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Four 7.5-kg Spheres Are Located At The Corners Of A Square Of Side 0.80 M. Calculate The
gravitational force exerted on a point mass placed at various positions relative to these spheres. This
problem is a classic example of applying Newton's Law of Universal Gravitation and vector addition
principles to determine the net gravitational force at different points in a symmetric system. In this
article, we will explore how to approach such a calculation step-by-step, providing detailed
explanations of the physics involved, mathematical techniques for calculation, and practical insights
into similar problems.

Understanding the Problem Setup

Before delving into the calculations, it is essential to understand the physical configuration and what
is being asked.

System Description

- There are four identical spheres, each with a mass of 7.5 kg.

- These spheres are placed at the four corners of a square.

- The side length of the square is 0.80 meters.

- The question typically involves calculating the net gravitational force at a specific point, such as the
center of the square, or at some other location relative to the spheres.

Common Scenarios Addressed

- Calculating the gravitational force at the center of the square due to the four spheres.
- Analyzing the force at a point outside or inside the square.
- Understanding the symmetry and how it simplifies calculations.

In this article, we will focus on calculating the gravitational force at the center of the square due to
the four spheres, as this is a common and illustrative problem.



Fundamental Concepts and Equations

To solve this problem, we need to understand and apply key physics principles.

Newton's Law of Universal Gravitation

The force between two point masses \( m 1\) and \( m_2 ) separated by a distance \( r) is given by:

\[

F=G\frac{m 1 m 2}{r*2}
\]

where:

-\( F) is the magnitude of the gravitational force.
-\( G) is the gravitational constant, approximately \( 6.674 \times 10~ {-11} \,
\text{Nm} ~2/\text{kg}~2\).

Vector Nature of Gravitational Force

Gravitational forces are vector quantities; their directions are attractive and point along the line
connecting the two masses. When multiple forces act on a point, the net force is the vector sum of all
individual forces.

Symmetry and Simplification

- Due to the symmetry of the configuration, many force components cancel out, simplifying
calculations.

- For the center of the square, the forces from pairs of spheres can be combined based on their
symmetry.

Calculating the Force at the Center of the Square

Let's now proceed step-by-step to compute the gravitational force at the square's center due to the
four spheres.

Step 1: Determine the Distance from the Center to Each



Sphere

Since the spheres are at the corners of a square with side length \( a = 0.80\, \text{m} \), the
distance from the center to any corner (diagonal's midpoint) is:

\[
r = \frac{a}{\sqrt{2}}
\]

Calculating:

\[
r = \frac{0.80} {\sqrt{2}} \approx \frac{0.80}{1.4142} \approx 0.566\, \text{m}

\]

This is the distance from the center to each sphere.

Step 2: Calculate the Force Due to One Sphere

Using Newton's Law:

\[
F {\text{single}} = G \frac{m \times m}{r~2} = G \frac{(7.5\, \text{kg})"~2}{r"2}

\]

Plugging in the numbers:

\[
F {\text{single}} = 6.674 \times 10~ {-11} \times \frac{(7.5)"2}{(0.566)"2}

\]

Calculating numerator:

\[
(7.5)"2 = 56.25
\]

Calculating denominator:

\[
(0.566)"2 \approx 0.320

\]
So,
\[

F {\text{single}} \approx 6.674 \times 10" {-11} \times \frac{56.25}{0.320} \approx 6.674 \times
10~{-11} \times 175.78



\]
Finally:

\[
F {\text{single}} \approx 1.173 \times 10~ {-8} \, \text{N}
\]

This is the magnitude of the force exerted by one sphere on a test mass placed at the center.

Step 3: Determine the Resultant Force Considering Symmetry

Since all four spheres exert forces of equal magnitude, and the configuration is symmetric, the net
force can be found by vector addition:

- The forces from opposite corners are directed along lines pointing toward the spheres.
- Due to symmetry, the horizontal (x) components cancel out, and only the vertical components add

up.
Each force vector makes a 45° angle with the axes because of the square's symmetry.

Breaking the force into components:

\[

F x = F\cos 45" \circ = F \times \frac{\sqrt{2} }{2} \approx 0.707 F
\]

\[

F y = F \times 0.707

\]

Since the forces are symmetrically placed, the net force along each axis is:

\[
F {\text{net, axis}} = 2 \times F \times \cos 45" \circ \quad \text{(for both pairs)}
\]

But more straightforwardly, because the forces from diagonally opposite spheres are equal and
symmetric, the resultant net force magnitude at the center is:

\[
F {\text{net}} = 4 \times F \times \cos 45" \circ = 4 \times 1.173 \times 10" {-8} \times 0.707
\]

Calculating:

\[

F {\text{net}} \approx 4 \times 1.173 \times 10" {-8} \times 0.707 \approx 4 \times 8.306 \times
10”{-9} \approx 3.322 \times 10~ {-8} \, \text{N}

\]



This is the magnitude of the net gravitational force at the center of the square.

Practical Implications and Similar Problems

Understanding how to compute gravitational forces in symmetric systems has broad applications,
from astrophysics to engineering.

Applications in Astrophysics

- Calculating gravitational forces between celestial bodies arranged in symmetric configurations.
- Analyzing the stability of satellite clusters or space station modules.

Engineering and Design Considerations

- Designing systems where gravitational forces might influence component placement.
- Understanding gravitational interactions in dense particle systems or granular materials.

Other Variations of the Problem

- Calculating forces at points outside the square.
- Considering non-uniform mass distributions.
- Analyzing the effect of different geometries (e.g., rectangular, triangular).

Summary of Key Steps and Takeaways

- Identify the geometry and symmetry of the system to simplify calculations.
- Calculate the distance from the point of interest to each mass.

- Determine the individual gravitational force using Newton's Law.

- Decompose forces into components, considering angles due to symmetry.
- Sum components vectorially to find the net force.

- Interpret the result in the context of the physical system.



Conclusion

Calculating the gravitational force in a symmetric system involving multiple masses requires a clear
understanding of Newton's Law, vector addition, and symmetry principles. For the specific case of
four spheres at the corners of a square, the problem illustrates how symmetry simplifies the
mathematics and provides insight into the nature of gravitational interactions. Mastering these
techniques equips you to analyze more complex systems and deepen your understanding of
fundamental physics principles.
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Frequently Asked Questions

What is the gravitational force between two 7.5 kg spheres
separated by 0.80 m?

Using Newton's law of gravitation: F = G (m1 m2) /r~2, where G = 6.674x107-11 N-m?/kg?, m1 =
m2 = 7.5 kg, and r = 0.80 m. Calculating: F = (6.674x10"-11) (7.5 7.5) / (0.80)"2 = 7.36x10"-10
N.

What is the net gravitational force at the center of the square
due to all four spheres?

Each sphere exerts a force of approximately 7.36x107-10 N directed toward it. Due to symmetry,
the horizontal and vertical components cancel pairwise, resulting in a net zero force at the center.

How would you calculate the gravitational potential energy of
the system of four spheres?

Calculate the potential energy for each pair: U = -G m1 m2 / r. Sum over all six unique pairs, with
each pair separated by 0.80 m. Total potential energy is U total = 6 [- (6.674x107-11) (7.5)"2/
0.80] = -3.33x10™-9J.



If one sphere is moved to a new position, how does that affect
the gravitational interaction within the system?

Moving a sphere changes the distances between it and the other three spheres, altering the
gravitational forces and potential energy. The system's equilibrium and net forces need recalculation
based on the new positions.

What assumptions are made when calculating the
gravitational forces between the spheres in this problem?

Assumptions include treating the spheres as point masses, neglecting other forces such as air
resistance or electromagnetic interactions, assuming a vacuum environment, and considering static
conditions without motion.

Additional Resources
Four 7.5-kg Spheres Are Located At The Corners Of A Square Of Side 0.80 M. Calculate The

Introduction

In the realm of classical mechanics, the study of forces and energy interactions among discrete
objects provides foundational insights into the behavior of physical systems. Among such systems,
arrangements involving multiple masses positioned in geometric configurations serve as ideal
models for exploring gravitational interactions, potential energy distributions, and the principles
governing equilibrium and stability. One such configuration involves four identical spheres
positioned at the corners of a square, each with a mass of 7.5 kg, separated by a side length of 0.80
meters.

This article embarks on a comprehensive investigation into the problem of calculating the
gravitational potential energy of this configuration, as well as exploring related forces and potential
stability considerations. The primary focus is an in-depth computational analysis, supplemented by
theoretical insights, to understand the underlying physics governing such arrangements.

Geometric and Physical Setup
Description of the System

The system consists of four identical spheres, each with a mass \( m = 7.5\, \text{kg} \). These are
positioned at the vertices of a square with side length \( s = 0.80\, \text{m} \). The configuration is
symmetric, with the spheres occupying positions at coordinates:

- Sphere 1: \((0, 0)\)
- Sphere 2: \((s, 0)\)
- Sphere 3: \((s, s)\)



- Sphere 4:\((0, s)\)
This arrangement lends itself to analysis using symmetry to simplify calculations.
Objective of the Calculation

The primary goal is to compute the gravitational potential energy \( U \) of the system, which
involves summing the pairwise potential energies resulting from Newtonian gravity:

\[
U =-G\sum {i



