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Introduction

Mankind explores the space from time out of mind. There are many bodies in the space
influencing more or less the life on our Earth. To describe the motion of various spatial
bodies may be useful even for future. This paper does not solve the problem in detail. It
develops only a very simple model based on multi-body dynamics that describes spatial
motion of a asteroid flying inside our Solar system and it is more useful for students en-
tering the dynamics of bodies and mystery of MATLAB [1, 3].

Physical model

Considering the dimension of modelled space, the whole Solar system is simulated as a
system of mass points. There is the Sun that is fixed and all the other planets inluding
our Earth’s Moon circulating around along the given trajectories. These trajectories are
fixed by boundary conditions based on astronomical literature [2, 4, 5]. For each planet
(or the Earth’s Moon), semimajor axis a and excentricity e of its trajectory are defined
[2, 4, 5]. Furthermore, period of revolution T , perihelium length ϕ, argument of perihe-
lium width ω and inclination related to the ecliptic of Earth i are defined [2, 4, 5]. These
characteristics define the initial position and motion of all the planets and the Earth’s
Moon. Moreover, each body has its mass m and also the radius R of each body supposing
spherical shape is considered [2, 4, 5] since the collision detection.

The asteroid is given by initial position and velocity in space (three components for
position and three components for velocity). Each planet including the Sun and the
Earth’s Moon acts by gravitational force to the asteroid. No planet (or the Earth’s
Moon) deflection is considered. Hence, one have defined the three ordinary differential
equations of motion of the second order

mẍ(t) = Ftotal(t) (1)

with initial conditions specifying initial position vector and initial velocity vector

x(0) = x0, ẋ(0) = v0 (2)

for three spatial positions where m and x are mass and vector of position of the asteroid
and Ftotal(t) is the sum of all force vectors acting on the asteroid at a given time

Ftotal(t) =
11∑

j=1

Fj(t) (3)

where parameter j covers the Sun, the Earth’s Moon and nine further planets in our Solar
system. These vectors depend on relative position of asteroid and particular interacting
body that can be simply developed. The gravitational force vector F between two bodies
is defined as

F = κ
m1m2

|r|3
r (4)



where κ is the gravitational constant, m1 and m2 are the masses of the two bodies and
the vector r is the distance vector betweem the two bodies. To know this vector at each
solution time step, one has to know the position of each body at a given time. The
position of the asteroid is unknown solution of our problem but each other body in the
system has a given trajectory. The current position xj of the particular body of the mass
mj on the trajectory at time t is computed by

xj(t) =

 cos i 0 − sin i
0 1 0

sin i 0 cos i


 cos ω − sin ω 0

sin ω cos ω 0
0 0 1


 ae cos 2πt

T
+ ϕ√

a2 − a2e2 sin 2πt
T

+ ϕ
0

 (5)

where all the variables used for a particular body are described above. The Sun is static.
Rewritting it to form

xj(t) = Ri
jR

ω
j x̄j(t), (6)

vector x̄j(t) indicates the position at the allipse at the given time, matrix Rω
j means the

rotation of the ellipse in its plane around its focal point by angle ω and matrix Ri
j means

the spatial rotation of the elipse by angle i in relation to the ellipse of the Earth. Hence,
the particular force vector Fj in equation 3 can be written in form

Fj(t) = κ
mjm

|xj(t)− x(t)|3
[xj(t)− x(t)] . (7)

Model in MATLAB

The whole situation can be very shortly implemented into MATLAB. The basic geomet-
rical and dynamical values are saved in a matrix with twelve rows for the Sun, the Earth’s
Moon, nine particular planets and the asteroid. Particular columns define mass, radius,
semimajor axis, excentricity, period of revolution, perihelium length, argument of peri-
helium width and inclination respectively. Where the particular position inside matrix
is not applicable, there is zero (e.g. the Sun has no inclination) or some further specific
values (e.g. initial position and velocity for the asteroid).

The system of three ordinary differential equation of the second order is splitted into the
system of six ordinary differential equation of the first order using substitution as

ẋ(t) = v(t)
mv̇(t) = Ftotal(t)

⇔ Ẋ(t) = R(t) (8)

where

X(t) =

[
x(t)
v(t)

]
and R(t) =

[
v(t)

1
m
Ftotal(t)

]
(9)

with initial condition

Ẋ(0) =

[
x0

v0

]
. (10)

Consider that both vectors x(t) and v(t) are defined in space and hence, the both final
vectors X(t) and R(t) have six components. To the system of the first order ordinary
differential equations 8, ODE23 inbuilt MATLAB function is applied. Furthermore, the
EventFunction is used in order to detect possible collision between asteroid and some



Figure 1: Asteroid’s trajectory during 2005 years

Figure 2: Asteroid crashed into the Sun after 54 years



other body.

Simulation and results

M-file called MainRun.m defines all the values, calls the SystemODE.m function that is
a right-hand side of the system of the ordinary differential equations and provides figures
including results and animation. There is the EventFunction called Crash.m set as the
parameter of the ODE23 solver to detect possible collision and stop the simulation in
case of a collision. Supplementary function GetPosition.m returns the vector of relative
positions between the asteroid and particular body at the given time.

Applying sutable initial conditions especially for position and velocity of the asteroid, one
can simulate several cases. Case on Figure 1 (see movie) describes the situation where
the asteroids is caught by the Sun and it starts to revolute with decreasing semimajor
axis. Let it run further, the asteroid would collide to the Sun. The axis are written in
astronomical units where 1AU ≈ 1.5 · 108km. Case on Figure 2 (see movie) describes
the situation where the asteroids crashes into the Sun. The average time of simulation
describing two thousand years on regular PC is about ten till twenty seconds seconds.

Conclusion

Using MATLAB and its inbuilt functions, we have simply numerically implemented the
equation of motion of a mass point in the force field. The force filed is the gravity field
generated by the bodies of our Solar system with prescribed motion. Changing the initial
conditions such as position in space and velocity, one can simulate the trajectory including
collision detection for asteroid of a given mass.
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Contacts: Ing. Luděk Hynč́ık, Ph.D., University of West Bohemia in Pilsen, Depart-
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