
Label the parts of the atom, and fill in 
the table in the back of your books.

https://www.youtube.com/watch?v=tTNW_yO2cRY

https://www.youtube.com/watch?v=dftq9xGXcf8&list=P
L9IouNCPbCxXTU7zSX4IvJDLrtCEmqEMU&index=1

https://www.youtube.com/watch?v=dftq9xGXcf8&list=PL9IouNCPbCxX
TU7zSX4IvJDLrtCEmqEMU

https://www.youtube.com/watch?v=tTNW_yO2cRY
https://www.youtube.com/watch?v=dftq9xGXcf8&list=PL9IouNCPbCxXTU7zSX4IvJDLrtCEmqEMU&index=1
https://www.youtube.com/watch?v=dftq9xGXcf8&list=PL9IouNCPbCxXTU7zSX4IvJDLrtCEmqEMU


Structure of the atom
• All atoms are comprised of a positive nucleus containing protons and 

neutrons, orbited by small, negatively charged electrons.

• All atoms have an atomic number (number of protons), mass number 
(number of neutrons), and have the same number of electrons as protons.

• The atomic number tells us what element an atom is. If this changes, the 
type of atom changes.

• The nuclei of atoms can be represented in symbol notation. For example, 
6
12𝐶 represents a carbon atom with an atomic number of 6 and a mass 
number of 12.

• Ions are atoms that have gained or lost electrons, and have become charged
as a result.

• This can be caused by Electromagnetic radiation; it is absorbed by electrons 
in the atom’s shell, which then gain energy and move to a different electron 
shell. 

• If they gain enough energy then they can escape from the atom completely.

• Isotopes are atoms with a different mass than normal. This means they have 
a different number of neutrons.

• You need to know the relative 

mass and charge of protons, 

neutrons and electrons.

Particle Charge Mass

Proton +1 1

Neutron 0 1

Electron -1 1/2000



Nuclear radiation
• Some isotopes are unstable. This means that at some point in 

the future their nucleus will decay and emit some nuclear 
radiation.

• This radiation can be detected using photographic film or using a 
Geiger-Muller tube.

• There is radiation around us all the time; this called background 
radiation. This comes from several difference sources:
• Food and drink – some foods are radioactive, particularly bananas and 

Brazil nuts.
• Building materials – Rocks and concrete can contain radioactive 

materials.
• Medical sources – materials used in medical procedures in hospitals.
• Nuclear power – released from power stations that generate nuclear 

power.
• Nuclear weapons and nuclear testing – fallout from nuclear weapons 

used in the past.
• Cosmic rays – Radiation from space, produced by distant stars.
• Radon gas – radioactive gas released by the decay of uranium 

underground.



Types of nuclear radiation
• You need to know the following information about 4 types of radiation:

• You also need to be aware of the positron. A positron is a positive electron (a type of 
antimatter) and is formed when a proton decays into a neutron and a positron. 

• This only happens when a nucleus has more protons than neutrons; this rarely 
happens in nature, but we can make it happen by firing protons at the nucleus of an 
atom.

• Decay equations show how the nucleus of an atom changes when it gives off 
radiation. The atomic number and mass number for both sides of the equation must 
be balanced.

• For example   92
238𝑈 → 90

234𝑇ℎ + 2
4𝛼 Uranium decays into thorium 

and an alpha particle.

Type What is it? Ionising 
power

Penetrating power Effect on nucleus

Alpha 
(α)

A helium nucleus that is fired out 
of the nucleus of a large atom.

High Low, stopped by 
paper or skin

Atomic number - 2, 
Mass number - 4

Beta 
minus 
(𝛽−)

A neutron decays into a proton 
and an electron which is fired out 
of the nucleus

Medium Medium, stopped by 
5mm of aluminium

Atomic number +1

Gamma 
(γ)

A high energy EM wave released 
from the nucleus

Low High, stopped by 5cm 
of lead or 2m of 
concrete

No change



Activity and half life
• We can measure how much radiation a source gives off. This is called 

activity and is measured in Becquerels (Bq).

• The activity of a source will decrease over time as each unstable 
nucleus decays and releases radiation.

• It is impossible to predict when an individual nucleus will decay, but 
we can predict how activity will change over time if the source 
contains a large number of unstable nuclei.

• Half-life is the time it takes for half the unstable nuclei in a source to 
decay, or for the activity of a source to halve.

• The half-life of a sample can be calculated

using a half-life graph.

• Find the time at which the number of nuclei

halved like so.

• Half of 1,000,000 = 500,000.

• Half-life = 1 minute.



Hazards of nuclear radiation
• Nuclear radiation is hazardous because it is ionising. This means that it 

can ionise atoms, removing or adding electrons from atoms to create 
ions.

• If the DNA in living cells is ionised it can lead to mutations, such as 
cancer. High doses of radiation can damage DNA so badly the cell 
dies, causing tissue damage.

• Because of this it is important to minimise exposure to nuclear 
radiation. Anyone working with nuclear radiation (power station 
workers or medical personnel mainly) has to constantly monitor the 
amount of radiation they are observing to make sure they don’t 
absorb too high a dose. Radiographers always stand behind a lead 
coated screen or outside the room when treatments involving 
radiation are carried out.

• Irradiation is when an object is exposed to nuclear radiation. High 
doses will kill living things, and this process is used to sterilise food 
and medical equipment. The objects do not become radioactive.

• Contamination is when radioactive material is transferred to an 
object, which then becomes radioactive.



Medical Physics (separate only)
• Nuclear radiation can be used several different ways in medical 

procedures.
• For medical scanning (medical tracers)

• To treat cancers

• To sterilise medical equipment.

• The half life and type of radiation are chosen specifically for each 
procedure.

Procedure Type of radiation Half life How it works

Medical tracers 
(PET scanning)

Positrons, which 
react with electrons 
to release gamma 
radiation

Short (hours 
or less) to 
minimise risk 
of irradiation 

A radioactive material is injected into 
the blood and detector used outside 
the body to trace where the material 
flows

Radiotherapy Gamma rays Very long 
(months or 
more) so the 
source 
doesn’t need 
to be replaced 
too often

Multiple beams of gamma rays are 
directed at the tumour to provide a 
high dose, killing the tumour cells, and 
a low dose to the surrounding tissue.

Sterilising 
equipment

High doses of gamma rays are directed 
at the equipment to kill all living cells 
(bacteria, viruses, fungi etc.)



Fission
• Nuclear fission is the splitting of a large unstable “parent” nucleus into 

two smaller “daughter nucleus” and several neutrons. This also 
releases thermal energy.

• This process can be triggered by a nucleus absorbing a neutron.

• Chain reactions occur when the neutrons released by one fission 
trigger new fissions.

• In a power station fission is used to generate electricity. The chain 
reaction must be controlled so that each reaction causes just one 
more reaction. 

• Fuel rods made of Uranium 235

are placed in the reactor.

• The moderator (usually water) is

used to slow the neutrons down

enough for reactions to occur.

• The control rods (usually made 

of boron) absorb extra neutrons.



Fusion
• Fusion is when two small nuclei combine to form one larger 

nucleus. 

• This process releases lots of thermal energy when carried 
out with very small nuclei (hydrogen works best).

• This can only happen when the nuclei are exposed to 
extremely high pressures and temperatures (like those 
found in the core of a star).

• This pressure and temperature is needed to overcome the 
electrostatic repulsion between the protons in the nuclei.

• Nuclear fusion could be used to provide clean, sustainable 
energy on Earth, but it is not currently possible because of 
the huge temperatures and pressures required. 


