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Engineering Electromagnetics

Chapter 2

Coulomb’s Law and Electric Field Intensity



Chapter Objectives

• Introduce Coulomb’s Experimental Law

• Understand Electric Field Intensity

• Explain Superposition of Fields 

• Understand Volume Charge Density

• Relationship between Electric Field and Volume 

Charge Distributions

Note: Sections 2.5-2.6 are omitted.
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Coulomb stated that 

The force between two very small objects 

separated in a vacuum or free space by a 

distance, which is large compared to their 

size, is proportional to the charge on each 

and inversely proportional to the square of 

the distance between them,
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Coulomb’s Experimental Law
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Force of repulsion, F, occurs when charges 

have the same sign.

Charges attract when of opposite sign

where
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Free Space Permittivity

with which the Coulomb force becomes:
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Coulomb Force with Charges Off-

Origin

In order to write the vector form of F, we 

need the additional fact that the force acts 

along the line joining the two charges

and is repulsive if the charges are alike in 

sign or attractive if they are of opposite 

sign.

If Q1 and Q2 have like

signs, the vector force F2 on Q2 is in the

same direction as the vector R12.
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Electric Field Intensity

Consider the force acting on a test charge, Qt , arising from charge Q1:

where a1t is the unit vector directed from Q1 to Qt

The electric field intensity is defined as the force per unit test charge, or

N/C

E1 is interpreted as the vector force, arising from charge Q1, that acts on a 

unit positive test charge Qt.

A more convenient unit for electric field is V/m, as will be shown.



More generally
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E is the electric field intensity evaluated at the test charge 

location that arises from all other charges in the vicinity—

meaning the electric field arising from the test charge itself 

is not included in E.



The electric field of a single point charge 

located at the origin
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Electric Field of a Charge not located 

at the Origin
If we consider a charge that is not at the 

origin of our coordinate system, the

field no longer possesses spherical 

symmetry, and we might as well use 

rectangular

coordinates.

For a charge Q located at the source point

we find the field at a general field point P
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Superposition of Fields From Two Point Charges

For n charges:
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Example

To find E at P, use

First, find the vectors:

Then: 

Find E at P(1, 1, 1) caused by four identical 3-nC (nanocoulomb) charges 

located at P1(1, 1, 0), P2(−1, 1, 0), P3(−1,−1, 0), and P4(1,−1, 0)
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Example (continued)

Find E at P, using

Now:

so that:

where
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Volume Charge Density

Given a charge Q within a volume , the volume charge density is defined as:

….so that the charge contained within a volume is 

Only one integral sign is customarily indicated, but the differential dν signifies 

integration throughout a volume, and hence a triple integration.



Example
Find the charge contained within a 2-cm length of the electron beam shown below,

in which the charge density is 
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Example (continued)

Q
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Electric Field from Volume Charge Distributions

Next, sum all contributions throughout a volume and take the limit as 

approaches zero, to obtain the integral:
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Line Charge Electric Field
Consider a filamentlike distribution of volume charge density, such as a charged conductor of

very small radius. Assume a straight-line charge extending along the z axis in a cylindrical

coordinate system from −∞ to ∞ of constant density L C/m lies along the entire z axis.

At point P, the electric field arising from 

charge dQ on the z axis is:

where

so that

Therefore

and
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Line Charge Field (continued)

We have:

By symmetry, only a radial 

component is present:
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Line Charge Field Results
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Example:  Off-Axis Line Charge

With the line displaced to (6,8), the field becomes:

where

Finally:



Sample Questions
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