
Module 6: Electromagnetism

Charged Particles, Conductors and Electric and Magnetic Fields 
Inquiry question: What happens to stationary and moving charged particles when they 
interact with an electric or magnetic field? 
 
Students: 
investigate and quantitatively derive and analyse the interaction between charged 
particles and uniform electric fields, including: 

- electric field between parallel charged plates 𝐸 = 
V
d

o An electric field is a vector quantity

 Scalars are quantities that are fully
described by a magnitude (or numerical
value) alone.

 Vectors are quantities that are fully
described by both a magnitude and a
direction.

o The existence of field lines will indicate areas

where a charged particle will experience a non-
contact electric force.

o The field lines point in the direction of the force

that a small positive test charge would
experience if it were placed in the electric field.

o The denser the field lines, the stronger the

electric field.
o Each positive or negative charge will produce its own electric field. Electric 

fields from different sources may
interact with each other. See diagram
on right:

o Electric field produced by 2 parallel

charged plates seen on right
o A positive and negative test charge (which have the

same magnitude of charge) will experience forces of
the same magnitude but opposite direction in such a
field. This is illustrated by figure on right

o There is an electric potential (V) which exists between

these two charged plates. This is commonly measured
in volts. The difference in potential between the two
plates is also known as the potential difference.

o The electric field strength can be calculated:

E = V
        D 

E = Electric field strength (Vm-1)
V = Voltage (V)

D = distance (m)



- acceleration of charged particles by the electric field F⃗net = 𝑚a⃗,F⃗ = 𝑞E⃗
o The electric field strength can be thought of as the force applied per coulomb

of charge. Therefore, the magnitude of force applied to a charge in an electric
field is F = Eq

o Force can be calculated in two ways

dependent on other values you 
have:

o The arrows in the equations mean ‘in the direction of’ so for F = ma the force 

is ‘in the direction of’ the acceleration

- work done on the charge 𝑊=𝑞𝑉, 𝑊=𝑞𝐸𝑑, 𝐾 = 
1
2

 𝑚𝑣2 

o Electric potential energy is a form of energy that is stored in an electric field.

o Electric potential energy is transformed to other forms of energy when the 

field does positive work on the charged particle. That is, the direction of 
movement of the particle is in the same direction as the field’s force on the 
particle. This is also known as doing work on the field.

o Conversely, other forms of energy are transformed into electric potential 

energy when the field does negative work on the charged particle. That is, 
the direction of movement of the particle is not in the same direction as the 
field’s force on the particle. 

o Electric potential (V) is defined as the work required per

unit charge to move a positive point charge from infinity to
a place in the electric field

o When work is done by a charged object on an electric field,

object is forced to move against direction it’d naturally go 
field does negative work on object. (q1)
When work is done on a charged object by a field, object is
moving in direction it’d naturally go  field would do
positive work on the object. (q2)
If a charged object moves horizontally through the electric
field, no work is done by or on the field. (q3)

F = ma
        

F = Force (N)
m = mass (kg)

a = acceleration (m/s)

F = Eq
        

E = Electric field strength
(NC-1)

q = charge (C)
F = force (N)

REMEMBER   
When dealing with

electrons the charge is
negative!! 

Will move in opposite
direction of a positive



o The general formula for work needed to move a charge in an electric field is 

W = qV, but as in a uniform electric field V = Ed, we get W = qEd

model qualitatively and quantitatively the trajectories of
charged particles in electric fields and compare them with the trajectories of projectiles in 
a gravitational field

o In both electric fields and gravitational fields, the fields exert a non-contact force 

on objects with particular characteristics.
o In a gravitational field, a gravitational force will act on any object with 

mass.
o In an electric field, an electrical force will act on any object with charge.

o In both uniform electric fields and gravitational fields, the field strength is 

constant and the direction of acceleration is always in one direction.
o Therefore, the trajectory of any charged particles moving through a uniform 

electric field between 2 parallel plates will look exactly the same as the motion of
a projectile in a gravitational field.

o The similarities between gravitational and electric fields means we can use all of 

our equations of motion from Advanced Mechanics to perform calculations on 
the movement of charged particles in electric fields.

analyse the interaction between charged particles and uniform magnetic fields, including: 
- acceleration, perpendicular to the field, of charged particles 

o Magnetic fields are similar to electric fields in that

they are both fields that exert a non-contact force on
charged particles.

o The force exerted by magnetic fields on charged

W = qV
     

W = work done on the
point charge or on the

field (J)
q = charge (C)

V = voltage/electric
potential (V) 

W = qEd
        

W = work (J)
q = charge (C)

E = electric field strength
(NC-1)

d = distance moved (m)

𝐾 = 
1
2
 𝑚𝑣2        

K = kinetic energy
(Joules- J)

m = mass (kg)
v = velocity (m/s)


