%'%, x, x"**and sin(x)
PDF File n k Figure
n=in_m m= 0123
k:=in_k k=-1.03
kGin, kj = u nkin,k} :
Cim+ 1 — k)
yix,n, k) = kGi{n, k) x"“"'kl yix,m, k) Aoat, 3 -ir
(01123) <-1,93> s
Fractionalintegral 1.1
l.l"-
| OOF |
@ 0,123 -1,93
40
SLFunction n=0,123
k=-1,93.pdf ytx.n.kh
1 5 1 |-
= 1m_m o= {123
k:=in_k k=10
kliin, k] = M nkin.kj = n -
Cinm+ 1 — k)
wix,n. kp = k(G{n. k) :»':"“"'LI yix,n. kp float, 3 i
0,123 <0 .
Maternalfunction No.
1
LECF | 0,123 0
F
SLFunction n=0,123 )
yiw.n. kb
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= in_m n= 1234
k:=in_k k =137
I'in = 11
kG(n k)= —— 1
Cin + 1 — k)
nkin, ki

yix,n,k} = kGin k)-x

nkin.ki:=n-k

yix.n k} Moot 3 — L1K-x

dLEnd

(O 123)<0,37> \ar
Fractionalderivative
1.1
| FDF |
@ 0123 | 037
SLFunction n=1,234
k=0,37.pdf i snik)
III : 3 u n ili-
K
n:= in_n n=2
k:=in k k=-=2
kGiin k) & nkin k)= n -k
Iin+1-k)
yix.n.k) = kG(n,k)-x Y y(x.0.k) float,3 — 0.0833-x"
p<-2> I HI"“
The two-foldintegral
2.1 \
.E: 2 2 \ L1 Rk If
@ | /
SLFunction n=2 soat
k=-2,pdf "
4007
2oor

10

0
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= In_i =2
k:=in_k k =—1.64
PoT g 1 L nkin k= n -k
Cim+ 1 — k)
yix,n, k} = kGi{n, k) fein, k) yix,m k) Noat, 3 — 0.14] :cj i
RiHT
2 <-1,64>
Fractionalintegral 2.2
| FDF |
-1.64 ik Iu'
SLFunction n=2 f
k=-1,64.pdf )
yix,n. k) LT ,H/
2
G ] I.'\- ]
®
ni= in_n m=2
k:=in_k k=-1
kliin, ki = u nkion.kl:=n-k
Cim+ 1 —k)
i nkin, ki R |
iz, ko= kGin k) -x yix,n, k} Moat, 3 —» 03353 -x
4o
2 <-1>
Singleintegral 2.3
| FOF |
4 201
SLFunction n=2
k=-1.pdf
yix.n, kb +
&) [£] 3 14
mlull) g
aoir-
%
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mi=in_m =2

k:=in_k k=1

TR e )
Cim+ 1 - kb

kin, k
yx.m, k) = kG{n, k) e

mkin.k)l:=n -k

yix,m, k} Aoat, 3 —» x

2 <0> i ity ¢
Maternal \ /
functionNo.2 \ /
LU f
@ : |
sLFunction n=2 M
=0.pdf win. n, ky
ain
24
1a ] :.‘\- 1o
&
= in_m n=2
k:=in_k k=1
kiiin, k] = u nkim,kl = n -k
i+ 1 -k
yix.n, k)= kGi{n, k) x"“ n, kj yix.n, kl float, 3 » 20} =
2 <1> T
The firstderivative
2.1
mﬂg o
1 Li
SLFunction n=2
k=1.pdf = ,, ﬁ 3
14N
®
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= in_m n=2
k:=in_k k=175
kGin, k) = u nkin.kjl=n -k
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SLFunction n=2
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(1 2134)<-0,45>

Fractionalintegral 3.1
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OudbdbepuHterpansHan @yHeuua Y paeHa

Fim+ 1) n=k
L LS S

yix,n k)= -3
Iin+ 1 -k)

A

SL Fun 12,34 0.xmcd

. 12,34 -0,45 _—
yix,n,kh Hoat,3 -» 0315x
SLFun 12,34
-0,45.xmcd 3
Bun aTol oyHKLWMK NpecTaeneH Ha rpadimee
LERLE | T T | T
Bl 10 |I T
o | |
Yin,n, k) 4e]0f |
3 |
RN o / 1
III 1 1 1 1
o 2 L [ B 1o
EeenuTe nokasaTens cTENeHHOW yHELKK < n >
n =
512.3"1
Beenu e NnopALoK NPOWIBOOHOA MNK UHTEpana <k =
Ong npowzsogHoW K = 0 gnAawHTerpana k <0
k= _
P
12 34<0> Oudpdhe prHTErpansHan yHELKMA Y paBHa
Maternal ke TEED ek
functionNo.3 R =g
12,34 0 121

yix,m. kb Moat,3 — 1.0x

Bua 3o dyHILMKM NpeqcTaBnNeH Ha rpadivke

yix,n, k) |

_'\u.HII‘I— ) —_

© 2024 Global Journals




APPLICATION OF DIFFERENTIALINTEGRAL FUNCTIONS

.=
512.;5-1

EpeauTe noKasatens cTeNeHHoOW MyHKLMU < n =

EeenuTe NOpAOOK NPOW3BOOHOW MNK UHTErMpana <k =
Onanpowasogrod k=0 gnawkterpana k <0

OudpdhepuHrerpansHas @yHuUuA Y pagHa

(12134)<1,75>
Fractionalderivative Il Lot e
3.1 R SRS R T
I ¥ | 12'34 1’75 vlx,m. kb Aoat,3 — Th.'i-x:" "
SLFun 12,34 i
1,75.xmcd Bua aTo A doyHELLWKA NpecTaBnNeH Ha rpadinKe
fix Ili"II T T T | T
|
L |
410 | 1
yi{x,n, k) I|I
ET / .
IIII 2 4 0 L] m
L
BeeuTe NOpAOOK NPOW3IBOAHOA MIMK MHTErpana <k =
Onga npor3soason k = 0 gnA mHTerpana k <0
koo -
154
Oudpdhe puHTErpansHan @yHEUMA Y paeHa
yix, k] = s.l:n[x - k?'l:
Sin(X) <-1,64> Lo
Fractionalintegral 4.1
yix, k) fAoal,3 —» sin(x— 2.5H)
-1,64

q

sin x -1,64.pdf

Bua aton doyHELMK NpecTagned Ha rpadivke

© 2024 Global Journals

Global Journal of Research in Engineering ( 1) XXIV Issue I Version I E Year 2024



Global Journal of Research in Engineering ( I ) XXIV Issue I Version I E Year 2024

APPLICATION

OF DIFFERENTIALINTEGRAL FUNCTIONS

BeegvTe NOpAQCK NDOWM3BOAHOA MNK MHTerpana <k =
[ns npowzeogHon k = 0 gna wHTerpana k =0

k:=

Q@

sin x 1,75.pdf

r
OudptheprHTErpansHan $yHELWA Y paBHa
yix, k) = s.i:|1|.'t + k 1::- I'
sin(x) =%~ ? It
Maternal
function No4 yix, k] loal,3 —» =in|x)
[ FOF | 0
@ Bun atol doyHEUKMK NpeOcTaBnNeH Ha rpadnre
sin x 0.pdf
4
]
L}
EBeeguTe NnopAnok NpOM3B0AHOW MNK MHTerpana < k »
Ons npov3eogHo k= 0 ona wHTerpana k<0
k= EEIL
ir1_.15
DudrepuHTerpansHan dyHkLKMA Y pasHa
Sin(X) <1,75> yix, k= M:ﬂ[ X + k.::'::
Fractionalderivative
4.1
yix, k] float,3 -» sin(x+ 2.75)
1,75

Bua aton QyHELWK NpegcTasneHd Ha rpadinee

yix. k)

© 2024 Global Journals




N2 GLOBAL JOURNAL OF RESEARCHES IN ENGINEERING: |

Global Journals Inc. NUMERICAL METHODS

”’ﬁ Volume 24 Issue 1 Version 1.0 Year 2024

Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals
Online ISSN: 2249-4596 & Print ISSN: 0975-5861

Investigating the Effects of Physical Parameters on First and
Second Reflected Waves in Air-Saturated Porous Media under
Low-Frequency Ultrasound Excitation

By Mustapha Sadouki & Abd EI Madjid Mahiou

Abstract- This simulation study investigates the impact of a 20% variation in physical parameters,
including porosity, tortuosity, viscous and thermal characteristic lengths, and two newly
introduced viscous and thermal shape factor parameters, on reflected waves at the first and
second interfaces in air-saturated porous media under low-frequency ultrasound excitation. The
acoustic behavior of air-saturated porous media is modeled using the equivalent fluid theory and
the Johnson-Allard model, refined by Sadouki [Phys. Fluids 33, (2021)]. Our results demonstrate
that a 20% variation in certain physical parameters significantly affects the reflected waves at the
first and second interfaces in the low-frequency domain of ultrasound. This study enhances our
understanding of the underlying mechanisms governing acoustic wave propagation in air-
saturated porous media, which is valuable for optimizing ultrasound-based techniques in a range
of applications, such as nondestructive testing, medical imaging, and noise pollution control in
buildings, aircraft, automobile industry, and civil engineering sectors.

Keywords: air-saturated porous media, ultrasound, physical parameters, reflected waves,
Simulation study, equivalent fluid theory, Johnson-Allard model.

GJRE-I Classification: LCC: TA705

© 2024. Mustapha Sadouki & Abd El Madjid Mahiou. This research/review article is distributed under the terms of the Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BYNCND 4.0). You must give appropriate credit to authors and reference
this article if parts of the article are reproduced in any manner. Applicable licensing terms are at
https://creativecommons.org/licenses/by-nc-nd/4.0/.



Investigating the Effects of Physical Parameters
on First and Second Reflected Waves in
Air-Saturated Porous Media under
Low-Frequency Ultrasound Excitation

Mustapha Sadouki “ & Abd El Madjid Mahiou °

Abstract- This simulation study investigates the impact of a
20% variation in physical parameters, including porosity,
tortuosity, viscous and thermal characteristic lengths, and two
newly introduced viscous and thermal shape factor
parameters, on reflected waves at the first and second
interfaces in air-saturated porous media under low-frequency
ultrasound excitation. The acoustic behavior of air-saturated
porous media is modeled using the equivalent fluid theory and
the Johnson-Allard model, refined by Sadouki [Phys. Fluids
33, (2021)]. Our results demonstrate that a 20% variation in
certain physical parameters significantly affects the reflected
waves at the first and second interfaces in the low-frequency
domain of ultrasound. This study enhances our understanding
of the underlying mechanisms governing acoustic wave
propagation in air-saturated porous media, which is valuable
for optimizing ultrasound-based techniques in a range of
applications, such as nondestructive testing, medical imaging,
and noise pollution control in buildings, aircraft, automobile
industry, and civil engineering sectors.

Keywords: air-saturated porous media, ultrasound,
physical parameters, reflected waves, simulation study,
equivalent fluid theory, Johnson-Allard model.

[. INTRODUCTION

Dorous materials have a rich history that dates back
to ancient times, and they continue to be of great
importance in modern chemistry and materials
science [1]. These materials exhibit unique properties
that make them valuable across a wide range of
applications, including biomedical, building and
construction, aerospace, and environmental domains.
Their diverse classifications, such as fibrous, granular
agglomerates, polymeric, and construction materials,
contribute to their widespread use in our daily lives.

In recent years, there has been a growing
interest in the use of porous materials due to their
versatility and unique properties. For example, in the
biomedical field [2], porous materials have shown
tremendous potential for drug delivery and tissue
engineering. The porous structure of these materials

Author o Acoustics and Civil Engineering Laboratory. Khemis-Miliana
University. Ain Defla, Algeria. e-mail: mustapha.sadouki@univ-dbkm.dz
Author o: Acoustics and Civil Engineering Laboratory. Khemis-Miliana
University. Ain Defla, Algeria. Theoretical Physics and Radiation Matter
Interaction Laboratory, Soumaa, Blida, Algeria.

allows for controlled drug release and promotes cell
growth, making them ideal candidates for advanced
medical applications. In the building and construction
industry [3], porous materials are commonly used for
insulation and soundproofing. Their ability to absorb
sound waves through viscous friction and thermal
exchanges makes them an excellent choice for reducing
noise pollution. Similarly, in the aerospace industry[4],
porous materials are used for thermal insulation and
noise reduction.

The physical and mechanical parameters used
to characterize the properties of porous materials
include geometric tortuosity, viscous and thermal
characteristic lengths [5-8], Young's modulus of
elasticity, and Poisson's ratio. In the field of acoustics,
porous materials are widely used to reduce noise
pollution by absorbing a part of the sound waves
through viscous friction and thermal exchanges [4].
Previous studies have been conducted to investigate the
influence of physical parameters describing porous
media on the transmitted signal in the low-frequency
ultrasound regime [9-11]. However, there is a need for a
more comprehensive numerical simulation study to
determine the effect of physical parameters on the low-
frequency ultrasonic signal reflected by the first and
second interfaces of the medium.

In this study, we address this gap by
investigating the impact of a 20% variation in physical
parameters, including porosity, tortuosity, viscous and
thermal characteristic lengths, and two newly introduced
viscous and thermal shape factor parameters, on the
reflected waves at the first and second interfaces in air-
saturated porous media in the low-frequency domain of
ultrasound. The acoustic behavior of air-saturated
porous media is modeled using the equivalent fluid
theory and the Johnson-Allard model refined by Sadouki
[12]. This study enhances our understanding of the
underlying mechanisms governing acoustic wave
propagation in porous media, providing valuable
insights for optimizing ultrasound-based techniques in a
range of applications, such as nondestructive testing,
medical imaging, and noise pollution control in
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buildings, aircraft, automobile industries, and civil
engineering.

II. MODEL

Acoustic propagation in porous materials is a
complex phenomenon that involves the interaction of
sound waves with fluid and solid components of the
porous medium. When considering air-saturated porous
materials  with immobile solid skeletons, wave
propagation is confined to the fluid, and this behavior is
typically modeled using the equivalent fluid model [5,6],
which is a particular case of Biot theory [13-15]. The two
frequency response factors, the dynamic tortuosity of
the medium a(w) and the dynamic compressibility of air
in the porous material B(w), are used to account for
structure-fluid interactions. The dynamic tortuosity is
provided by Johnson et al [5,6], while the dynamic

compressibility is given by Allard [7]. In the frequency
domain, these factors are multiplied by the density and
compressibility of the fluid.

At extremely low and high frequencies, the
equations governing the acoustic behavior of the fluid
simplify and the parameters involved are different. In the
high-frequency range [7], this simplification occurs
when the viscous and thermal skin thicknesses 6(w) =

2 2
/—" and §(w) = |—
pPow Prpow

radius r. (Here, the density of the saturating fluid is
represented by p0, the viscosity by n, the pulse
frequency by w, and the Prandtl number by Pr). In the
low-frequency range of the ultrasonic domain, the
dynamic tortuosity and compressibility are given by [12]:

are smaller than the pore

a) = a. (1+6w() re (1) (¢) 4 ) 0

flw)=1+F—-1) (‘”“’)(j) +(E -1 (‘”“”) (J)J,) )

where, j = v—1 and y is the adiabatic constant.

The relevant physical parameters of the models
are the high-frequency limit of the tortuosity a.,, the
viscous and thermal characteristic lengths A and A/,
respectively, and the dimensionless parameter &
introduced by Sadouki [12], which is a shape factor
related to the correction of the viscous skin depth of the
air layer near the tube surface where the velocity
distribution is significantly perturbed by the viscous
forces generated by the stationary frame in the low-
frequency ultrasonic regime. &' is the associated thermal
counterpart.

Consider a homogeneous porous material that
occupies the region 0 < x < L. A sound pulse normally
strikes the medium, generating an acoustic pressure
field p(x,t) and an acoustic velocity field v(x,®) within the
material (Fig. 1). These fields satisfy the Euler equation
and the constitutive equation along the x-axis:

dp (x,0)
ox '

ﬁ(w) Bv(xa))

(3)

poa(w)jw v(x,w) = ]w plx, w) =

Here, K, is the compressibility modulus of the fluid.
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Porous Material

Medium (I) Medium (III)
Medium (I1)

Pi

Incident field Pt

Transmitted field

Pr

Reflected field

xX=0 x=1L

Figure 1. Problem geometry

The continuity of the pressure and velocity fields
at the medium boundary gives the reflection coefficient
of the porous material [17]:

. (1—Z?)sinh (jkL) )
- 2Zcosh(jkL)+(1+Z%)sinh (kL)

5 __ 1 a(w) . .
Where Z—<25 /ﬂ(w) is the  normalized
characteristic impedance of the material, ¢ is the

porosity, and k = w /M is the wave number of
a

the acoustic wave in the porous medium. The incident
and reflected fields p‘ and pl,, are related in the
frequency domain by the reflection coefficient R:

p;im (x! (U) = R pi(x! (U) (5)

In the time domain, the reflected signal
Pim (x,t) is obtained by taking the inverse Fourier
transform of Eq. (5):

P'(x,t) =F ' (R P'(x,w)) 6)
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Figure 2: The incident and reflected signals of a monolayer porous medium constructed in frequency via expression
(5) and in time via Eq. (6)

The simulated incident and reflected signals of
a single-layer porous medium are shown in Fig. 2, and
were obtained by expression (5) in the frequency
domain and equation (6) in the time domain. The
characteristic parameters of the porous medium are as
follows: L = 3.0cm, ¢ = 0.85, o, = 1.2, A = 300 um,
A/A = 3, £ = 10, and &E = 2. These signals were
generated using the Gauss function in Matlab with
center frequencies of 50 kHz and 120 kHz. In the time
domain, two successive reflections on the first and
second interface can be clearly observed, as shown in
black color below in Figure 2.

[1I. SIMULATION STUDY

To investigate the influence of physical
parameters, such as porosity, tortuosity, viscous and
thermal characteristic lengths, and newly introduced
shape factors on the reflected waves, a parameter
analysis was performed. Specifically, each parameter
was varied while holding the others constant, and the
impact on the first and second reflected waves in the
time domain, as indicated by equation (6), was
observed. By systematically varying each parameter and
analyzing its effect on the reflected waves, we can better
understand the individual contributions of these physical
factors to the overall acoustic behavior of the porous
material.

© 2024 Global Journals

a) Effect of Porosity ¢ on the Reflected Signal

Figure 3 shows the impact of varying the
porosity (¢) on the amplitude of the first and second
reflected waves through a rigid porous medium, while
keeping the other parameters fixed at a,, = 1.2, A = 300
um, AY/A = 3, & = 10, and &/&' = 2. The porosity ¢ varies
from +20% to -20% of its initial value (¢ = 0.85). Table 1
presents the variation ratio of the reflection coefficient
compared to a =20% variation of each parameter.

According to Table 1, a significant influence of
porosity on the reflected signal is observed at
frequencies of 50 kHz and 120 kHz. When the porosity
increases by +20%, the modulus of the first and second
reflected signals decrease by -66.84% and -65.06%,
respectively. Conversely, when the porosity decreases
by -20%, the amplitude of the 1st and 2nd reflected
signals increases by +80.26% and +71.32%
respectively. Moreover, the sensitivity of the porosity ¢
increases with frequency, as also shown in Table 1.
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Figure 3: Sensitivity of porosity ¢ on the 1st and 2nd reflected signals at 50 kHz

b) Effect of Tortuosity a,, on the Reflected Signal

Figure 4 illustrates the sensitivity of tortuosity a.,
on the 1st and 2nd reflected waves, for an excitation
pulse of frequency 50 kHz. When the initial tortuosity
value is increased by +20%, the amplitude of the 1st
and 2nd reflected waves increases by +33.16% and
10.82%, respectively. Conversely, a decrease of -20% in

tortuosity results in a decrease in the amplitude of the
1st and 2nd reflected waves by -40.98% and -27.47%,
respectively. Notably, the impact of tortuosity is more
pronounced on the 1st reflected signal than on the 2nd.
Additionally, the sensitivity of tortuosity to the reflected
signal increases with frequency, as detailed in Table 1.
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Figure 4: Sensitivity of Tortuosity a,, on the 1st and 2nd Reflected Waves
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c) Effect of Viscous Characteristic Length A on the
Reflected Waves

The impact of varying the viscous characteristic
length on the 1st and 2nd reflected waves at high
frequency is shown in Figure 5. With an excitation
frequency of 50 kHz, a +20% change in A results in a -
1.07% decrease in the amplitude of the first reflected
wave and a 42.76% increase in the amplitude of the

second reflected signal. Furthermore, as the frequency
increases, the sensitivity of the viscous characteristic
length decreases for the 1st reflected wave and
increases for the 2nd reflected wave. Therefore, we can
conclude that the viscous characteristic length has a
relatively small influence on the 1st reflected wave at
high frequency but a high sensitivity on the 2nd reflected
wave.
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Figure 5: The sensitivity of the viscous characteristic length on the 1st and 2nd reflected waves at a frequency of 50
kHz

d) Effect of Thermal Characteristic Length A' on the 1st
and 2nd Reflected Waves

The sensitivity of the thermal characteristic
length A' on the two reflected waves at low ultrasonic
frequency is shown in Figure 5 for a variation from
+20% to -20% of its initial value. From Figure 6, we can
see that for a frequency of 50 kHz, there is very little
influence of the thermal characteristic length on the 1st
reflected signal. An increase of +20% in A' results in a
0.17% increase in the modulus of the 1st reflected
signal, while a variation of -20% results in a -0.26%
decrease in the amplitude of the 1st reflected signal.
However, the second reflected wave is more sensitive
than the first. For a variation of +20% of A', the
amplitude of the 2nd reflected wave increases by 3.29%.
Moreover, according to Table 1, we observe that the
sensitivity of the thermal characteristic length slightly
decreases with frequency for the first reflection, while it
increases for the second reflected wave.
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Figure 6: The sensitivity of the thermal characteristic length on the 1st and 2nd reflected waves for a frequency of 50

kHz

e) Effect of Viscous Shape Factor & on the Reflected
Signal

The sensitivity of the shape factor & on the 1st
and 2nd reflected waves in the Low-Frequency
Ultrasound regime is presented in Figure 7. According
to this figure, a -20% variation of & results in a regression
of -0.26% and -4.89% in the amplitude of the 1st and
2nd reflected waves, respectively. For a variation of
+20% of &, we observe a growth of +0.17% and 3.29%
in the amplitude of the 1st and 2nd reflected waves. It
can be concluded that the shape factor £ has a weak
influence on the first reflected wave but a strong
sensitivity on the second wave in the low-frequency
range of ultrasound. Moreover, the variation decreases
for the first reflected wave and increases for the second
wave as the frequency increases.
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Figure 7: Sensitivity of the shape factor & on the 1st and 2nd reflected waves in the low-frequency ultrasound regime

) Effect of Thermal Shape Factor & on the Reflected
Signal

To investigate the impact of varying the thermal
shape factor & on the 1st and 2nd high-frequency
reflected waves, Figure 8 is presented. At an excitation
frequency of 50 kHz, a +20% variation in &/&' results in a
+0.10% increase and a -1.91% attenuation in the
amplitude of the 1st and 2nd reflected waves,
respectively. This parameter exhibits a weak influence
on the 1st reflected wave but a more significant effect on
the 2nd reflected wave in the low-frequency ultrasound
regime. Table 1 summarizes the effects of porosity,
tortuosity, viscous and thermal characteristic lengths, as
well as the two shape factors on the 1st and 2nd
reflected waves in the low-frequency regime of
ultrasound (50-120 kHz).
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Figure 8: Sensitivity of thermal shape factor &' on the 1st and 2nd high-frequency reflected waves at an excitation
frequency of 50 kHz

Based on the results presented in Table 1 and Figures 3-8, we can classify the sensitivity of each parameter
on the reflected signal in the order of decreasing influence as presented in Table 2.

Table 1: Relative variation of the reflection coefficient %R% corresponding to a variation of + 20% of each physical

parameter
AR %
R 0
1st reflected wave 2nd reflected wave
Parameters Variations 50 kHz 120 kHz 50 kHz 120 kHz
Porosity @ +20% -66.84 -68.88 -65.06 -67.66
-20% 80.26 82.30 71.32 7412
Tortuosity +20% 33.16 34.02 10.82 5.82
* -20% -40.98 -42.10 -27.47 -24.77
Viscous characteristic length +20% -1.07 -0.61 42.76 58.54
A (pm) -20% 1.77 0.93 -44.86 -52.95
Ratio thermal-viscous +20% 0.17 0.11 3.29 4.63
characteristic lengths (N'/N) -20% -0.26 -0.16 -4.89 -6.57
+20% 0.10 0.19 -11.91 -12.16
Viscous shape factor §
-20% -0.97 -0.18 13.56 13.88
Ratio viscous-thermal shape +20% 0.16 0.25 0.35 0.34
factors §/¢ -20% -0.25 -0.38 -0.52 -0.51
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Table 2: Classification of the sensitivity of each parameter on the 1st and 2nd reflected signal

Parameters ¢ o A 13 A g
Influence on the 1st +++ ++ + ~ _— ——
reflected signal
Influence on the 2nd +++ + ++ + ~ ~—
reflected signal

+.: Considerable
~: Weak

V. CONCLUSION

In conclusion, this study investigated the
influence of physical parameters on the reflected wave
at the 1st and 2nd interface of rigid porous media in the
low-frequency ultrasound regime. The results show that
porosity and tortuosity are the most influential
parameters affecting the two reflected signals. This
influence varies proportionally with the frequency and
inversely with the porosity for both the 1st and 2nd
reflected waves. For the 1st reflected wave, the influence
varies proportionally with the tortuosity and frequency,
while for the 2nd reflected wave; it varies proportionally
with the tortuosity and inversely with the frequency.
However, the impact of porosity and tortuosity on the 1st
reflected wave is greater than on the 2nd reflected wave.
Moreover, the viscous characteristic length has a small
effect on the 1st reflected wave but a substantial
influence on the 2nd reflected wave, exceeding the
impact of tortuosity. On the other hand, the shape factor
has a minor impact on the 1st reflected wave and a
significant sensitivity on the 2nd reflection. Concerning
the thermal parameters, the thermal characteristic length
and the thermal shape factor have a negligible impact
on the 1st reflected wave, while the sensitivity of the
thermal characteristic length on the 2nd reflected wave
is considerable.

The study's strength is that it analyzed the two
reflected waves separately and independently, which
allows us to treat each wave individually. These results
could have important implications for the design and
optimization of ultrasound-based techniques in various
applications such as medical imaging, non-destructive
testing, and materials characterization. However, further
research may be necessary to investigate the effect of
these parameters in other frequency ranges and porous
medium structures.
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

Present a background, such as by describing the question that was addressed by creation of an exacting study.

Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if

appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O O

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
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