
On estimating the magnitude of perturba-

tions in the rotational dynami
s of asteroids

approa
hing the Earth

Alexander Melnikov and Kristina Lobanova

Abstra
t. In numeri
al experiments, the rotational dynami
s of asteroids

as they approa
h the Earth is 
onsidered. It is shown that 
lose en
ounters


an lead to noti
eable perturbations in the asteroid's rotational speed and

the orientation of the rotational axis. The in�uen
e of un
ertainty in knowing

the �gure of an asteroid on the assessment of the magnitude of perturbations

in its rotation has been studied. Estimates of perturbations in the rotational

dynami
s of the asteroid (99942) Apophis during its approa
h to the Earth

in 2029 were obtained.

Introdu
tion

In terms of asteroid-
omet hazard, it is of great importan
e to study di�erent

aspe
ts of near-Earth asteroids (NEAs) dynami
s. Investigation of the dynami
s of

small (diameter 10�100 m) NEAs is of spe
ial interest sin
e they engage frequently

in 
lose en
ounters with our planet at a distan
e of about 10 Earth radii (RE). The

rotational and orbital dynami
s of an asteroid are 
losely interrelated and in�uen
e

one another [1, 2℄. In parti
ular, perturbations in the rotation of an asteroid a�e
t

its orbital motion due to the 
hanges in the value of the Yarkovsky e�e
t [3, 4℄.

We have designed [4℄ numeri
al methods for modeling the rotational motion of

an asteroid during its approa
h to the planet and investigated the dynami
s of

a number of small asteroids during their 
lose en
ounters with the Earth. We

present the main results of our numeri
al experiments with the following example

of asteroid (99942) Apophis whose rotational dynami
s during 2029 approa
h to

the Earth was studied. By means of numeri
al experiments, the estimates of the


hange in the rotational period ∆P = Pfinal − P0 and the angle between the

rotational axis and the normal to the orbital plane ∆γ = γfinal−γ0 were a
quired,
where P0 and γ0 are the values before the approa
h.



2 Alexander Melnikov and Kristina Lobanova

1. In�uen
e of the orbit

An important issue is de�ning the size of an area of the spa
e around the planet

where disturban
es in the rotational dynami
s of an asteroid are signi�
ant. Fig-

ure 1 shows dependen
es of the magnitudes of perturbations in the rotation of

Apophis on the parameters of its geo
entri
 orbit (d, e), where d = a(e − 1) is
the peri
entri
 distan
e, a the semimajor axis and e the e

entri
ity. It 
an be

seen that signi�
ant perturbations o

ur within d ≤ 10RE, where RE is the Earth

radius. We made a similar 
on
lusion from the analysis of the dynami
s of other

small NEAs ((367943) Duende, 2012TC4, 2023BU).

5 10 15 20
d, RE

2

3

4

5

6

e

∆P,  h
(A/C= 0.73, B/C= 0.95, P0 = 30.6 h, γ0 = 140 ◦ )

−23.7

0.0

15.0

5 10 15 20
d, RE

2

3

4

5

6
e

∆γ, ◦

(A/C= 0.73, B/C= 0.95, P0 = 30.6 h, γ0 = 140 ◦ )

−55.70

0.00

9.64

Figure 1. Dependen
es of ∆P and ∆γ for Apophis due to its

approa
h to the Earth in 2029 on the orbital parameters d =
a(e− 1) (within Earth's radii) and e. The 
ross indi
ates 
urrent
position of Apophis [5℄

2. In�uen
e of the initial rotational state

The estimates of perturbations in the rotational dynami
s of asteroids during

approa
hes to the Earth have shown that for the asteroids with relatively slow

rotation (P > 5 h) perturbations may be large. Figure 2 demonstrates the per-

turbations in the rotation of Apophis during its approa
h to the Earth in 2029.

It 
an be seen that the rotational period may 
hange by tens of hours, and varia-

tions in the orientation of the rotational axis may rea
h ten degrees. In 
ase of the

asteroids with extremely fast rotation (P < 1 h), whi
h in
ludes, for example, as-

teroids 2012TC4 and 2023BU, the perturbations in the rotational motion during

approa
h to the Earth are negligibly small.
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Figure 2. Dependen
es of ∆P and ∆γ for Apophis due to its

approa
h to the Earth in 2029 on the possible initial (before the

moment of approa
h) values of P0 and γ0. The 
ross indi
ates


urrent position of Apophis [5℄

3. In�uen
e of the �gure

The shape of small asteroids is usually unknown or poorly de�ned. We studied the

in�uen
e of the asteroid's shape (whi
h may be des
ribed through its moments

of inertia A < B < C) on ∆P and ∆γ. It follows from the example shown on

Figure 3 that, in 
ase of Apophis, the errors in determining the asteroid �gure

(whi
h is approximated by a triaxial ellipsoid with the semi-axes a > b > c) may

lead to signi�
ant underestimates of the values of perturbations. Similar results

were obtained for other asteroids with slow rotation. In the 
ase of asteroid with

fast rotation, its shape has little in�uen
e on the estimates of the perturbation

values.

Con
lusion

Our numeri
al modeling of small asteroids approa
hing the Earth has shown that

signi�
ant perturbations in the rotational dynami
s of an asteroid take pla
e only

when it approa
hes the planet at a distan
e of less than 10 Earth radii. In 
ase of

asteroids with the rotational period P > 5 h en
ounters with the Earth may lead

to noti
eable 
hanges in the rotational speed and the orientation of the rotational

axis. In addition, pre
ise knowledge of the asteroid �gure is needed for the a

urate

estimation of the perturbation value. On the 
ontrary, for the asteroids with fast

rotation (P < 1 h) perturbations in the rotational motion are negligible, and the

shape of an asteroid has little in�uen
e on their value.

The study was funded by a grant Russian S
ien
e Foundation� 23-22-00306,

https://rs
f.ru/proje
t/23-22-00306/.
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Figure 3. Dependen
es of ∆P and ∆γ for Apophis due to its

approa
h to the Earth in 2029 on the parameters c/b and b/a,

hara
terizing the �gure of the asteroid. The 
ross indi
ates 
ur-

rent position of Apophis [5℄
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