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Electromagnetism



Did you study physics for the Leaving Cert?

a) Yes, higher level

b) Yes, ordinary level

c) I took the Physics and Chemistry combined subject

d) I didn’t take the Leaving Cert, but studied physics

e) No

Exam Questions – multiple choice
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Units

The International System (SI; Système International) is the most widely used system of units.
e.g., length is measured in meters, time in seconds, and mass in kilograms.

Prefixes can be used to create larger and smaller units for the fundamental quantities, 
e.g., 1 km = 103 m 

1 µm = 10−6 m

An equation must be dimensionally consistent. Terms to be added or equated must always 
have the same units. Always carry units through calculations and convert to standard units as 
needed.

For example, to find the number of seconds in 3 min, we write:



velocity, 
force,
acceleration, 
displacement,
…

A single number with a unit

scalar 

A direction and a magnitude

vector

Physical Quantities

time, 
temperature,
mass,
density,
…



A vector quantity has both a magnitude and a direction in space. 

Vectors symbols are printed in bold + italic, 
underlined (!) or with an arrow above them (")

We draw a vector as a line with an arrowhead at its tip →

We represent the magnitude of a vector by the same letter used for the vector, 

but in light italic type with no arrow, or with vertical bars, " = V ≥ 0

Vectors



Unit vector
A unit vector has a magnitude of 1 with no units, 'a = ⁄* *

Normal
The normal vector, often simply called the "normal," to a surface is a vector which 
is perpendicular to the surface at a given point.

Vectors



Addition Subtraction

Vector addition and subtraction

The order of addition doesn’t matter
(commutative law):
a + b = b + a

Basically addition with opposite vector

b – a = b + ( - a ) =  x



The physics of electricity and magnetism;
the phenomenon of the interaction of electric currents or fields and magnetic fields.

Electromagnetism

One of the four fundamental forces:

- Gravitational interactions

- Electromagnetic interactions

- Weak interaction

- Strong interaction

Electroweak
interaction Grand unified

theory

Theory of 
everything



Examples of electromagnetism in modern technology

• Motors and generators
• Transformers
• Electric bells and buzzers
• Loudspeakers and headphones
• MRI machines
• Maglev trains
• Lifting cranes
• Particle accelerators
• Mass spectrometers….

Why do we care?
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Electric charge

Electric charge is the physical 
property of matter that causes it 
to experience a force when 
placed in an electromagnetic 
field. 

Charges can be transferred from 
one object to another. An object 
is charged when it acquires a net 
electric charge. 



There are exactly two 
kinds of electric charge: 
• Negative (-)
• Positive (+)

In an atom, there are 
negative electrons, 
positive protons, and 
uncharged neutrons.

Electric charge in an atom



Electric charge in an atom

Charges of electron and proton are equal in magnitude, but the electron is 
smaller (at least 1/1000) and lighter!



Neutral atom has the 
same number of protons 
as electrons.

Electric charge

A positive ion is an 
atom with one or 
more electrons 
removed. 

A negative ion is an 
atom with an excess 
of electrons. 

Charge is conserved 



Electric charge

Electrostatics, the interactions between electric charges that are at rest (or nearly so).

à Like charges repel, unlike charges attract



https://www.physicsclassroom.com/Physics-Interactives/Static-Electricity/Aluminum-
Can-Polarization/Aluminum-Can-Polarization-Interactive

In the demonstration, the can is not a charged object. While it contains charges, it does 
not have an overall charge. The number of positive and negative charges is equal. This 
balance of the two types of charges is evidence that the aluminum can is neutral. 

As a charged object is brought near the can, the positive and negative charges are 
separated from each other and the can becomes polarised. This polarisation - or 
separation into opposites - is induced by the presence of a nearby charged object and 
explained by simple rules like opposite-charges attract and like-charges repel.

Aluminium can polarisation

https://www.physicsclassroom.com/Physics-Interactives/Static-Electricity/Aluminum-Can-Polarization/Aluminum-Can-Polarization-Interactive


Build up of electric charge in an 
object. 

- Sometimes static electricity can 
suddenly discharge, such as when a 
bolt of lightning flashes through the 
sky. 

- Other times, static electricity can 
cause objects to cling to one 
another.

Static electricity



a) Glass

b) Plastic

c) Rubber

d) Copper

e) Wood

Which of these is a conductor?
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Conductor: 
a material that permit 
electrons to flow freely from 
particle to particle, and hence 
readily conducts electricity.

Insulator: 
a material that impedes the 
free flow of electrons and 
hence does not readily 
conduct electricity.

Conductors and Insulators



Conductors and Insulators

Semiconductor

A solid substance that has a 
conductivity between that of an 
insulator and that of a 
conductor, either due to the 
addition of an impurity or 
because of temperature 
effects.

e.g. silicon, germanium



Charging by conduction

Copper is a good conductor of 
electricity, while nylon is a good 
insulator.  Here copper is used to 
charge the ball by conduction.

-- allows the charging of a neutral 
body with a charged body by 
forming a direct contact with it.



You can leave a charge on objects via 
induction, without making any direct 
contact.

1. Start with an uncharged metal ball 
supported by an insulating stand.

2. When you bring a negatively charged 
rod near it, without actually touching
it, the free electrons in the metal ball 
are repelled by the excess electrons 
on the rod, and they shift toward the 
right, away from the rod

Charging by induction



3. While the plastic rod is nearby, you 
touch one end of a conducting wire 
to the right surface of the ball and the 
other end to the ground.

4. Now disconnect the wire, and then 
remove the rod. A net positive charge 
is left on the ball. The earth acquires 
a negative charge that is equal in 
magnitude to the induced positive 
charge remaining on the ball.

Charging by induction



Spray painting a car: 
induced positive charge on 
the metal object attracts 
the negatively charged 
paint droplets.

Electric forces in the real world



• Revision of units and vectors CH  1

• Electric charges CH 21
• Conductors and insulators CH 21

Next time: Electric fields and Coulomb’s Law CH 21/22

Reminder: next week’s tutorial questions are on Blackboard and will deal with 
units and vectors!

Summary


