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Nuclear Radiation 
 

1. An atom contains electrons, protons and neutrons. Which of these particles 
a) are outside the nucleus 
b) are uncharged 
c) have a negative charge 
d) are nucleons 
e) are much lighter than the others? 

 
2. Complete the table below.  

 
 
  

3. How is an ionised material different from a material that is not ionised? 
 
 
 

 
  

Name Symbol Charge What is it? 
Alpha particle    
 β -1  
Gamma ray   An electromagnetic 

wave 
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Absorption of Radiation 
 

1. The figure below shows a Geiger tube used to detect radiation from a radioactive 
source. 

 
 
 
 
 
 
 

 

The following measurements were made using the apparatus above. 

 

 

a) Complete the table by calculating the average readings. 

b) Why are the readings on each line not the same? 

c) What can you say from the table about the effect on the radiation of: 

i. The lead plate? 

ii. The aluminium plate? 

d) Why is it possible to say from the readings that: 

i. gamma radiation is emitted by the source? 

ii. alpha and beta radiation might be emitted by the source? 

e) What further tests could you make using this arrangement to find out whether or 

not the source emits alpha radiation? 

 Counts in 300 seconds 

Readings Average 

1 No source present 102 94 110  
 
2     Source present at fixed distance from tube 

 
a) No lead plate present 3466 3420 3410  

b) Thick lead plate present 105 109 89  

c) Aluminium sheet in place of the 
thick lead sheet 

1834 1787 1818  

radioactive source 

0 4 2 5 start 

stop
 

reset
 

ON      OFF 

Geiger tube 

thick lead plate 

counter 
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2. Complete the sentences below with either alpha, beta or gamma. 

_____________ radiations are easiest to absorb because they are larger than 

___________ radiations and so have more collisions with other particles. ___________ 

radiations are high energy electromagnetic waves and it takes a very dense material to 

absorb all their energy. 

 
 
3. The table below represents data obtained from an absorption experiment using three 

separate radioactive sources (background count = 20 counts per minute). 
 

Absorber 
 Count rate  (counts per minute) 

 Source A Source B Source C 
air 3125 900 420 

paper 1 mm 3130 880 38 
aluminium 3000 380 20 

10 mm lead 1900 20 21 
  

 
a) What effect did paper have on each of the three sources? 
b) Use the data in the table to try to identify the type of radiation from each source. 
 
4. Describe how you would show experimentally that radium emits three different kinds 

of radiation. 
 

5. Beta particles can be stopped by a few centimetres of air or by a few micrometres of 
aluminium. Explain this. 

 
 

Absorbed Dose 
1. 12J of energy are absorbed by 2.5kg of body tissue. Calculate the absorbed dose. 

 
2. 0.3kg of body tissue receives an absorbed dose of 6Gy. Calculate the energy absorbed 

the tissue. 
 
3. A cancer tumour absorbs 15 J of energy and therefore receives 300 Gy absorbed dose. 

Calculate the mass of the tumour. 
 
4. The unit for absorbed dose is the gray, Gy. Give another unit for absorbed dose. 
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Equivalent Dose 
 
Use the following values for radiation weighting factor in the questions below. 

 
Radiation type WR 

X-rays 1 
Gamma rays 1 
Beta particles 1 

Thermal neutrons 3 
Fast neutrons 10 
Alpha particles 20 

 
 

1. What does the “Radiation Weighting Factor” give us a measure of? 
 

2. In the course of his work an industrial worker receives an equivalent dose of  
200 Sv. Determine the absorbed dose if he is exposed to alpha particles. 

 
3. An unknown radioactive material has an absorbed dose of 500 Gy and gives a 

equivalent dose of 1 mSv. Calculate the radiation weighting factor of the material. 
 

4. A patient receives a chest X-ray with an equivalent dose of 2.0 mSv. Calculate the 
absorbed dose of the patient. 
 

5. A lady has a dental X-ray which produces an absorbed dose of 0.3 mGy. Calculate the 
equivalent dose of this X-ray. 
 

6. A worker spends some time in an area where she is exposed to the following radiations:  
thermal neutrons = 8 mGy   
fast neutrons =  40 Gy    
(a) Calculate the equivalent dose for each type of neutron. 
(b) What is the total equivalent dose for the exposure? 

 
7. A nuclear worker is exposed to a radioactive material producing an absorbed dose of 10 

mGy. She finds that the material emits particles with a radiation weighting factor of 3. 
Calculate the equivalent dose for this exposure. 
 

8. A physics teacher uses a gamma source in an experimental demonstration on 
absorption. The teacher receives an equivalent dose of 0.5 Sv. Calculate her absorbed 
dose.  
 

9. (a) Alpha particles produce a equivalent dose of 50 mSv from an absorbed dose of  2.5 
mGy. Calculate the radiation weighting factor of the alpha particles. 
 
(b) Why does exposure to the same dose of alpha radiation increase the risk of cancer 
more than X-rays or gamma rays?  
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Uses of Radiation  

 
1. By considering the penetrating ability of each form of radiation explain why only gamma 

radiation can be used from outside the body to treat cancerous cells deep inside the 
body. 

 
2. Gamma radiation is used to sterilize articles after they have been pre-packed in plastic 

packets.  
a. Why is the gamma radiation still effective on these articles? 
b. Why could syringes not be made of plastic materials before gamma rays were 

used for sterilization? 
c. Why is it better and cheaper to sterilise medical instruments by using radiation 

rather than heat or chemicals? 
 
3. The brain can suffer from cancer called glioblastoma. Doctors can treat patients by 

injecting the patient with boron-10 and then irradiating the patient with. This process 
produces two particles, lithium and alpha particle. 
 

a. Explain how the alpha particle could help with the glioblastoma. 
b. Why could this process be dangerous for healthy tissue? 

 
4. Radiation can be used to destroy tumour cells within the human body.  

a. How does the medicine make use of this fact?  
b. Explain how it is possible to leave healthy tissue unharmed. 

 
5. A patient receives skin grafts and it is important for the surgeon to know if the blood 

flow to the graft is good or not. A fluid, which emits gamma radiation, is injected into 
the patient’s bloodstream. 

a. What device could be used to detect the gamma radiation? 
b. How would the surgeon be able to tell if the skin graft had been successful? 
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Activity 
 

1. Convert the following to bequerels: (a) 1 kBq (b) 1 MBq  
 

2. What do we mean by the activity of radioactive material? 
 

3. Calculate the missing entries in the table below (show all working).  
 

average activity number of decays time 
 20000 10 s 
 6 x 105 10 s 
 1.11 x 107 1 m 
 1.50 x 107 1 m 15 s 

2.5 kBq  30 s 
185 kBq  2 s 
3 MBq  5 s 

2.5 MBq  10 m 
185 kBq 925000  

1.2 x 107 Bq 5.4 x 108  
 

4.  Describe the difference between the terms ‘activity’ and ‘count rate’.  
 

5.  The background count is measured in a science laboratory with a Geiger counter. Over 
a time of 15 minutes, 480 events are counted. Calculate the average background count for 
the laboratory in counts per minute (cpm).  
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Half-Life Tutorial Sheet 
1. The activity of a source starts at 80 MBq. After 10 days it has fallen to 2.5 MBq. 

Calculate the half-life. 
 

2. What is the half-life of a radioactive substance if its activity falls from 400 kBq to 100 
kBq in 12 days? 
 

3. What is the half-life of a radioactive isotope if the activity falls from 3 200 kBq to 200 
kBq in 20 days?  

 
4. A radioactive substance has a half-life of 6 hours. What fraction of the original activity is 

left after one day? 
 

5. An isotope has a half-life of 50 s. How long does it take for the activity to fall to 1/64 of 
the staring value? 
 

6. On a day when the background count is 15 counts per minute, a radioactive substance 
gives a count rate of 275 counts per minute. What is the half-life of the substance if the 
count rate, 18 minutes later is 80 counts per minute? 
 

7. The half-life of Cobalt 60 is 5 years. A school bought a source 15 years ago of activity 
300 kBq. What would be its activity now? 
 

8. The half-life of a radioisotope is 30 days. One hundred and twenty days after its 
manufacture, its activity is measured at 100 kBq. Find its initial activity.  

 
9. The half-life of Cobalt-60 is 5 years. If the source, 25 years ago, had an activity of 500 

kBq, what would be the activity now? 
 

10. The table below shows how the count rate of a source varies with time. Correction has 
been made for background radiation. 
a) Plot an appropriate graph and determine the half-life of the source. 
b) What will be the count rate after 5 half-life periods? 
c) Determine the fraction of the original activity which will remain after 30 minutes. 
 

Time (minutes) 0 2 4 6 8 10 
Count Rate (per 

second) 
72 45 28 18 12 8 

 
11. The table of results below shows how the count rate for a radioactive source varies with 

time. The background count was 60 counts per minute. 
(a) Plot a graph of corrected count against time. 
(b) Determine the half-life of the source. 
 

Time (Minutes) 0 5 10 15 20 

Count Rate (number of counts per minute) 1 600 1 100 750 510 350 
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Nuclear Reactors Tutorial Sheet 
1) Use all the statements in the box below to complete the following sentence: 

 
In a stimulated nuclear fission event_____________________________________ 

 
 

 
 
 
 

 
2) (a) What is a chain reaction? 

(b) Explain how a chain reaction works in a nuclear reactor and a nuclear bomb. 
 

3) Research nuclear reactors and answer the following question. 
 In a nuclear reactor what is the purpose of the following:  
(a) the concrete shield surrounding the reactor 
(b) the carbon dioxide pumped through the reactor 
(c) the graphite moderator? 
 

4) (a)How is the temperature of a nuclear reactor controlled? 
(b) How is useful energy extracted? 
 

5) Write down some advantages and disadvantages of using nuclear fuel to generate 
electricity. 
 

6) Fission reactors produce radioactive waste. Describe some of the problems with the 
storage and disposal of this radioactive waste. 

 
7) a) The fission of one U-235 nucleus releases 3.20 x 10-11 J. If one gram of U-235 

contains 2.56 x 1021 atoms how much energy could be released if all the atoms were 
split? 

 
b) If 1 tonne of coal can produce 2.8 x 1010J how much coal would be needed to 
produce the same amount of energy as 1 gram of U-235? 

 
8) The plasma of light nuclei in a fusion reactor needs to be very hot. Explain why this is 

the case. 
 

 

energy is released  
a U-235 nucleus splits  

a neutron hits a U-235 nucleus  
neutrons are released.  
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