
P7. Radioactivity and particles
Lesson Topic Learning objective Before After

Embedded 7.1 Use the following units: becquerel (Bq), centimeter (cm), hour (h), minute (min) and second (s).

1. What is the 
structure of the atom?

7.2 Describe the structure of an atom in terms of protons, neutrons and electrons and use symbols such as 14C to describe particular 
nuclei.

7.3 Know the terms atomic (proton) number, mass (nucleon) number and isotope.

2. What is ionizing 
radiaiton?

7.4 Know that alpha (⍺) particles, beta (β-) particles, and gamma (𝛾) rays, and recall that they may be distinguished in terms of penetrating 
power and ability to ionise.

7.5 Describe the nature of alpha (⍺) particles, beta (β-) particles, and gamma (𝛾) rays, and recall that they may be distinguished in terms of 
penetrating power and ability to ionise.

7.6 Practical: investigate the penetration powers of different types of radiation using either radioactive sources or simulations.

3. What is the effect 
on a nucleus when it 
emits radiation?

7.7 Describe the effects on the atomic and mass numbers of a nucleus of the emission of each of the four main types of radiation (alpha, 
beta, gamma and neutron radiation).

7.8 Understand how to balance nuclear equations in terms of mass and charge.

4. Where does 
radiation come from?

7.9 Know that photographic film or a Geiger-Muller detector can detect ionizing radiations.

7.10 Explain the sources of background (ionising) radiation from earth and space.

5. What is half-life? 7.11 Know that the activity of a radioactive source decreases over a period of time and is measured in becquerels.

7.12 Know the definition of the term half-life and understand that is different for different radioactive isotopes.

7.13 Use the concept of the half-life to carry out simple calculations on activity, including graphical methods.

6. What are the 
benefits and 
drawbacks to using 
radiation?

7.14 Describe uses of radioactivity in industry and medicine.

7.15 Describe the difference between contamination and irradiation.

7.16 Describe the dangers of ionizing radiations, including: that radiation can cause mutations in living organisms, that radiation can damage 
cells and tissue, the problems arising from the disposal of radioactive waste and how the associated risks can be reduced.

7. What is nuclear 
fission?

7.17 Know that nuclear reactions, including fission, fusion and radioactive decay, can be a source of energy.

7.18 Understand how a nucleus of U-235 can be split (the process of fission) by collision with a neutron, and that this process releases 
energy as kinetic energy of the fission products.

7.19 Know that the fission of U-235 produces two radioactive daughter nuclei and a small number of neutrons.

7.20 Describe how a chain reaction can be set up if the neutrons produced by one fission strike other U-235 nuclei.

8. How does a nuclear 
reactor work?

7.21 Describe the role played by the control rods and moderator in the fission process.

7.22 Understand the role of shielding around a nuclear reactor.

7.23 Explain the difference between nuclear fusion and nuclear fission.

9. What is nuclear 
fusion?

7.24 Describe nuclear fusion as the creation of larger nuclei resulting in a loss of mass from smaller nuclei, accompanied by a release of 
energy.

7.25 Know that fusion is the energy source for stars.

7.26 Explain why nuclear fusion does not happen at low temperatures and pressures, due to electrostatic repulsion of protons.



Knowledge organiser IGCSE Physics: 7. Radioactivity and particles

When a nucleus undergoes gamma 
decay there is no mass change, the 
nucleus emits energy and becomes 

more stable 

Small, lighter nuclei collide at high speeds to 
join together to create a larger, heavier 

nucleus. The heavier nucleus has less mass 
than the higher nucleus did: the difference is 

energy. Fusion releases more energy than 
fission.

Fast neutrons are slowed down by a 
moderator. The control rods limit the 

rate of reaction. The neutrons and 
gamma rays are highly penetrating.

When a nucleus undergoes beta decay, it emits a 
beta particle so its mass number does not change 

but its proton number increases by 1 (n0 → p+ + e-) and 
its neutron number decreases by 1 (hence not mass 

change)

Radioactive decay is a random 
process. The radioactivity decreases 
over time. You cannot predict when 

one unstable nucleus is going to decay. 
However, you can make predictions 
about decay when you have large 

numbers of unstable nuclei.

Key term Description

Becquerel One Becquerel is equal to one nuclear decay per second.

Nucleus The central part of an atom containing nucleons, the proton and the neutron

Proton, p+ Nucleon with a relative mass of 1 and relative charge of +1

Neutron, n0 Nucleon with a relative mass of 1 and a relative charge of 0

Electron, e- Particle orbiting the nucleus with a relative mass of 1/1840 and a relative charge of -1

Proton number, Z The total number of protons in the nucleus of an atom

Nucleon number, A The total number of nucleons (protons and neutrons) in the nucleus of an atom

Isotope Atoms with the same number of protons, but different numbers of neutrons

Nuclide Atom with a specific N and Z numbers, for example C-12 and He-4

Radiation Elementary particles emitted by the nucleus of an atom

Alpha decay Used in fire alarms:                                        Check N and Z are equal on both sides

Beta Used to measure the thickness of paper:                                     Check N and Z 

Gamma Used for medical tracers:                                       Check N and Z 

Ionising Causes neutral atom/molecules to gain or lose electrons and become charged

Radioactive decay When an unstable nucleus emits energy in the form of particles to become more stable

Half-life Half-life is the time taken for half a radioactive sample to decay. This is approximately a constant for a large 
number of nuclei

Mutation If the DNA in the nucleus of a cell is damaged, the cell may become cancerous.

Fission When a large, heavy nucleus splits into smaller lighter nuclei.

Fusion When small, light nuclei join together to form a heavier nuclei.

When a nucleus undergoes alpha decay, it 
emits an alpha particle so its mass number 

decreases by 4 and its proton number 
decreases by 2. It does this to become more 

stable

Radiation is everywhere and 
causes no issues. Only when it is 
above a certain level will there be 

cell death and cell damage (cancer)

Half-life is the time taken for half a 
radioactive sample to decay. This is 

approximately a constant for a large number 
of nuclei

A helium atom has 2 positive protons, 2 
negative electrons and 2 neutral 

neutrons. The nucleus has nucleons.

Z is the proton (atomic) number and A is the 
nucleon (mass) number. For He, Z is 2 (2 p+) 

and A is 4 (2 p+ and 2 n0)

An isotope is an atom with the same number 
of p+ but a different number of n0. They will 

have the same chemistry but different 
physical properties

A nuclide is an atom characterised by a 
specific number of protons and neutrons, e.g 

He-4 or C-12
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Particle Nature Nuclear symbol Relative ionizing 
effects

Relative 
penetrating power

Affect of electric 
field

Affect of magnetic 
field

Alpha

Helium 
nucleus, 


(2 p+ and 2 
n0)

Very: largest mass 
and charge

Low: largest mass 
and charge. 

Stopped by a few 
cm of air or thin 
sheet of paper

Deflected towards 
negative plate as 
alpha is positively 

charged. Small 
deflection due to 

large mass

Use LHR: If B goes 
into page and alpha 
goes up the page, 

alpha will curve to the 
left

Beta
A high 
speed 

electron

Moderate: smaller 
mass and charge 

than alpha

Moderate: middle 
values of charge 

and mass. Stopped 
by a few mm of 

metals like 
aluminum

Deflected towards 
positive plate as 
beta is negatively 
charged. Large 

deflection due to 
small mass

Use LHR: If B goes 
into page and beta 
goes up the page, 

alpha will curve to the 
right

Gamma EM 
radiation

Low: no mass or 
charge

Highly: no mass or 
charge. Reduced 
by thick layer of 

steel and concrete 
or a few cm of lead

No deflection as 
gamma is 
uncharged

No deflection as 
gamma is 
uncharged

2
4α

−1
0β

0
0γ

92
238U → 90

234Th+ 2
4α

6
14C→ 7

14N + −1
0β

53
125I *→ 53

125I + 0
0γ 0

The particles have different 
penetrations  depending on their mass 

and charge. 

Nuclear fission is the splitting of an atom, 
which releases energy. A slow moving 

neutron is absorbed by U-235 and splits. 
When this happens, it emits 2 or 3 neutrons. It 

splits into two lighter daughter nuclei.

When radiation enters your body, it will 
collide with molecules in your cells. These 

collisions cause ionisation which damages or 
destroys the molecules. The extent of this 
depends on the exposure and penetration.


