
 

 

Topic 5  Types of  Radiation 

 

 

 

 

Learners should be able to demonstrate and apply their knowledge and 

understanding of: 

(a) the terms nucleon number (A), proton number (Z) and isotope, and relate them to the number 

of protons and neutrons in an atomic nucleus 

 

(b) radioactive emissions as arising from unstable atomic nuclei because of an imbalance between 

the numbers of protons and neutrons 

 

(c) the fact that waste materials from nuclear power stations and nuclear medicine are radioactive 

and some of them will remain radioactive for thousands of years 

 

(d) background radiation and be able to make an allowance for it in measurements of radiation 

 

(e) the random nature of radioactive decay and that it has consequences when undertaking 

experimental work, requiring repeat readings to be made or measurements over a lengthy period 

as appropriate 

 

(f) the differences between alpha, beta and gamma radiation in terms of their penetrating power, 

relating their penetrating powers to their potential for harm and discussing the consequences for 

the long term storage of nuclear waste 

 

(g) alpha radiation as a helium nucleus, beta radiation as a high energy electron and gamma 

radiation as electromagnetic 

 

(h) producing and balancing nuclear equations for radioactive decay using symbols for the alpha 

particle and the beta particle  

 

(i) natural and artificial sources of background radiation, respond to information about received 

dose from different sources (including medical X-rays) and discuss the reasons for the variation in 

radon levels 

 

 



 

 

The nucleus 

 

Nuclei contain protons and neutrons 

 

Nucleon number is the total number of protons and neutrons in the nucleus. (This is 

sometimes called Mass Number) 

 

Proton number or atomic number is the total number of protons in the nucleus.     

 

 

Lithium as shown above has 3 protons and 7 – 3 = 4 neutrons in its nucleus.   

 

 

Isotopes 

An isotope is an atom of the same element with a different number of neutrons.   

             12      14         

                  C                                C        

   6        6            

Carbon 12 has 6 protons and 6 neutrons.   

Carbon 14 has 6 protons and 8 neutrons.  

 

Chemically they are the same as they have the same  

number of protons.   

 

However, carbon 14 has 2 additional neutrons  

in its nucleus – this makes the nucleus unstable  

and hence this isotope is radioactive. 

Elements which are 
radioactive have an 
imbalance between the 
numbers of protons and 
neutrons in their nuclei.  
This makes the nucleus 
unstable.  When an 
unstable nucleus breaks 
apart, ionising radiation 
is emitted and a new 
element is formed 
 



 

 

Ionising Radiation 

If radiation is IONISING then it is harmful; the energy given out by radioactive substances 

is all ionising.   When radiation interacts with matter it ionises it – this means that it gives or 

takes away charge because of the energy it carries.  If our cells are ionised by they may 

die or suffer a mutation.  This is why ionising radiation is linked to cancer. 

 

 

Radiation from radioactive materials 

 

There are 3 types of radiation given out by radioactive materials, alpha, beta and gamma.  

The radiation is given out whenever an unstable nucleus decays.  In this decay radiation is 

given out from the nucleus and a new element is formed.   

 

Properties of alpha, beta and gamma radiation 

 Alpha is a helium nucleus and as it has most charge it is the most ionising type of 

radiation.   

 

Beta is a fast moving electron and is not as ionising as alpha.   

 

Gamma is an electromagnetic wave.  It is at the high frequency end of the spectrum so 

it’s waves have lots of energy which explains how it can ionise atoms, it is the least 

ionising type of radiation. 

 

Alpha, beta and gamma all have different abilities to travel through air or to penetrate 

materials.  The more ionising radiation is the less distance it can travel in air, as it interacts 

readily with air molecules.  

  

Alpha radiation can only travel a few cm in air, gamma can travel very great 

distances.   

 

Alpha is easily absorbed by paper or skin and the can penetrate no further – it is effectively 

blocked by paper.  

Beta travels through paper and requires a few mm of aluminium to absorb it.   

Gamma, as the least ionising radiation and can therefore easily penetrate through dense 

materials.  It is only absorbed by thick lead or many metres of concrete.  



 

 

   

 

In summary: 

Alpha is blocked by paper 

Beta is blocked by aluminium 

Gamma is blocked by lead 

 

 

 

 

Alpha is a helium nucleus.  Alpha is absorbed or blocked by paper or skin but is very 

ionizing (damages cells) 

 

Beta is a fast moving electron.  Beta is absorbed or blocked by aluminum and it is quite 

ionizing 

 

Gamma is e.m. radiation.  Gamma is only absorbed or blocked by lead and it is weakly 

ionizing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

An experiment to distinguish between alpha, beta and gamma radiation 

This requires a radiation detector which can measure the count rate from a radiation 

source.  The count rate is a count of how many bits of radiation per second enter the 

detector; each bit of radiation, (e.g. 1 alpha particle, 1 beta particle) corresponds to 1 

unstable nucleus decaying.   

 

To determine the type of radiation emitted by the source then: 

 Measure the count rate from the source using a radiation detector 

 Insert a paper absorber between the source and the detector, if the count rate 

drops the source emits alpha. 

 Replace the paper with thin aluminium, if there was no drop with paper and it now 

drops, then the source emits beta.  If it emitted alpha and there is now a further 

drop in count rate, it also emits beta. 

 Replace the aluminium with lead, if there is now a further drop in count rate it also 

emits gamma 

Sample results 

 Count rate 

Source no material paper aluminium lead 

x 356 356 89 12 

y 129 82 0.5 0.5 

z 219 220 219 26 

 

Source x doesn’t emit alpha radiation – the count rate doesn’t change at paper.  It emits 

beta radiation, we can tell this as the count rate drops when the absorber is aluminium.  It 

also emits gamma as there is a further fall in count rate when the absorber is lead. 

 

Source y emits alpha (count rate drops at paper) it also emits beta (count rate drops 

further at aluminium) but no gamma. 

 

Source z emits only gamma (count rate only drops at lead). 



 

 

Background radiation 

Radiation is naturally occurring in our environment and constantly surrounds us.  

Background radiation is obviously harmful as is any ionising radiation, but it is usually 

present in only small amounts so it doesn’t cause much harm.  Most background radiation 

comes from radioactive materials that are present in rocks which give out alpha, beta or 

gamma radiation as they decay.  Very little background radiation is from man – made 

sources; nuclear power adds only a tiny percentage to background radiation, less than 

1%.  The other man – made source of background is medical, e.g. cancer treatments and 

medical imaging.   It may seem odd but food and drink are not man – made sources, even 

though the food is processed the processing does not add radioactivity to the food - it 

contains radiation because of the natural background radiation in the food chain. 

 

 

Cosmic rays travel to us from space.  The higher the altitude you live at the greater the 

dose of cosmic radiation you will be exposed to.  When you fly you receive a much bigger 

dose – a long flight gives you a radiation dose equivalent to having a chest x-ray. 

 

Radon is a radioactive gas which is produced when uranium decays.  Uranium occurs 

naturally in rocks, especially granite.  Areas which are made up of a large percentage of 

granite rock, such as Cornwall, will have a much higher amount of radon gas in their 

background radiation.  This is a problem as radon is a gas which emits alpha radiation.  As 

it is a gas you breathe it into your lungs where it decays giving out alpha radiation.  Alpha 



 

 

is very ionizing so causes lots of damage to cells and is easily absorbed by lung tissue so 

cannot escape the body.   Exposure to too much radon is linked to lung cancer.   

If you live in an area with high radon you can get monitors from the health protection 

agency.  If your house is badly affected you can do several things; you can fit underground 

pumps which can pump the radon gas away, can also seal any cracks in your floors to 

prevent the radon seeping in.   The radon escapes the earth through fissures in the rocks 

so some houses may be affected and others not. 

 

Measuring background radiation 

Radioactive decay is a random process – we never know which atom will decay next, and 

small fluctuations in the count rate from a source are normal.  Because of this if we are 

doing experiments with radioactivity we must take lots of repeat readings or we make 

measurements of the count over a very long time.  We also want to make sure we take 

account of the background radiation where we are doing our experiments.  To do this we 

measure the count over a certain period of time then we divide by that time to find the 

average background count rate, e.g. the decays per second.  So if we measured a count 

of 300 in 10 minutes the background count in that area would be 300 / 600 (600 as we 

have converted into seconds) = 0.5 decays per second. 

 

In some experimental data that you see the background count rate will already have been 

subtracted, other times it will still be included.  Look again at this data: 

 Count rate 

Source no material paper aluminium lead 

x 356 356 89 12 

y 129 82 0.5 0.5 

z 219 220 219 26 

 

y has dropped to the background count rate – we can assume that it is giving out gamma 

radiation which is all absorbed by the lead.  Source x and z both give out gamma which is 

not totally absorbed by the lead so some counts (including the background) are still 

detected. 

 



 

 

Nuclear Waste 

Nuclear waste is highly radioactive and contains a mixture of sources which emit alpha, 

beta and gamma radiation.  High level (very radioactive waste) from nuclear power 

stations is usually in liquid form.  It has to be stored safely and securely for thousands of 

years.  This is very costly as it needs constant monitoring and it must not be accessible to 

people.  One way to do this is to bury it underground.  To prevent any gamma radiation 

penetrating the container it must be surrounded by very thick concrete.  As the waste is 

liquid any damage to the containers could cause highly radioactive waste to leak into the 

environment. 

      

 

 

 

 

 

 

 

 

 

 

 



 

 

Decay Equations 

 

These are nuclear equations – they only involve the nucleus 

 

The mass and charge in each reaction is conserved so the numbers must balance (on the 

top and bottom lines) on each side of the equation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Alpha Decay 

 
 
 
 

 
Numbers on top add up, 235 = 231 + 4             Numbers on bottom add up, 92 = 90 + 2 
 
Beta decay 
 

 
                 
  Numbers on top add up,  14 = 14 + 0                 Numbers on bottom add up, 6 = 7 + - 1 
 
 
 
 
Notice the other symbols that have been used for the alpha and beta particles – you will 
see both. 
 


