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Resumen

Presentamos el laboratorio (¿virtual?) SOLEVORB pensado para
que estudiantes de bachillerato y de institutos terciarios realicen
prácticas de evolución orbital de objetos reales o ficticios en el
Sistema Solar.
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Motivación

generar prácticas de laboratorio en dinámica orbital
estimular el manejo y análisis de volúmenes de datos
jerarquizar la representación gráfica para comprender procesos

comprender la importancia de la modelización en Física

aproximarnos a la metodología de un trabajo de investigación
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Datos de entrada
Elementos orbitales

Presentación

El Sistema Solar no es estático

(csep10.phys.utk.edu/astr161)
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(www.iau.org)
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Sistema Solar constituído por:

Sol (masa = 1)

Planetas (masa < 0,001)

planeta-enanos y cuerpos menores (masa ∼ 0)

Todas las órbitas heliocéntricas son perturbadas por los planetas.

¿Cómo evolucionan en el tiempo?
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Evolución del Sistema Solar interior:

http://youtu.be/HKxMTelzcZo
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SOLEVORB permite:

explorar evolución de órbitas heliocéntricas: planetas, cuerpos
menores o naves interplanetarias

hasta miles de millones de años hacia el futuro y el pasado

probabilidad de colisión con planetas y Sol

probabilidad de eyección del Sistema Solar

predicción de encuentros próximos entre cuerpos menores y la
Tierra o cualquier planeta

vida media orbital de cuerpos menores

diagnóstico de caos o estimación de memoria dinámica

Tabaré Gallardo Simulaciones Orbitales del Sistema Solar



Motivación
SOLEVORB

Algunos proyectos

Presentación
Tres etapas
Datos de entrada
Elementos orbitales

Es un integrador numérico que incluye:

MODELO físico: Ley de Gravitación Universal

plasmado en un sistema de ECUACIONES diferenciales para
cada cuerpo

resueltas mediante un ALGORITMO optimizado
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Tres etapas

PREPARACIÓN del experimento: archivo de datos de entrada
solevorb.ent (editable con Bloc de Notas o TextPad)

EJECUCIÓN: solevorb.exe (con doble clic, y esperar...)

ANÁLISIS de resultados: a través de los archivos generados,
especialmente orbitas.sal y encuent.sal (gráficos con
gnuplot)
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Datos de entrada

solevorb.ent

editable con Bloc de Notas o TextPad
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Elementos orbitales: forma

afelio: Q = a(1 + e) perihelio: q = a(1− e)

a(1-e)a(1+e)

Sol
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Elementos orbitales: orientación

(Greenberg 1982)
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Elementos orbitales: evolución

Buscamos

a(t), e(t), i(t), . . .

encuentros próximos con los planetas

eyecciones del sistema

colisiones con planetas y Sol
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Cometa Halley: futuro y pasado

(www.uwgb.edu/dutchs)
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Memoria dinámica ∼ 3000 años.
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¿De dónde vienen los meteoritos?

Around midnight on 6 October 2008, 
a white dot flitted across the screen 
of Richard Kowalski’s computer at an 
observatory atop Mount Lemmon in 

Arizona. Kowalski had seen hundreds of such 
dots during three and a half years of scanning 
telescope images for asteroids that might hit 
Earth or come close. He followed the object 
through the night and submitted the coordi
nates, as usual, to the Minor Planet Center in 
Cambridge, Massachusetts, which keeps track 
of asteroids and other small bodies. When the 
sky began to brighten, he shut down the tele
scope, went to the dorm down the mountain 
and fell asleep.

The only thing that had puzzled Kowalski 
about the midnight blip was the Minor Planet 
Center’s response to his report. Its website posted 
the discovery right away but when he tried to 
add more data, the system stayed silent.

Tim Spahr, the Minor Planet Center’s direc
tor, found out why the following morning. The 
centre’s software computes orbits automati
cally, but this asteroid was unusually close to 
Earth. “The computer ran to me for help,” says 
Spahr. He did some quick calculations on Kow
alski’s data to figure out the path of the asteroid, 
which was now named 2008 TC3. “As soon as 
I looked at it and did an orbit manually, it was 
clear it was going to hit Earth,” he says. 

The brightness of 2008 TC3 suggested it 
was only a few metres across and, assuming 
it was a common rocky asteroid, would prob
ably split into fragments soon after entering 
the atmosphere. But safe as that might seem, 
Spahr had procedures to follow. He called Lind
ley Johnson, head of NASA’s Near Earth Object 

Observations programme in Washington DC, 
on his BlackBerry — a number only to be used 
in emergencies.

“Hey Lindley, it’s Tim,” said Spahr. “Why 
would I be calling you?”

Johnson’s response: “We’re going to get hit?”
Spahr also called astronomer Steve Ches

ley of the Jet Propulsion Laboratory (JPL) in 
Pasadena, California, who at the time was hus
tling his kids out of the door for school. Chesley 
hurried into the office, ran a program to calcu
late the asteroid’s orbit and “was astounded to 
see 100% impact probability”, he says. “I’d never 
seen that before in my life.” Chesley calculated 
that the asteroid would hit Earth’s atmosphere 
less than 13 hours later, at 2:46 
ut the next day; the impact 
site would be northern Sudan, 
where the local time would be 
5:46 a.m.. He sent his results to 
NASA headquarters and the 
Minor Planet Center, which cir
culated an electronic bulletin to 
a worldwide network of astronomers. A group 
called NEODys in Pisa, Italy, also confirmed 
that an impact was nearly certain.

Although several small objects such as 2008 
TC3 hit Earth each year, researchers had never 
spotted one before it struck. Kowalski’s dis
covery, therefore, provided a unique chance to 
study an asteroid and its demise in real time, if 
astronomers could mobilize resources around 
the world quickly enough. 

Soon emails and phone calls were flying 
across the globe as scientists raced to coordi
nate observations of the incoming asteroid. 
“IMPACT TONIGHT!!!” wrote physicist Mark 

Boslough of Sandia National Laboratories in 
Albuquerque, New Mexico, to colleagues, 
including a Sandia engineer responsible for 
monitoring US government satellite data.

Countdown to impact
Peter Brown, an astronomer at the University 
of Western Ontario in Canada who heard the 
news from JPL, ran to his local observatory, 
fired up the telescope and began tracking the 
asteroid, which looked like “a very small, faint, 
fastmoving streak”, he says. Alan Fitzsimmons 
at Queen’s University Belfast in Northern Ire
land called two of his colleagues, who had just 
arrived at the William Herschel Telescope at La 

Palma on the Canary Islands 
and were not scheduled to use 
the tele scope until the next day. 

“Listen guys, this is happen
ing, this is going to happen 
tonight,” he told the research
ers, who arranged to borrow 
an hour of observing time from 

another astronomer.
All day, observations poured into the Minor 

Planet Center, which released new data and 
orbit calculations several times an hour. NASA 
notified other government agencies, including 
the state and defence departments, and issued 
a press release that afternoon saying that the 
collision could set off “a potentially brilliant 
natural fireworks display”. About an hour 
before impact, the asteroid slipped into Earth’s 
shadow and out of view to optical telescopes. 
By then, astronomers from 26 observatories 
worldwide had already captured and submitted 
about 570 observations, allowing JPL to refine P.
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When an asteroid was spotted heading towards our planet last October, researchers rushed to 
document a cosmic impact from start to finish for the first time. Roberta Kwok tells the tale.

“Listen guys, this  
is happening,  
this is going to 
happen tonight.”  
— Alan Fitzsimmons
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© 2009 Macmillan Publishers Limited. All rights reserved

(Kwok 2009)
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¿Cómo llegan hasta la Tierra?

Tierra Marte asteroides
1 UA 1.52 UA 2 - 3.4 UA
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20 meteoroides ficticios con a ∼ 2.08 UA , e ∼ 0.1 , i ∼ 5◦
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Analizamos el archivo encuent.sal
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Encuentros con la Tierra:
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Desde (2.08 UA, 0.1, 5◦) el viaje demora ∼ 700000 años.
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Impactos de PHA con la Tierra

Se estima que en el presente existen unos 4700 (±1500)
Potentially Hazardous Asteroids con diámetro > 100 metros.
Tomamos una muestra de 50 y los integramos por 10000 años.
Del archivo encuent.sal extraemos la información de los
encuentros con la Tierra.
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N ∝ D2
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N ∝ D2, fenómeno análogo a tiro al blanco sin puntería:

 

D 

Tierra 
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Regla de tres con D2:

D2 = 200000 −→ N ' 450

D2 = 1 (impacto!) −→ x

=⇒ x = 450/200000 = 0,00225 impactos

En 10000 años ’hubo’ 0.00225 impactos en la Tierra.

¿Cuánto tiempo deberá transcurrir hasta que el número de
impactos sea = 1?
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0.00225 impactos −→ 10000 años

1 impacto −→ x años

x = 10000/0,00225 ' 4,4 millones de años

En promedio cada 4.4 millones de años uno de estos 50
asteroides impacta a la Tierra.

Como existen unos 4700 PHA, o sea, 94 veces nuestra muestra,
los impactos ocurren cada 4,4/94 = 0,047 millones de años.

O sea, en promedio cada 47000 años impactaría en la Tierra
un objeto de diámetro mayor o igual a 100 metros.
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Distancia Tierra - Marte

?
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dmin = perihelio Marte - afelio Tierra = aM(1− eM)− aT(1 + eT)
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Recursos

SOLEVORB: sites.google.com/site/solevorb

herramientas: gnuplot, TextPad

ORSA: orsa.sourceforge.net
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Laboratorios y simuladores

Virtual Astronomy Labs (Guidry and Lee)

Project CLEA (Gettysburg College)

simulaciones interactivas PhET
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PhET
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¡Muchas Gracias!
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