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Selected NEAs

443 Eros – first obs. from 1893
Anteros – discovered in 1968
99942 Apophis (2004MN4)
2004VD17



The starting orbits of the 
selected NEAs





Methods of omputations

Mercury package (Chambers, 1999). 
Planetary initial ephemeris: DE405/WAW 
(Sitarski, 2002).



The influence of the epoch of 
the computed orbital elements

The starting orbital elements of the 
selected clones of asteroids for the 
epoch of the beginning, middle and the 
end of the observational arc were 
computed by Prof. Grzegorz Sitarski 
from the Space Researcg Center of the 
Polish Academy of Sciences in Warsaw





The starting ellipsoids of the 
errors of the orbital elements 
for the epoch of the end of 
the observational arc



The computed from 
observations orbital elements 

of asteroids contain errors

Fig. shows the starting ellipsoid of 
the errors of the clones of the 

four selected asteroids – in a, e: 
differences beween nominal ,orbit 

and clones (x 10^6)





Test of computations

The equations of motion of the nominal 
orbit of Eros were integrated 10,000 years 

and 20,000 years forwards and then 
backwards to the starting epoch





The propagation of the errors



The computations were made for 
different epochs
The computations were stopped when 
the mean distances between nominal 
orbit and clones exceed one Earth 
radius
The error depends on the length of the 
observational length





The histograms of the 
temporary distances of the VA



Eros – 12,000 years – all clones are 
inside the torus, after 16,000 years –
128
Anteros – 500 years – 189
Apophis – 25 years – 196 
2004VD17 – 1.2 years – 1/3 only
(out of 199 starting everywhere)







The close approaches to 
planets



The closer the approaches to the 
planets the more chaotic the orbit





Anteros has close approaches to the 
Earth which has a greater mass than 
that of Mars
The orbit of Anteros is more tangential 
to the orbit of the Earth (i=8.7 and 
i=10.8, respectively) 



The time of stability



Time of stability

Is the time after which we can observe 
rapid growth of the differences in the 
mean anomaly of the neighboring 
clones
Computations were stoped when dM 
reached 180 deg. 





Computed orbits from 
different observational arcs



Propagation of the clones depends on 
the length of the observational arc –
example of Apophis







Eros like Anteros



Eros like Anteros

Eros and Anteros have similar orbits
To eliminate the influence of the 
observational arc and the number of 
the observation of these asteroids a 
selection of their observations was 
made



Eros like Anteros

The observations of Eros were chosen 
only from the time-span of the period of 
the observations of Anteros: 1973-2005
Every fourth observation of Eros was 
selected: hence we obtained 763 
observations of Eros and 775 
observations of Anteros







Eros like Anteros

Cause of the differences in the 
propagation of the clones of Eros and 
Anteros are different close approaches 
to planets



Problem aphelion-perihelion



Aphelion-perihelion (Eros)
Observations selected around aphelion 
and perihelion: +-10 deg. 
In aphelia clones are 6 times more 
divergent then in perihelia and four 
times than those from all the 
observations
In order to compute the real orbit we 
must use all the observations
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The errors in the sky plane



For Observers

Each of the computed clones of the 
asteroid is located in a certain distance 
from the asteroid on the nominal orbit 
Fig. presents the region in the sky 
occupied by clones for a given epoch of 
orbital elements – similar to 
„Uncertainty Region (Confidence
Boundary)” at Milani NEODYS site







Thank you
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