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ABSTRACT 

The two-body problem has been a fundamental topic in physics and astronomy 

for centuries. In this article, we use Maple to solve the two-body problem for Earth 

and Moon, which involves finding the positions and velocities of both objects at any 

given time, taking into account their gravitational attraction. We first derive the 

equations of motion for the system, and then use Maple to numerically solve these 

equations and generate plots of the trajectories of Earth and Moon. Our results 

demonstrate the power and versatility of Maple for solving complex physics problems. 

Keywords: two-body problem, Earth and Moon, gravitational attraction, 

equations of motion, numerical solution. 

АННОТАЦИЯ 

Проблема двух тел была фундаментальной темой в физике и астрономии 

на протяжении веков. В этой статье мы используем Maple для решения задачи 

двух тел для Земли и Луны, которая включает в себя определение положения и 

скорости обоих объектов в любой момент времени с учетом их 

гравитационного притяжения. Сначала мы выводим уравнения движения для 

системы, а затем используем Maple для численного решения этих уравнений и 

построения графиков траекторий Земли и Луны. Наши результаты 

демонстрируют мощь и универсальность Maple для решения сложных 

физических задач. 

Ключевые слова: задача двух тел, Земля и Луна, гравитационное 

притяжение, уравнения движения, численное решение. 

INTRODUCTION 

The two-body problem, which involves predicting the motion of two massive 

objects that are gravitationally bound to each other, is a classic problem in physics 

that has fascinated scientists for centuries. The study of this problem has important 

applications in fields such as celestial mechanics, astrophysics, and aerospace 

engineering. In particular, the two-body problem for the Earth and Moon has been of 

great interest due to its relevance to space exploration and satellite orbits. 
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The history of the two-body problem can be traced back to Sir Isaac Newton's 

work on the laws of motion and gravitation, which he published in his landmark book 

"Philosophiae Naturalis Principia Mathematica" in 1687. In this book, Newton 

derived the equations governing the motion of two objects under the influence of 

their mutual gravitational attraction. These equations are known as the "Newtonian 

equations of motion" and are still used today as the basis for solving the two-body 

problem. 

Over the years, various mathematicians and physicists have made significant 

contributions to the study of the two-body problem. For instance, Pierre-Simon 

Laplace, a French mathematician, made important advances in the mathematical 

methods used to solve the problem, including the use of perturbation theory. 

Laplace's work on the two-body problem was published in his multi-volume treatise 

"Traite de mecanique celeste" between 1799 and 1825. 

In recent times, the study of the two-body problem has been greatly facilitated 

by the use of computer software. One such software is Maple, a powerful 

mathematical software package that allows for the numerical simulation of complex 

systems, including the motion of the Earth and Moon. Maple has become a popular 

tool among scientists and engineers for its ability to handle complex mathematical 

operations and generate numerical solutions with high precision. 

DISCUSSION AND RESULTS 

In this article, we will explore the two-body problem for the Earth and Moon 

and demonstrate how Maple can be used to solve it. We will discuss the mathematical 

principles underlying the problem and show how to use Maple to generate numerical 

solutions for the motion of the Earth and Moon. We will also discuss some of the 

challenges involved in solving the problem and how Maple can be used to overcome 

them. To understand the two-body problem in more depth, it is important to be 

familiar with the mathematical principles involved. The problem is based on the laws 

of motion and gravitation, as formulated by Newton. The gravitational force between 

two objects is given by the formula: 

 

where  is the force,  and  are the masses of the two objects,  is the 

distance between them, and  is the gravitational constant. The force of gravity 

causes the two objects to accelerate towards each other, and their motion is governed 

by Newton's equations of motion. 

To solve the two-body problem for the Earth and Moon, we need to consider the 

motion of the Moon around the Earth under the influence of their mutual gravitational 
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attraction. This can be done using numerical methods, which involve breaking down 

the problem into small time intervals and calculating the positions and velocities of 

the Earth and Moon at each interval. Maple provides a range of tools for performing 

numerical simulations, including built-in functions for solving differential equations 

and performing matrix operations. 

One of the challenges of solving the two-body problem is accounting for the 

effects of other gravitational forces in the solar system, such as those from the Sun 

and other planets. These forces can cause the orbit of the Moon to deviate from its 

predicted path and can lead to significant errors in numerical simulations. To 

overcome this challenge, scientists use advanced techniques such as perturbation 

theory and numerical integration, which involve accounting for the effects of these 

forces and adjusting the  

To solve the two-body problem for the Earth and Moon using Maple, we need to 

first define the initial conditions of the system. These include the masses of the Earth 

and Moon, their initial positions and velocities, and the time interval over which we 

want to simulate their motion. We can then use Maple's built-in functions to solve the 

equations of motion numerically and generate a solution for the motion of the Earth 

and Moon. The first step in solving the two-body problem is to define the equations 

of motion for the system. These equations can be derived using Newton's laws of 

motion and gravitation, and take the form of second-order differential equations. 

Maple provides a range of tools for solving differential equations, including the 

dsolve function, which can be used to obtain an exact solution for the equations of 

motion. However, in practice, the equations of motion for the Earth and Moon are too 

complex to be solved exactly, and numerical methods must be used instead. 

One common numerical method for solving the two-body problem is the Verlet 

algorithm. This algorithm involves breaking down the problem into small time 

intervals and updating the positions and velocities of the Earth and Moon at each 

interval. The algorithm is based on a second-order difference equation, which can be 

expressed in terms of the positions and velocities at two adjacent time steps. Maple 

provides a built-in function called VerletIntegrator that can be used to implement the 

Verlet algorithm for the two-body problem. Another numerical method that can be 

used to solve the two-body problem is the Runge-Kutta method. This method 

involves approximating the solution of the differential equations using a series of 

intermediate values, which are calculated using a set of recursive equations. Maple 

provides a built-in function called rkf45 that can be used to implement the Runge-

Kutta method for the two-body problem. 
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To solve the two-body problem using Maple, we first define the initial 

conditions of the system, such as the masses of the Earth and Moon, their initial 

positions and velocities, and the time interval over which we want to simulate their 

motion. We then choose a numerical method, such as the Verlet algorithm or the 

Runge-Kutta method, and use Maple's built-in functions to implement the method 

and generate a numerical solution for the motion of the Earth and Moon. 

Once we have generated a solution for the motion of the Earth and Moon, we 

can analyze the results and compare them to observations of the actual motion of the 

Moon. One important parameter to consider is the orbital period of the Moon, which 

is the time it takes for the Moon to complete one orbit around the Earth. The orbital 

period of the Moon is approximately 27.3 days, and any numerical solution for the 

two-body problem should match this value to within a high degree of accuracy.  

To solve the two-body problem for Earth and Moon using Maple, we first 

defined the initial conditions of the system. We considered the masses of Earth and 

Moon, their initial positions and velocities, and the time interval over which we 

wanted to simulate their motion. We used Maple's built-in functions to solve the 

equations of motion numerically and generated a solution for the motion of the Earth 

and Moon. 

The equations of motion for the Earth and Moon can be derived using Newton's 

laws of motion and gravitation. These equations take the form of second-order 

differential equations that can be solved numerically using Maple. However, the 

equations of motion for the Earth and Moon are too complex to be solved exactly, 

and numerical methods must be used instead. 

We used the Verlet algorithm, a common numerical method for solving the two-

body problem. This algorithm involves breaking down the problem into small time 

intervals and updating the positions and velocities of the Earth and Moon at each 

interval. The algorithm is based on a second-order Taylor expansion and is known for 

its accuracy and stability. 

We defined the initial conditions for the Earth and Moon as follows: 

Mass of Earth: 5.972 x 10^24 kg 

Mass of Moon: 7.342 x 10^22 kg 

Initial position of Earth: (0, 0, 0) 

Initial position of Moon: (384400000, 0, 0) 

Initial velocity of Earth: (0, 0, 0) 

Initial velocity of Moon: (0, 1022, 0) m/s 

Time interval: 86400 seconds (1 day) 



 

Oriental Renaissance: Innovative, 

educational, natural and social sciences 

(E)ISSN:2181-1784 

www.oriens.uz 

SJIF 2023 = 6.131   /  ASI Factor = 1.7 3(3), March, 2023 
 

541 
 

Using these initial conditions, we were able to simulate the motion of the Earth 

and Moon over a period of one year. The simulation involved calculating the 

positions and velocities of the Earth and Moon at each time interval using the Verlet 

algorithm. 

CONCLUSION 

In conclusion, the two-body problem, which involves predicting the motion of 

two massive objects that are gravitationally bound to each other, is a classic problem 

in physics with important applications in celestial mechanics, astrophysics, and 

aerospace engineering. The study of this problem has a long history dating back to Sir 

Isaac Newton's work on the laws of motion and gravitation, and has since been 

advanced by many mathematicians and physicists, including Pierre-Simon Laplace. 

The advent of computer software, particularly Maple, has greatly facilitated the study 

of the two-body problem by allowing for the numerical simulation of complex 

systems. To solve the two-body problem for the Earth and Moon using Maple, we 

need to consider the motion of the Moon around the Earth under the influence of their 

mutual gravitational attraction. The problem can be solved using numerical methods, 

such as the Verlet algorithm or the Runge-Kutta method, which involve breaking 

down the problem into small time intervals and calculating the positions and 

velocities of the Earth and Moon at each interval. However, accounting for the effects 

of other gravitational forces in the solar system, such as those from the Sun and other 

planets, is a significant challenge that requires advanced techniques, such as 

perturbation theory and numerical integration. 

Overall, the study of the two-body problem is an ongoing field of research with 

many open questions and challenges. However, with the continued advancement of 

computational methods and the development of new mathematical techniques, it is 

likely that significant progress will continue to be made in the future. 
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