
P7 - radioactivity
Big idea: radiation transfers energy

Key Vocabulary

Nucleus The centre of an atom. Made up of 
protons and neutrons

Atomic number The number of protons in an atom. 
This dictates what element it is. 

E.g. if there are 6 protons it is 
carbon, 7 protons is nitrogen etc.

Mass number The number of protons plus the 
number of neutrons in a nucleus. 

E.g. if a nucleus contains 3 protons 
and 4 neutrons, the mass number 

will be 7

Alpha particle Emitted from an unstable nucleus. 
Contains 2 protons and 2 neutrons. 

Also known as a helium nucleus

Beta particle Emitted from an unstable nucleus. 
A neutron turns into a proton and 

emits a high speed electron.

Gamma wave A very high frequency 
electromagnetic wave. Emitted 

from an excited nucleus

isotope An atom with a different number 
of neutrons but the same number 

of protons.

Half-life The time it takes for half of the 
nuclei in a sample to decay

Nuclear fission When a large nucleus splits into 
smaller nuclei. This process 

releases energy and is used in 
nuclear power stations

Nuclear fusion When two small nuclei fuse into a 
larger nuclei. This process releases 
energy and is what powers stars.
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The history of the atom.

1. Democritus (~400BC): an atom is tiny, 

hard, and uncuttable. The shape of atoms 
explain their behaviour. E.g. water “atoms” are 
round, “atoms” of fire have sharp edges

2. John Dalton  (1803): atoms are solid, 

indivisible spheres. All the atoms in an element 
are identical to each other atom of that 
element. Different elements are made from 
different atoms.

3. J.J. Thompson (1897): the plum pudding 

model. An atom is a positively charged sphere 
with negatively charged electrons distributed 
throughout. Similar to raisins in a sponge 
pudding.

4. Rutherford (1909): the discovery of the 

nucleus. A positively charged nucleus 
surrounded by electrons. The atom is mostly 
empty space.

5. Niels Bohr (1913): electrons orbit the 

nucleus in particular orbits or ‘energy levels’. 

6. Modern quantum cloud model:The

story of atoms does not stop here and more has 
been discovered but this is saved for A-Levels 
and beyond due to complexity.

Discovery of the nucleus.

Ernst Rutherford was experimenting on the 
structure of the atom and designed an experiment 
to test Thomson’s ‘plum pudding’ model. 
Rutherford fired positively charged alpha particles 
at a very thin sheet of gold and used a fluorescent 
film to detect where they went after passing 
through the gold. 

Below show what would happen if the plum 
pudding model is correct. All the particles would 
pass through without being deflected. What 
actually happened is that some of the particles 
WERE deflected. As most of the positively charged 
alpha particles went straight on through the gold 
and only a very small number were deflected, 
Rutherford deduced that there must be a 
concentration of positive charge surrounded by 
empty space containing electrons.
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Half life graph
Each radioactive isotope has a half-life, the time it takes for half the nuclei in a 
sample to decay. If you plot the number of nuclei remaining against the time 
you can find the half life of a sample. In the below example we start with 
10000 nuclei. It takes 30 years for the initial 10000 to reduce to 5000 nuclei. 
We can check our answer by repeating the process and going from 5000 to 
2500 nuclei. The time for the number to half is again 30 years.

Penetration and ionisation
The ionising power tells you how much damage radiation can do to your cells. The higher the ionising power the 
higher the chance the hit cell will die or become cancerous. 
This means Alpha is the most dangerous if swallowed or very close to you. Beta radiation is the most dangerous 
10cm-2m away and gamma is the most dangerous at longer distances.

Decay equations

Alpha emission: atomic number decreases 

by 2, mass number decreases by 4

Beta emission: atomic number goes up by 1, 

mass number does not change

Gamma emission: atomic number and mass 

number do not change

Neutron emission: atomic number does 

not change, mass number goes down by 1

Half life calculation

If we know the initial number of unstable nuclei/the initial activity of a radioactive sample 
we can calculate the number of unstable nuclei/activity after n half-lives using this 
equation.

𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒 𝑎𝑓𝑡𝑒𝑟 𝑛 ℎ𝑎𝑙𝑓 𝑙𝑖𝑣𝑒𝑠 =
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒

2𝑛

Nuclear fission

When a neutron hits a large nucleus there is 
a chance it will be absorbed. If the neutron is 
absorbed then the nucleus can become 
unstable, splitting into two smaller nuclei 
and releasing a small amount of energy. This 
fission can also release some neutrons which 
can then go on to collide with more nuclei 
repeating the process in a chain reaction.

Nuclear fusion

If two small nuclei collide with enough 
energy they can fuse together into a larger 
nuclei. This process releases a small amount 
of energy. This is the process which powers 
stars such as the sun, they fuse hydrogen 
into helium. Some scientists see fusion as the 
key to safe, clean, and free energy on earth if 
they can get the technology to work.
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