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The purpose of this research is to develop a program for approximating the orbits of an 
N-body problem. During our research, we successfully simulated the 2-body problem of 
the Moon orbiting Earth and the 3-body problem of Earth and Mars orbiting the Sun. This 
data was then graphed in Excel to see the paths of the bodies as time progressed. Finally, 
the propagated error was calculated using the Law of Conservation of Energy.

Abstract

Taking the data produced from the simulations, the initial and final total energy for each 
orbital system was calculated and is shown above in the Tables 1 and 2. Using 
calculations of percent error from the initial values, it can be seen that this program 
simulates the Earth-Moon system and maintains the total energy within .0235% of its 
initial value over the course of 27 days. We simulate the Earth-Mars-Sun system within 
.252% of the initial total energy over the course 365 days.
While these errors are relatively small, there is room for improvement. Potential future 
updates to the program will include computation speed improvements through the 
inclusion of parallel computing algorithms, improvement in long-term stability of 
simulations by including error-mitigating or symplectic algorithms, and minor ease-of-life 
changes such as the ability to change the output file name.

Conclusions

Introduction
The basis of this research revolves around the Newton's Law of gravitation which states 
that any particle of matter in the universe will attract any other particle of matter with a 
force proportional on the product of their masses and inversely proportional to the 
square of the distance between them as stated below.

𝐹 =
𝑚1𝑚2𝐺

𝑟2
While analytic solutions works for a 2-body problem, the addition of more bodies to the 
system produces a problem that has no analytical solution. In order to get solutions to 
this problem, an approximative time-stepping algorithm must be used to produce the 
orbital paths of the planets. In doing this, the position for each of the bodies can be 
found with an error proportional to the size of the time step raised to some power based 
on the order of the algorithm used.

In order to visualize the simulations, the data outputted from the program was graphed 
in excel to produce Figures 2 and 3. The orbits are easily understood in these graphs, but 
they may hide inaccuracies in the data itself. Since this simulation models a conservative 
system, the total energy should remain constant. In order to verify this program’s 
accuracy, the initial and final total energy in the system can be compared.

Results and Discussion

When using approximative algorithms, it is important to find a balance between the 
accuracy of the solution and the time taken to calculate it. A Runge-Kutta algorithm of 
fourth order (RK4) was chosen for this problem since it offers a good balance of accuracy 
and computation time. The RK4 algorithm uses weighted averages from incremented 
approximations of the force function F(r), to determine the next value for the position of 
a body in motion. The algorithm structure is shown below.

The choice of C++ for development was made in order to satisfy the need for fast 
computations. The first part of this program developed was the calculative backend, 
which uses RK4 to take a set of initial conditions and step through time. However, in 
order for the program to perform these calculations for a dataset specific to any potential 
user, a GUI needed to be developed. The Microsoft Foundation Class (MFC) library was 
used to develop the interface shown in Figure 1. The application is able to take in the 
initial conditions for any number of bodies in an orbital system, store them in a database, 
and output the position and velocity values at each timestep to a .csv file.

Figure 1. GUI for the Orbital Analysis and Design Toolkit

Figure 3. Earth and Mars orbiting about the Sun
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Calculative Methods

Figure 2. Moon orbiting about the Earth

Table 2. Data for Earth and Mars orbiting the Sun

Table 1. Data for Moon orbiting the Earth

Total Potential Energy [J] -8.06E+31 Total Potential Energy [J] -8.06E+31

Total Kinetic Energy [J] 4.29E+28 Total Kinetic Energy [J] 4.29E+28

Total Energy [J] -8.06E+31 Total Energy [J] -8.05E+31

%Error of Total Energy 2.35E-02

Initial Final

 

Total Potential Energy [J] -5.80E+33 Total Potential Energy [J] -5.72E+33

Total Kinetic Energy [J] 2.98E+33 Total Kinetic Energy [J] 2.90E+33

Total Energy [J] -2.82E+33 Total Energy [J] -2.82E+33

%Error of Total Energy 2.52E-01

Initial Final


