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Introduction

The universal gravitation describes the movement of bod-
ies under gravity's action. To solve the n-body problem
of it's necessary to find an expression for the position to
each body at a given time. In order to do this we use

Newton's law of Universal Gravitation
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The Java software Triana [1], developed by the Cardiff

University, and the software Gnuplot [2] were also used
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to plot for the solutions. The usage of Triana is inter-
esting because it uses an approximation of the moviment
of the bodies in each time-step as Uniformly Accelerated
Moviment, with accuracy determined by the user.

The present work starts with the central force problem,
Kepler's laws, and then studies the two and three body
problems, as preliminary steps to the n-body problem, and

uses as main reference the book Gravity from the ground
up [3].

Result and discussions

The trajectory of the bodys are showed in each case.

Central Force Problem

The central force problem can be solved through the Orbit
program from the Triana software. This program allows
the user to solve Newton's laws for the motion of planets
in the gravitational field of a central mass, by making the
gravitational force (equation 1) that depends on the radial
distance T as 1/1°,

The user must set the time-step At, the initial velocity
Vo, the inicial position X and Yo, and the mass m; of the
central body, as well as the relative error he can tolerate
in assuming a constant acceleration. With the use of the
initial x-component of the radial distance xp on equation
2 is defined as the velocity change Av = apAt, which
defines the position change Ax = ((vo+vo+ Av)/2)At,
and once pthe desired accuracy is met, the new position
is x = xo + Ax. All of this is done in the same way for
y-component as well as x. This calculation is repeated as
many times as the user defines or until the orbit closes.
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Figure 1: Orbits of the solar system with the eccentricity
and constant p?/1° for each planet

Depending on the velocity input by the user the orbit can
be closed or not, as shown in figure 2. To discover the

escape velocity we use equation 3.
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Figure 2: Orbits of Mercury with its actual (red), escape
(green) and exceed escape velocity (blue) into the Sun's

gravitational field, and their energy plots.

It's also possible to verify the Kepler's laws with this code,
and to see the energy conservation of the system. The
first law states that the planet’s orbit should be elliptical,
and the eccentricity of the closed orbits of each planet
are showed in figure 1. The second law states that the
area swept per unit time is a constant, which is calculated
at each time-step of the program and the results appear
in figure 3. And the third law states that the square of
the period divided by the cube of the orbit average ratio
Is also a constant, which is calculated at the end of the

program and is also shown in figure 1.
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Figure 3: Numerical verification of Kepler's Area Law

(the second law) for Mercury.

Two body problem

The two body problem can be solved through the Binary
program from the Triana software. The code used also
contains a loop, where it works in the same way as Orbit,
except that the central body is no longer at rest. So it's
necessary to do the calculations for both bodies, to obtain

both positions after each time-step.
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Figure 4: Orbits of a closed binary system with zero total

momentum.

It's also possible to verify that in a closed system the mo-
mentum of the center of mass is conserved, because the
external force is zero in this case:
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So the center of mass can be at rest when the total mo-

mentum of the system is zero (figure 4), or it can move
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with constant velocity, when the total momentum of the

system is non-zero (figure 5).
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Figure 5: Orbits of a closed binary system with non-zero

total momentum.

Three body problem
The three body problem can be solved through the Mer-

cPert and Multiple programs from the Triana software.
The code of MercPert uses a loop that calculates the
moviment of a particle with a negligible mass caused by
the gravitational force of a binary system. The code used
in Multiple contains two loops, where the same calcula-
tions made in Binary are performed, but for each pair of
bodies in the system. Multiple can also be used in the

n-body problem.
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Figure 6: Orbits of the restricted three body problem.
Note that the orbits aren't closed.
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Figure 7: Result of a three body interaction where a
binary system is disrupted by the third body.

Summary and conclusions

With the use of basic physics it is possible to plot numeri-
cal solutions of physical problems that require an advanced
knowlegde in mechanics. Using this same software we ex-

pect to achieve numerical results for the n-body problem.
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