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7.4: Coulomb's Law

Learning Objectives

By the end of this section, you will be able to:

o State Coulomb’s law in terms of how the electrostatic force changes with the distance between two objects.
o Calculate the electrostatic force between two charged point forces, such as electrons or protons.
o Compare the electrostatic force to the gravitational attraction for a proton and an electron; for a human and the Earth.

Through the work of scientists in the late 18th century, the main features of the electrostatic force—the existence of two types of
charge, the observation that like charges repel, unlike charges attract, and the decrease of force with distance—were eventually
refined, and expressed as a mathematical formula. The mathematical formula for the electrostatic force is called Coulomb’s law
after the French physicist Charles Coulomb (1736-1806), who performed experiments and first proposed a formula to calculate it.

Figure 7.4.1: This NASA image of Arp 87 shows the result of a strong gravitational attraction between two galaxies. In contrast, at
the subatomic level, the electrostatic attraction between two objects, such as an electron and a proton, is far greater than their
mutual attraction due to gravity. (credit: NASA/HST)

Definition: Coulomb’s Law

Coulomb’s law calculates the magnitude of the force F’ between two point charges, ¢; and g, separated by a distance r.
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The electrostatic force is a vector quantity and is expressed in units of newtons. The force is understood to be along the line joining
the two charges. (Figure 7.4.2)

Although the formula for Coulomb’s law is simple, it was no mean task to prove it. The experiments Coulomb did, with the
primitive equipment then available, were difficult. Modern experiments have verified Coulomb’s law to great precision. For
example, it has been shown that the force is inversely proportional to distance between two objects squared (F o<1/ rz) to an
accuracy of 1 part in 10'6. No exceptions have ever been found, even at the small distances within the atom.
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Figure 7.4.2: The magnitude of the electrostatic forceF' between point charges gq; and ¢, separated by a distance r is given by
Coulomb’s law. Note that Newton’s third law (every force exerted creates an equal and opposite force) applies as usual—the force
on ¢ is equal in magnitude and opposite in direction to the force it exerts on ¢ . (a) Like charges. (b) Unlike charges.
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Example 7.4.1: How Strong is the Coulomb Force Relative to the Gravitational Force?

Compare the electrostatic force between an electron and proton separated by 0.530 X 10

between them. This distance is their average separation in a hydrogen atom.

m with the gravitational force

Strategy
. . . , lq1g2
To compare the two forces, we first compute the electrostatic force using Coulomb’s law, F' = k - We then calculate the
r
gravitational force using Newton’s universal law of gravitation. Finally, we take a ratio to see how the forces compare in
magnitude.
Solution

Entering the given and known information about the charges and separation of the electron and proton into the expression of
Coulomb’s law yields
F—k |1 32|
r
(1.60 x 107°C)(1.60 x 107'°C)

=(8.99 x 10°N - m?/C?) x
( /¢%) (0.530 x 1070m)?2

Thus the Coulomb force is
F=819x10°N.

The charges are opposite in sign, so this is an attractive force. This is a very large force for an electron—it would cause an
acceleration of 8.99 x 10??m/s*(verification is left as an end-of-section problem).The gravitational force is given by
Newton’s law of gravitation as:
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Fe=G
where G =6.67 x 101 N - m? /kg? . Here m and M represent the electron and proton masses, which can be found in the
appendices. Entering values for the knowns yields

(9.11 x 10731kg)(1.67 x 10"2"kg)
(0.530 x 107 10m)2

Fg = (6.67 x 107 "' N - m? /kg?) x =3.61x10YN
This is also an attractive force, although it is traditionally shown as positive since gravitational force is always attractive. The
ratio of the magnitude of the electrostatic force to gravitational force in this case is, thus,

F 39
=2.27 x10%".
o 7 x10

Discussion

This is a remarkably large ratio! Note that this will be the ratio of electrostatic force to gravitational force for an electron and a
proton at any distance (taking the ratio before entering numerical values shows that the distance cancels). This ratio gives some
indication of just how much larger the Coulomb force is than the gravitational force between two of the most common particles
in nature.

As the example implies, gravitational force is completely negligible on a small scale, where the interactions of individual charged
particles are important. On a large scale, such as between the Earth and a person, the reverse is true. Most objects are nearly
electrically neutral, and so attractive and repulsive Coulomb forces nearly cancel. Gravitational force on a large scale dominates
interactions between large objects because it is always attractive, while Coulomb forces tend to cancel.

Summary

e Frenchman Charles Coulomb was the first to publish the mathematical equation that describes the electrostatic force between
two objects.
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e Coulomb’s law gives the magnitude of the force between point charges. It is F' = k—2, where ¢; and g2 are two point
r
charges separated by a distance r, and k ~ 8.99 x 10° N - m? /C*
e This Coulomb force is extremely basic, since most charges are due to point-like particles. It is responsible for all electrostatic

effects and underlies most macroscopic forces.
o The Coulomb force is extraordinarily strong compared with the gravitational force, another basic force—but unlike

gravitational force it can cancel, since it can be either attractive or repulsive.
o The electrostatic force between two subatomic particles is far greater than the gravitational force between the same two

particles.

Glossary

Coulomb’s law
the mathematical equation calculating the electrostatic force vector between two charged particles

Coulomb force
another term for the electrostatic force

electrostatic force
the amount and direction of attraction or repulsion between two charged bodies

Contributors and Attributions

o Paul Peter Urone (Professor Emeritus at California State University, Sacramento) and Roger Hinrichs (State University of New
York, College at Oswego) with Contributing Authors: Kim Dirks (University of Auckland) and Manjula Sharma (University of
Sydney). This work is licensed by OpenStax University Physics under a Creative Commons Attribution License (by 4.0).

This page titled 7.4: Coulomb's Law is shared under a CC BY license and was authored, remixed, and/or curated by OpenStax.

e Current page by OpenStax is licensed CC BY 4.0.
e 18.3: Coulomb's Law by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/college-physics.

https://phys.libretexts.org/@go/page/47051


https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/@go/page/47051?pdf
http://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/Courses/Skyline/Survey_of_Physics/07%3A_Electricity/7.04%3A_Coulomb's_Law
https://creativecommons.org/licenses/by/
https://openstax.org/
https://phys.libretexts.org/@go/page/47051
https://openstax.org/
https://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/@go/page/2537
https://openstax.org/
https://creativecommons.org/licenses/by/4.0/
https://openstax.org/details/books/college-physics

