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APRESENTACAO

A coletanea “Fisica: O Universo e os Fendbmenos Naturais” € uma obra que tem
como foco principal a discussao cientifica por intermédio dos trabalhos que compdem
seus capitulos. O volume abordara, de forma categorizada e interdisciplinar, resultados
de pesquisas, relatos de casos e/ou revisdes que transitam no pluralismo conceitual e
epistemoldgico da Fisica e seu ensino.

O objetivo central do livro é apresentar, de forma categorizada e clara, estudos
desenvolvidos em diversas instituicdes de ensino e pesquisa do Brasil. A Fisica € uma
ciéncia natural baseada em experimentos, medicoes e andlises matematicas com o
propésito de encontrar leis fisicas quantitativas para tudo, desde o nano mundo do
microcosmo aos planetas, sistemas solares e galaxias que ocupam o macrocosmo. Temas
diversos e interessantes sao, deste modo, discutidos aqui com a proposta de fundamentar
o conhecimento de académicos, mestres, doutores e todos aqueles que de alguma forma
se interessam pela Fisica e seus processos de ensino e de aprendizagem.

Os autores do primeiro capitulo da obra, por meio dos parametros estruturais de um
poco quantico de GaAs com barreiras de AlGaAs, simularam os niveis de energia, funcdes
de onda e densidade de probabilidade, por meio de uma solugdo numérica da Equacéo de
Schrédinger, independente do tempo, para um poco finito. Com os resultados da interagédo
elétron-buraco para os diferentes niveis energéticos do poco, o referido trabalho apresenta
um exemplo direto e simples na solug¢éo de pogos de potenciais quanticos reais. O segundo
capitulo apresenta um trabalho experimental, no qual os autores utilizaram um termémetro
de infravermelho de baixo custo para estimar a agua precipitavel na regiéo de Florian6polis-
SC. Fundamentado na dindmica molecular classica, os autores do terceiro capitulo discutem
as propriedades termodinamicas em sistemas binarios e ternarios compostos por 6leo leve,
CO2 e salmoura para aplicagbes envolvendo recuperagéo aprimorada de petroleo. O quarto
capitulo apresenta resultados de um estudo dos movimentos orbitais de detritos espaciais
na vizinhanca da Estagé@o Espacial Internacional com o intuito de rastrea-los, visando evitar
colisGes entre eles e satélites artificiais operacionais.

Os demais trabalhos apresentam instrumentos e metodologias para o ensino de
Fisica. O quinto capitulo, por exemplo, usam a abordagem da modelagem cientifica de
Bunge, adotando um objeto-modelo experimental e o incorporando na teoria da Mecénica
Newtoniana para o desenvolvimento de um modelo tedrico-pratico validado empiricamente.
Seguindo a perspectiva de propostas experimentais para o ensino de Fisica, o sexto capitulo
discute a possibilidade de demonstracao do efeito magnético de um ima em um solenoide
por meio da construgdo de um Trem Magnético. O sétimo capitulo parte da grade comum
dos conteudos ensinados no curso de graduacao em Fisica relacionados a dindmica de
rotacdes, para explicar o funcionamento do giroscopio, pido, tip-top e spinner, os quais,
apesar de serem normalmente utilizados para recreacdo, possuem também aplicacoes



educacionais e outras utilidades muito interessantes de serem exploradas na area de
Ensino de Fisica.

Além de praticas experimentais “manuais”, alguns trabalhos contemplam propostas
para a ludicidade do ensino de Fisica. O oitavo trabalho incorporou o estudo de trajetoérias
bidimensionais de forma integrada, aliando a confeccdo de uma catapulta caseira em
escala, no estilo Trebuchet, a realizagdo de um estudo incisivo dos conceitos fisicos
necessarios para descricao de seu funcionamento. A constituicdo de dados experimentais
e simulacdes das trajetérias, foram obtidas por intermédio do software livre Tracker. O nono
e ultimo trabalho apresenta a potencialidade de recursos, como jogos educativos, como
ferramenta de inclusao de alunos surdos, no que diz respeito aos processos de ensino e
de aprendizagem de Fisica I.

Deste modo, essa leitura proporcionara um repertério de trabalhos bem
fundamentados e com resultados praticos, obtidos por diversos professores e académicos
que arduamente desenvolveram seus trabalhos que aqui serdo apresentados de maneira
concisa e didatica. Sabemos o quado importante é a divulgagédo cientifica, por isso
evidenciamos também a estrutura da Atena Editora capaz de oferecer uma plataforma

consolidada e confiavel para estes pesquisadores exporem e divulguem seus resultados.

Edson Ribeiro de Britto de Almeida Junior
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ABSTRACT: The increasing number of
uncontrolled objects orbiting the Earth justifies
efforts to observe and track them in order to
avoid collisions among them and operational
artificial satellites. These studies involve different
disturbances and resonances in the orbital
motion of these objects. Most of the cataloged
space debris are found in low earth orbits (LEO).
This work studies the orbital motion of space
debris in the ISS’s neighborhood. Real data
from the 2-line element set provided by NORAD
(North American Defense) are used to compare
with the results obtained for orbital motions. The
geopotential and atmospheric drag are used as
perturbations in the SGP4 model. Figures show
the time behavior of the orbital elements of the
space debris in the process of reentry in the
Earth and their distances to ISS showing that the
collision risks of these objects with operational
spacecraft is growing. Solutions for the space
debris mitigation are necessary.

Fisica: O Universo e os Fenbmenos Naturais

IN LEO REGION

KEYWORDS: Space Debris, Reentry, Collision
Risk.

RESUMO: O numero crescente de objetos
descontrolados orbitando a Terra justifica os
esforcos para observa-los e rastrea-los, a fim
de evitar colisbes entre eles e satélites artificais
operacionais. Estes estudos envolvem diferentes
perturbacbes e ressonancias no movimento
orbital desses objetos. A maior parte dos detritos
espaciais catalogados € encontrada em orbitas
baixas da Terra (LEO). Este trabalho estuda
0 movimento orbital de detritos espaciais na
vizinhanca da ISS. Dados reais do grupo de
elementos 2-linhas fornecidos pelo NORAD
(North  American Defense) sdo usados para
comparar com os resultados obtidos para os
movimentos orbitais. O geopotencial e o arrasto
atmosférico séo usados como perturbacdes no
modelo SGP4. Figuras mostram o comportamento
no tempo dos elementos orbitais dos detritos
espaciais no processo de reentrada na Terra e
as distancias destes para a ISS mostrando que o
risco de coliséo destes objetos com espaconave
operacional estd crescendo. Solugbes para a
diminuicdo de detritos espaciais sdo necessarias.
PALAVRAS - CHAVE: Detritos Espaciais,
Reentrada, Risco de Colisdo.

11 INTRODUCTION

Since the launch of the first satellite,
several space missions have been realized
putting objects around the Earth. In this way,
several studies are important to preserve the
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operability and integrality of the operational artificial satellites, considering the increasing
number of distinct objects in the space environment offering collision risks and, consequently,
possible lost of mission (OSIANDER and OSTDIEK, 2009).

The International Space Station (ISS) is a great opportunity to use a research
platform in space. An international partnership of space agencies of the United States
(NASA), Russia (FKA), Japan (JAXA), Europe (ESA), Canada (CSA), among other, provides
the operation of the ISS with astronauts since 2000 (ISS, 2015). The ISS is in Low Earth
Orbits, in the same region of most of the space debris orbiting the planet. In this way,
several studies are important to preserve the operability and integrality of the space station
and operational artificial satellites, considering the increasing number of distinct objects in
the space environment offering collision risks and, consequently, possible lost of mission
(KLINKRAD, 2006; MECHISHNEK, 1995).

The constant monitoring of the ISS’s orbit is needed, as well as the monitoring of
the orbits of the more than three thousand Earth’s satellites currently in operation is also
required. The monitoring of temporal variation of the orbital elements of space debris in the
LEQ’s region, as proposed in this paper by using of SGP4 model, can be useful of planning
evasive maneuvers to avoid collisions and a premature reentry of spacecrafts (including the
ISS). Another example of situation to be avoided is the collision between space debris and
satellites that have reached the end of their useful life and are in a forced or planned reentry
maneuvers for they do not become space debris too. In this case, collisions would generate
more debris into LEO’s region yet. Analyses of temporal variation of the orbital elements of
space debris can also avoid these unwanted events.

The orbital dynamics of cataloged objects can be analyzed using the 2-line element
group, or TLE of the NORAD (North American Defense). The TLE data are composed of
seven parameters and epoch (HOOTS and ROEHRICH, 1980; SPACE TRACK, 2019).

Figure 1 shows that most of objects are in the region 13 < n (rev/day) < 15 by the
histogram of the mean motion of artificial satellites and space debris in LEO region.

Synchronous satellites in circular or elliptical orbits have been extensively studied
in the literature, due to the study of resonant orbits characterizing the dynamics of these
objects (SAMPAIO et al., 2014; 2016).

In this work, a study is done about objects with orbital motions around the Earth in
LEOQ region. These space debris reentry in the Planet in some moment. The TLE data of the
cataloged objects are used and the orbit propagation is done considering the effects of the
Geopotential and Atmospheric Drag. The orbital motions of space debris are studied in the
neighborhood of the ISS - International Space Station. The results show that the collision
risk of space debris with the ISS is high and solutions to avoid these events and for space

debris mitigation are necessary.
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Figure 1: Histogram of the mean motion of the cataloged objects in LEO region.

In the next section, a propagation of the orbit is presented showing solutions for the
time behavior of the orbital elements.

21 PROPAGATION OF THE ORBIT

In this section, a method used to propagate the orbit is described. The initial data of
the space debris are taken from the real orbital motions shown in the Two-Line Elements
described before (see Figure 1). First, the real data are corrected and then propagated
in time using the SGP4 model. More details about this method is shown in (HOOTS and
ROEHRICH, 1980). The SGP model was used by the National Space Surveillance Control
Center and after by the United States Space Surveillance Network with the goal to track the
objects in orbital motions.

A previous study, described in Sampaio et al. 2014, shows a large research in
resonant regions with several objects, including space debris. Results show that most of
objects are in the region 13 < n < 16, where n is the mean motion. The International Space
Station is in the related region and studies about proximities with space debris, safety orbits
and collision risks are natural consequences of the development of the work.

The propagation method shown in the present work considers effects of the
geopotential and atmospheric drag, see Egs. 2.7 to 2.19, while previous works, see Sampaio
et al. 2014 and Sampaio et al. 2016, they consider only corrections in the TLE data and
effects of the geopotential in the orbital dynamics of space debris shown by Egs. 2.1 to 2.6.

The corrections in TLE data shown by Egs. 2.1 to 2.6 are necessary because the
Earth’s atmosphere cause differences in the data produced by the sensors. Considering n,
the mean motion of the 2-line, the semi-major axis a, is calculated by Eq. (2.1),
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ay=(vi/n,)*?, (2.1)

where 1 is the Earth gravitational parameter, £/=3.986009 x 10" m®/s. Using a,, the
parameter o, is calculated by the Eq. (2.2),

a2 (31:052(])— 1)
2 @)

81=3) (22)

where a_ is the Earth mean equatorial radius, a,=6378.135 km, J, is the second zonall
harmonic, J,=1,0826 x 103, e is the eccentricity and | is the inclination of the orbital plane
with the equator.

Now, the new semi-major axis a_ is defined using &, from the Eq. (2.2) (HOOTS;
ROECHRICH, 1980),

a,=a,[1 -gal —5,.2-225.%], (2.3)

1" g1

and a new mean motion n’; and semi-major axis &’ are found by the parameter &,

3, aZ(3cos?()-1)

oo g
Mo = 1+8,’ (2.5)
' dg
A = T (2.6)

The secular effects of gravitation and atmospheric drag are included in the next
equations.
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M =M [1 ]n -
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W = o+ [_ 3),a3(1-50%)  3)2ai(7-1140%+3950%) _ 15],a3(3-3602
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Q=0+ [_ 3],a20 + 3)2a§(40-190%) . 15],a40(3-762)
2a.?pt 8ay'p8 16a," 8

8w’ = B*C3(cos(w))(t - t,)

(2.7)

0] it~ ) (2.8)

n::l(t - to)

§M' = —%(qo — €)*B*o* z—:[(l + r]cos(M’))3 -(1+ ncos(M))3]

M'" =M+ 6w + M’

o' =w — v — &M

21np),agb
4 al?p?

o' =0 -

Cl (t - to)z

e” =e—B'Cy(t—t,) — B"Cs(sin(M”) — sin(M))

a" =ag[1—-Cy(t—t,) —Dy(t—t,)® = Da(t —t,)® — Dyt —t,)*]?

K’ =M"+ 0" +0Q" +n), Ecl(t ~to)? + (D, + 2C3)(t — t)* + 7 (3D; + 12C,D, +

10C)(t — to)* + (3D, + 12C, D5 + 6D3 + 30C3D, + 15CH)(t —t0)5],

"w__ H
n= Fa.—.s,

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

2.17)

(2.18)

(2.19)

where w is the argument of pericentre, Q is the longitude of the ascending node and

M is the mean anomaly. (t-t) is the time since epoch, B’ is the drag coefficient and J, the

fourth gravitational zonal harmonic of the Earth.
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Observe that Egs. 2.7 to 2.19 show transformations, (a, e, w, Q, M) -> (a”, e”,
w”, Q”, M”), in the classical orbital elements and in other variables, as mean motion n.
These transformations represent corrections in TLE data and effects of geopotential and
atmospheric drag are included in orbital motions of space debris.

Some modifications are considered in the equations and used for objects in the
process of reentering the Earth. For values for the perigee between 98 km and 156 km, the
value of the constant is 1.01222928. So, it is possible to rewrite,

ex=ay(l—e)—€e+a, (2.20)

The value of € is changed again, when the perigee is below 98 km,

er=2+a, (2.21)

where X=Earth radii / kilometers = 6378.135.
Considering the changes in the constant , the term (g -€)* is replaced by

(@o—€9* = [[(@o —O*/* +e—ex]" (2.22)

where q_ is a parameter for the SGP4 density function.

The terms used in Egs. 2.7 to 2.17 8, @, B, 1, C2, C1, C3, Ca, Cs, D2, D3 and D,
are described in Hoots and Roerich (1980), with the appropriate values of and (g -€)*.

In the next section, the orbital motion of the International Space Station, ISS, is
studied.

31 ORBITAL MOTION OF THE ISS

Atheory to study orbital motion of objects in LEO region can be introduced considering
perturbations caused, by the Geopotential and atmospheric drag. The orbital dynamics of
the International Space Station is propagated using the equations presented in the second
section.

Figures 2 to 5 show the time evolution of the classical keplerian elements of the ISS
in 2018.

The orbital dynamics of the ISS is constantly monitored and corrections can be done
to avoid the process of reentry in the Earth or collisions with space debris.

In Figure 2, it is possible to observe that in some time the ISS begins the process

Fisica: O Universo e os Fenbmenos Naturais Capitulo 4 “



of reentry needing corrections in your orbit. Several objects are in the same region of the
ISS in Low Earth Orbits and orbital maneuvers are necessary to avoid collisions with space
debris and the process of reentry in the Planet.

In the next section, the orbital motions of space debris in process of reentry are
analyzed.

Semi-major axis {km)

ETB5

ET55 1 1 1 1 1 1 1
L} =0 100 150 200 50 300 350 400

Time {days), Jan - Dec, 2018

Figure 2: Orbital motion of the ISS corresponding to January/2018 to December/2018: Time
behavior of the semi-major axis.

Eccentricity

0LD00E

D00

D02

150 200 =0 350 400

100 : 00
Time {days), Jan - Dec, 2018

Figure 3: Orbital motion of the ISS corresponding to January/2018 to December/2018: Time
behavior of the eccentricity.
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Figure 4: Orbital motion of the ISS corresponding to January/2018 to December/2018: Time
behavior of the inclination.
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Figure 5: Orbital motion of the ISS corresponding to January/2018 to December/2018: Time
behavior of the argument of pericentre.

41 REENTRY IN THE EARTH

In this section, the orbital motions of space debris are analyzed. The objects, in the
process of reentry, are faster when near the Earth’s surface. The space debris FENGYUN
30158 has a prediction of reentry for May/2018.

Figures 6 a) and 6 b) show the time behavior of semimajor axis and the time behavior
of eccentricity, respectively, of space debris Fengyun 30158. In some months, the process
of reentry is completed, when the object reaching the Earth’s surface, considering the
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Earth’s radius.

Figures 7 a) and 7 b) show the time behavior of semimajor axis and the time behavior
of eccentricity, respectively, of space debris Techedsat 6 43026. In some months, the
process of reentry is completed in May 22, 2018.

Table 1 shows some objects in process of reentry. The space debris analyzed can
be fragments, tools, rocket bodies from space missions ISS, IRIDIUM 33 and DELTA 1. The
predictions are for 2018 and 2019 and they can represent a safety planning and avoid risks

to the population that collisions with the Earth can generate.

Name Cataloged number | Reentry prediction

1SS deb 43206 November 16, 2018
[RIDIUM 33 deb 33964 May 29, 2018

DELTA 1 deb 00399 September 04, 2019

Table 1: Space debris in process of reentry.

a)

7000

Semimajor axis (km)

20 40 &0 80

Time (days)

Eccentricity

Figure 6: Orbital motion of space debris FENGYUN 30158 corresponding to January/01/2018 to
May/18/2018: a) Time evolution of the semimajor axis and b) Time evolution of the eccentricity.
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Figure 7: Orbital motion of space debris Techedsat 6 43026 corresponding to January/01/2018
to May/22/2018: a) Time evolution of the semimajor axis and b) Time evolution of the

eccentricity.

In the next section, the orbital motions of some space debris are compared with the

orbital dynamics of the ISS verifying possible collision risks.

51 RANGE AND COLLISION RISK

In this section, the orbital motions of space debris and the International Space

Station are compared, analyzing the moments of proximities between the orbits. These

space debris are in the neighborhood of ISS and can offer collision risks. An impact in the

ISS can damage the spaceship in several levels, depending on the size of the object that

collided and the relative velocity between them.

The objects, in the process of reentry, are faster when near the Earth’s surface.

The space debris Sentinel 41803 has a prediction of reentry for September/2017, showing
more situations of proximities with the ISS; while SL-18 28961 and Pegasus 24457 had
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predictions to reenter in January/2018 and March/2018, respectively, what was confirmed
after by real data. Figure 8 shows the orbital motions of space debris Sentinel 41803 and
SL-18 28961 crossing the orbital motions of the ISS, by the time behavior of the semimajor
axis.

Distances between the ISS and space debris Sentinel 41803 can be observed in Fig.
9, space debris SL-18 28961 in Fig. 10 and involving the ISS and Pegasus 24547, in Fig. 11.
Both objects starts the orbital dynamics in the neighborhoods of ISS, but, after some time,
the process of reentry is completed for objects Sentinel 41803 and Sentinel 41803. See Fig.
8 where can be observed, probably, the objects reaching the Earth’s surface, considering
the Earth’s radius.

Analyzing the time behavior of the distances between space debris and operational
artificial satellites is possible to know about collision risks and if is necessary some orbital
maneuver.

ik

Semi-major axis (km)

5300 1 1 1 1 1 1
[ 50 100 150 200 =0 300 350

Time (days), Jun/2017 - Mar/2018

Figure 8: Time behavior of the semimajor axis of the ISS (a0=6782.44 km) and space debris
SL-18 28961 (a0=6836.26 km) and Sentinel 41803 (a0=6960.46 km).
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Figure 9: Time behavior of the distance between the orbital motions of the ISS and space debris
Sentinel 418083.
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Figure 10: Time behavior of the distance between the orbital motions of the ISS and space
debris SL-18 28961.
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Figure 11: Time behavior of the distance between the orbital motions of the ISS and space
debris Pegasus 24547.

61 CONCLUSIONS

In this work, the orbital dynamics of space debris are studied. There are several
operational artificial satellites in Low Earth Orbits, in the same region of most of the space
debris orbiting the planet. So, several studies are important to preserve the operability
of the space station, considering the increasing number of distinct objects in the space
environment offering collision risks and, consequently, possible lost of mission.

The orbital motion of objects are propagated, considering perturbations of geopotential
and atmospheric drag. Real data from the Two Line Elements Set of the NORAD are used
as initial conditions to the time evolution of the orbital elements. The orbital dynamics of the
ISS is compared with space debris and several moments of proximities are indicated.

The process of reentry of Fengyun 30158 and Techedsat 6 43026 in the Earth are
observed when the time behavior of the semi-major axis of the space debris are studied.

Distances between the orbital motion of the ISS and the space debris can provide
more security and informations about collision risks.

One can observe that the collision risk of space debris with the International Space
Station is growing and solutions for the space debris mitigation are necessary.

As a future work, strategies to reduce space debris in LEO region can be studied.
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