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Reminder

Electrostatics: interactions between electric 
charges that are at rest.

An electric charge is a property of matter that 
causes two objects to attract or repel depending 
on their charges (positive or negative).

Coulomb: SI unit of electric charge, Q.
• Charge of the proton/electron is 1.6 x 10-19 C.
• Static electricity from rubbing materials 

together is a few μC.
• Lightning bolt is 10s – 100s of C.
• AA battery ~ 5kC.



Electric charges attract or repel each other 
because they exert forces on each other.

1. Like charges repel each other, and unlike 
charges attract one another.

2. The attraction or repulsion acts along a line 
between the two charges.

3. The magnitude of the electric force between 
two point charges is directly proportional to 
the product of their charges and inversely 
proportional to the square of the distance 
between them.

Coulomb’s Law
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r: distance between charges, 
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Coulomb’s Law

SI Units:

F: force [Newtons, N]
q: charge magnitude [Coulombs, C]
r: distance between charge [metres, m]
k: Coulomb’s constant, 9 × 109 Nm2C−2

𝑘 =
1

4𝜋𝜀'
=

1
4 ∗ 3.14 ∗ 8.85×10/01

= 9×103



What is the force between two point charges, 10 x 10-5 C and 10 x 10-4 C, separated 
by a distance of 10 m? 

Coulomb’s Law

𝐹 = 𝑘
𝑞0𝑞1
𝑟1

= 9 × 103 ∗ 0' × 0'
78 ∗ 0' × 0'79

0':

= 9 ∗ 0'∗0'
0'∗0'

= 9 N

q1 q2

r



What does 10 zN (‘zepto Newtons’) mean?

a) 103 N

b) 10-6 N

c) 10-9 N

d) 10-21 N

e) 1024 N sli.do/1e4
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The electrostatic process is what 
makes copies in a photocopier.

It uses a selenium-coated aluminium 
drum because selenium has an 
interesting property - it is an insulator 
when in the dark, and a conductor 
when exposed to light.

à semiconductor!

Coulomb’s Law in the real world



• In the first stage of the xerography 
process, a negative charge is induced 
under a thin layer of positively charged 
selenium.

• The surface of the drum is then 
exposed to the image to be copied, 
and where the image is light, the 
positive charge is neutralized, and 
where the image is dark, the positive 
charge remains. The image has now 
been transferred to the drum.

Coulomb’s Law in the real world



• Then, a dry black powder, called 
toner, is sprayed with a negative 
charge, which will be attracted to the 
positive areas of the drum.

• A blank piece of paper is given a 
greater positive charge than the 
drum, so that it will pull the toner 
from the drum, and finally, the paper 
and toner are passed through heated 
rollers that melt and permanently 
adhere the toner to the paper.

Coulomb’s Law in the real world



Electric Field

An electric charge 
produces an electric 
field, which is a region 
of space around an 
electrically charged 
particle or object in 
which an electric 
charge would feel force.



Electric Field

We can measure 
the electric field 
produced by A with 
a test charge.

Electric field is 
defined as 
the electric force 
per unit charge.



Electric Field

The magnitude of electric field can be defined as: 

𝐸 =
𝐹
𝑞

where F is force [Newtons, N]
q is charge [Coulombs, C]
E is electric field [N/C]

Note: Another SI unit of electric field is Volts per metre [V/m] 
(in terms of base SI units that’s actually kg m s−3 A−1)



Electric Field

Using a unit vector that points away from the origin, we can write a vector 
equation that gives both the magnitude and the direction of the electric field.

Since E = F/q, remembering Coulomb’s Law:

𝐸 =
1

4𝜋𝜀'
𝑞
𝑟1
= 𝑘

𝑞
𝑟1



Electric Field

The magnitude of electric field at a point due to a group of source charges is:

𝐸 = 𝑘=
>

𝑞>
𝑟>1

e.g., if there were 2 charges,  𝐸 = 𝐸0 + 𝐸1



Electric Field



Electric Field

https://phet.colorado.edu/sims/html/charges-and-fields/latest/charges-and-
fields_en.html

An electric field is a region of space around an electrically charged particle or 
object in which an electric charge would feel force.

An electric field is a vector quantity and can be visualized as arrows going 
toward or away from charges. The lines are defined as pointing radially outward, 
away from a positive charge, or radially inward, toward a negative charge.

https://phet.colorado.edu/sims/html/charges-and-fields/latest/charges-and-fields_en.html


NASA’s THEMIS mission aims to 
determine what physical process 
in near-Earth space initiates the 
violent eruptions of the aurora 
that occur during substorms in 
the Earth's magnetosphere.

The Electric Field Instrument 
(EFI) is designed and built to 
sense the electric field in Earth's 
ever-changing magnetosphere.

https://www.nasa.gov/mission_pages/themis/spacecraft/EFI.html

Electric fields in the real world

https://www.nasa.gov/mission_pages/themis/spacecraft/EFI.html


Electric fields in the real world

https://www.sciencemag.org/news/2017/06/electric-fields-tease-buried-brain-cells-action

Using “freshman physics,” neuroscientists have deployed electric fields to stimulate neurons 
buried deep in the brains of mice—a method that could one day lead to noninvasive
therapies for people with Parkinson’s disease and other brain disorders.

https://www.sciencemag.org/news/2017/06/electric-fields-tease-buried-brain-cells-action


An electric field line is an 
imaginary line or curve whose 
tangent at any point is the 
direction of the electric field 
vector at that point.

Electric field lines



An electric field line is an 
imaginary line or curve whose 
tangent at any point is the 
direction of the electric field 
vector at that point.

The spacing of field lines gives a 
general idea of the magnitude 
of the electric field at each 
point.

Electric field lines



Field lines point away from + charges and toward – charges. 

Electric dipoles



Electric dipoles

Repulsive dipole



Electric dipoles

Quadrupole



Electric dipoles in the real world

The water molecule as a whole 
is electrically neutral, but the 
chemical bonds within the 
molecule cause a displacement 
of charge.

The result is a net negative 
charge on the oxygen end of 
the molecule and a net positive 
charge on the hydrogen end, 
forming an electric dipole.



In both boxes below, there is a positive charge within the box, which produces an outward 
pointing electric flux through the surface of the box.
The field patterns on the surfaces of the boxes are different in detail, since the box on the left 
contains one point charge, and the box on the right contains two.

Electric flux



When there are negative charges inside the box, there is an inward pointing electric flux on 
the surface.

Electric flux



When there is zero charge 
inside the box, then there 
is no electric flux into or 
out of the box.

Electric flux

When there is zero net charge inside the 
box, the field ‘flows into’ the box on half 
its surface, and out on the other half 
– no net flux in or out.



Electric flux is the rate of flow of 
the electric field through a given 
area. 

It is proportional to the number 
of electric field lines going through 
a virtual surface.

Electric flux



The net electric flux is directly proportional to the net amount of charge enclosed within the 
surface.

Electric flux



• Coulomb’s Law: CH  21

𝐹 = 𝑘
𝑞0𝑞1
𝑟1

• Electric fields and field lines: CH 21
𝐸 = @𝐹 𝑞

• Electric flux CH 22

Next time: Gauss’ Law, electric potential CH 22/23

Summary


