
RADIATION & HALF-LIFE 
The unit of radioactivity is becquerel (Bq) — which is a measure of how many 
unstable nuclei are disintegrating (breaking up) per second. 

1kBq = 1000 Bq 

1MBq = 1 000 000 Bq


Detecting Ionising Radiation  
- Photographic film

- The Geiger-Müller Tube:


 
 

Background Radiation 
Natural Background Radiation from the Earth 
- Background radiation is low-level ionising radiation that is produced all the time. 

Some of the radiation we receive comes from rocks in the Earth’s crust. When 
the Earth was formed it contained many radioactive isotopes. Some decayed 
very quickly but others are still producing radiation. Some of the decay products 
of these long-lived radioactive materials are also radioactive, so there are 
radioactive isotopes with much shorter half-lives still present in the Earth’s crust.


- One form of uranium is a radioactive element that decays very slowly. Two of its 
decay products are gases (radon and thoron). Radon-222 is a highly radioactive 
gas produced by the decay of radium-226. Thoron, or radium-220, is an isotope 
of radium formed by the decay of a radioactive isotope of thorium (thorium-232).


- As these decay products are gases, they come out of radioactive rocks. They 
are dense gases so they build up in the basements of buildings. Some parts of 
the Earth's crust have higher amounts of radioactive material so the amount of 
background radiation produced in this way varies from place to place.


Natural Background Radiation from Space 
Violent nuclear reactions in stars and exploding stars (called supernovae) produce 
cosmic rays (very energetic particles) that continuously hit the Earth. Lower energy 
cosmic rays are giving out by the Sun.


Radiation in Living Things 
The atoms that make up our bodies were formed in the violent reactions that take 
place in stars that exploded billions of years ago. Some of these atoms are 

electrically

which is connected, via a high-value 
resistor, to a high-voltage supply

When ionising radiation enters the tube it causes 
the low-pressure gas inside to form ions. The 
ions allow a small amount of current to flow from 
the electrode to the conducting layer. This is 
detected by an electronic circuit.

The GM tube is usually linked up to a counting 
circuit. This keeps a count of how many ionising 
particles (or how much gamma radiation) have 
entered the GM tube. Sometimes GM tubes are 
connected to rate metres. These measure the 
number of ionising events per second, and so 
give a measure of the radioactivity in becquerels. 
Rate meters usually have a loudspeaker output 
so the level of radioactivity is indicated by the 
rate of clicks produced.

(contains a special mixture of gases at very 
low pressure)



radioactive so we carry our own personal source of radiation around with us. Also, 
as we breathe we take in tiny amounts of the radioactive isotope of carbon, 
carbon-14. Because carbon-14 behaves chemically just like the stable isotope, 
carbon-12, we continuously renew the amount of the radioactive carbon in our 
bodies. Carbon-14 and other radioactive isotopes are eaten by humans (and 
animals which are in turn eaten by humans) because they are present in all living 
things. 


Artificial Radiation 
- Generating electricity in nuclear power stations has been responsible for the 

leaking of radioactive material into the environment. 

- Testing nuclear weapons in the atmosphere has also increased the amount of 

radioactive isotopes on the Earth. 

- Radioactive tracers are used in industry and medicine. Radioactive materials are 

also used to treat certain forms of cancer. However, the majority of background 
radiation is natural — the amount produced for medical use an industry is very 
small indeed.


Radioactive Decay 
If we have a sample of radioactive material, it will contain millions of atoms. The 
process of decay is random, so we don't know when an atom will decay but there 
will be a probability that a certain fraction of them will disintegrate in a particular 
time. Once an unstable nucleus has disintegrated, it won't be around to 
disintegrate during the next period of time. If we plot a graph of number of 
disintegrations per second against time for a radioactive isotope we would, 
therefore, expect the rate of decay to fall as time passes because there are fewer 
nuclei to decay.


Half-Life 
Half-life: The length of time it takes for the activity of an amount of a radioactive 
substance to halve. The half-life is different for different radioactive isotopes.




Measuring Half-Life of a Radioactive Isotope 
To measure the half-life of a radioactive material (radioisotope) we must measure 
the activity of the sample at regular times. This is done using a Geiger-Müller tube 

After one half-life period, , the amount 
of the original unstable element has 
halved. After a second period of time, , 
the amount has halved again, and so on.
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t1/2



linked to a rate meter. Before taking measurements from the sample, we must 
measure the local background radiation. We must subtract the background 
radiation measurement from measurements taken from the sample so we know the 
radiation produced by the sample itself. We then measure the rate of decay of the 
sample at regular time intervals. The rate of decay is shown by the count rate on 
the rate meter. The results should be recorded in a table like the one shown.


- Isotopes with short half-lives are suited to medical use because the activity of a 
source will rapidly become very small as the isotope decays quickly.


- Isotopes used for dating samples of organic material need to have very long 
half-lives because the activity will become difficult to measure accurately if it 
drops below a certain level.




Half-Life Calculations 

 

The rate of decay, C, 
corrected for background 
radiation, is proportional to 
the amount of radioactive 
isotope present. If we plot 
a graph of C against time, 
t, we can measure the 
half-life from the graph.

Graphs of activity, in becquerels, 
against time can be used to find 
the half-life of an isotope, and this 
half-life information can be used 
to make predictions of the activity 
of the radioisotope at a later time.


