
Nuclear Radiation and Radioactive Decay 
 
Q1. 
  
In 2011, a tsunami was caused by a massive earthquake centred some distance off the 
coast of Japan. The tsunami caused a cooling system failure at the Fukushima Nuclear 
Power Plant. This resulted in a nuclear meltdown and radioactive materials were released 
into the surroundings. 

A reservoir beside one of the reactor buildings contained a large volume of water. In 2013, 
this water was found to have an extremely high concentration of caesium-137. 

Caesium-137 is a radioactive isotope of caesium. 

The most common radionuclide amongst the fission products in the fuel was iodine-131, 
which decays with a half-life of 8.0 days to form a stable isotope of the gas xenon. 

Deduce whether enough xenon would have collected in 32 days to exert a pressure of 1.0 × 
105 Pa in a volume of 450 m3. Assume that no gas escapes. 

temperature = 20 °C 

initial number of iodine nuclei = 1.25 × 1028 
(6) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 6 marks) 
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Q2. 
  
Astronauts on the 1971 Apollo 14 mission to the Moon brought back many rock samples. It 
is now believed that one of these contains a piece of rock that originated on Earth about 4 
billion years (4 × 109 years) ago. 

The piece of rock is believed to have been launched into space when an asteroid struck the 
Earth. 

The rock sample contains uranium. The radioactive decay of uranium allows it to be used to 
determine the time since the rock was formed on the Earth. 

(i)  The uranium isotope  becomes the lead isotope  through a series of radioactive 
decays. 

Calculate the number of α particles and the number of β particles emitted for one nucleus 
of  to decay to become a nucleus of . 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Number of α particles = ...........................................................  

 
Number of β particles = ...........................................................  

(ii)  The half-life of  is 4.47 × 109 years. 

The half-lives of the other stages in the decay to  are relatively so short that they 
can be ignored. 
There was no lead in the rock when it formed, so all the  in the sample is a product 
of  decay. In the sample, for every 103 uranium nuclei present at the start, 50 are 
now lead nuclei. 
Show that the age of the sample is about 4 × 109 years. 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 5 marks) 
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Q3. 
  

A student used a Geiger-Müller (GM) tube to determine a value for the background count. 
He recorded the count for 2 minutes, every 15 minutes, as shown in the table. 

 

The counts are not the same. 

Which of the following is the reason for this? 

   A    The background count rate is random. 

   B    The counter is incorrectly calibrated. 

   C    The temperature has not stayed constant. 

   D    There is a systematic error in the measurement. 

 
  

(Total for question = 1 mark) 
  
 
 
Q4. 
  
A hundred years ago, a method to determine the age of certain rocks was developed. An 
unstable isotope of rubidium is present in some rocks when they form. Over time the 
rubidium decays to a stable isotope of strontium. 

Rubidium decays to strontium via β− decay. Complete the nuclear equation representing the 
decay. 

(2) 

 

  
(Total for question = 2 marks) 
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Q5. 
  
A student used a Geiger-Müller (GM) tube to determine the activity of a radium source. 
Radium emits α, β, and γ radiation. 

He positioned the source 20 cm from the GM tube, as shown, and recorded the count for 1 
minute. He repeated the measurement and calculated a mean count. 

 

The student recorded the following results. 

 

Criticise the student's method for determining the count at this position. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 3 marks) 
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Q6. 
  
A student used a Geiger-Müller (GM) tube to determine the activity of a radium source. 
Radium emits α, β, and γ radiation. 

He positioned the source 20 cm from the GM tube, as shown, and recorded the count for 1 
minute. He repeated the measurement and calculated a mean count. 

 

The student recorded the following results. 

 

From his results the student determined that the activity of the source was 3.0 Bq. 

Comment on his value for the activity of the source. 
(5) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 5 marks) 
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Q7. 
  
A school science department keeps a sample of potassium chloride to use as a test source 
for Geiger-Müller tubes. 

 

Potassium contains 0.012% of the unstable isotope potassium-40. 

The science department also has a sample of strontium-90. This undergoes beta decay with 
a half-life of 29 years. 

State why the half-life of potassium-40 makes the potassium chloride a more suitable 
material than strontium-90 for the test. 

(1) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 1 mark) 

 Q8. 

An old type of camping lamp used a 'gas mantle'. The gas mantle is heated by the gas flame 
on the lamp and emits a bright white light. Gas mantles used to contain thorium-230. 

Thorium-230 decays by alpha emission to form an isotope of radium. A student keeps a 
radioactive gas mantle in a sealed polythene bag. The student suggests that over a period of 
a year a significant volume of helium gas will be collected, since an alpha particle is a helium 
nucleus. 

Give reasons why the sealed plastic bag is suitable for collecting the gas. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 2 marks) 
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Q9. 
  
A school science department keeps a sample of potassium chloride to use as a test source 
for Geiger-Müller tubes. 

 

Potassium contains 0.012% of the unstable isotope potassium-40. 

Potassium-40 undergoes β– decay, producing a stable isotope of calcium. 

Complete the nuclear equation for this decay. 
(2) 

 

  
(Total for question = 2 marks) 

  
 
Q10. 
  
In 2011, a tsunami was caused by a massive earthquake centred some distance off the 
coast of Japan. The tsunami caused a cooling system failure at the Fukushima Nuclear 
Power Plant. This resulted in a nuclear meltdown and radioactive materials were released 
into the surroundings. 

A reservoir beside one of the reactor buildings contained a large volume of water. In 2013, 
this water was found to have an extremely high concentration of caesium-137. 

Caesium-137 is a radioactive isotope of caesium. 

(i)  Complete the nuclear equation for the decay of caesium-137. 

 
(2) 

(ii)  An activity of 2.35 × 1012 Bq per m3 of water in the reservoir was measured. It is 
suggested that a safe level for the activity of all water in the reservoir would be 100 Bq. 
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Calculate the time in years for the caesium-137 to decay to a safe level. 

volume of water in reservoir = 5000 m3 

half-life of caesium-137 = 30 years 
(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Time = ........................................................... years 

  
(Total for question = 6 marks) 

 Q11. 

The photograph shows a vase made of uranium glass. Uranium glass is radioactive. 

 

Uranium glass usually contains a maximum of 2% uranium. Uranium glass made in the early 
part of the 20th century can contain up to 25% uranium. 

A student carried out an investigation to determine the percentage of uranium in the glass. 

The student measured the count rate by placing a Geiger Muller (GM) tube against the vase 
at a single position. This value was used to calculate the decay rate for the whole vase. 

(i)  Show that the decay constant for uranium is about 5 × 10−18 s−1 
half-life of uranium = 1.41 × 1017 s 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(ii)  Calculate the percentage of uranium, by mass, in the glass. 
 area of GM tube window = 6.36 × 10−5 m2 
 surface area of vase = 0.0177 m2 
 background count rate = 525 counts in 10 minutes  
 count rate when GM tube next to vase = 3623 counts in 5 minutes  
 mass of vase = 149 g  
 mass of uranium atom = 238 u 

(6) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Percentage of uranium = ...........................................................  

(iii)  The uranium decays by emitting alpha particles. 
 Criticise the method used to determine the percentage of uranium in the vase. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 10 marks) 
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Q12. 
  
The photograph shows a vase made of uranium glass. Uranium glass is radioactive. 

 

Uranium glass usually contains a maximum of 2% uranium. Uranium glass made in the early 
part of the 20th century can contain up to 25% uranium. 

A uranium nucleus decays to thorium by emission of an alpha particle. 

It can be assumed that all the energy of the decay is transferred to kinetic energy of the 
alpha particle. 

Calculate the speed of the emitted alpha particle. 

mass of uranium nucleus = 238.0003 u  
mass of thorium nucleus = 233.9942 u  
mass of alpha particle = 4.0015 u 

(5) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Speed of alpha particle = ...........................................................  

  
(Total for question = 5 marks) 

  

 Nuclear Radiation and Radioactive Decay PhysicsAndMathsTutor.com



Q13. 

A student investigated the way in which gamma radiation spreads out from a source.  
He placed a cobalt-60 source in a source holder and set up a Geiger-Müller (GM) tube a 
short distance d away. He connected the GM tube to a counter as shown. 

 

The student recorded the count for 2 minutes. 

Describe how to determine the corrected count rate from the source. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 2 marks) 
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Q14. 

The photograph shows the containers of two radioactive sources kept in a school. 

 

The isotope Ra 226 undergoes a series of decays until it produces the stable isotope Pb 
206. 

Determine the number of α particles and β particles emitted during this process to complete 
the nuclear equation. 

(3) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 

 
 

(Total for question = 3 marks) 
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Q15. 
  

A detector is placed 30 cm from a gamma source, the count rate is 64 counts per minute. 

The detector is then placed 60 cm from the source. The background rate is presumed to be 
a constant 24 counts per minute. 

Which of the following gives the expected counts per minute? 
   A    16 
   B    32 
   C    34 
   D    44 

 
  

(Total for question = 1 mark) 
  
Q16. 
A student investigated the way in which gamma radiation spreads out from a source.  
He placed a cobalt-60 source in a source holder and set up a Geiger-Müller (GM) tube a 
short distance d away. He connected the GM tube to a counter as shown. 

 

Figure 1 

The student recorded the count for 2 minutes. 

His teacher turned the GM tube through 90° so that the side of the tube faced the source as 
shown below. 

 

Figure 2 

It is suggested that the investigation into the way in which gamma radiation spreads out from 
a source, using the apparatus as shown in Figure 2, could be carried out successfully using 
a radium-226 source. 
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Radium-226 emits α, β and γ radiation. 

Justify this suggestion. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 2 marks) 

  
 
 
Q17. 
  
A school science department keeps a sample of potassium chloride to use as a test source 
for Geiger-Müller tubes. 

 

Potassium contains 0.012% of the unstable isotope potassium-40. 

A teacher makes some measurements using the potassium chloride test source to 
determine whether a Geiger-Müller tube is sufficiently efficient at detecting β radiation. 

(i)  The potassium chloride sample has a mass of 300 mg. 
Show that the number of nuclei of potassium-40 in the sample is about 3 × 1017. 
number of potassium nuclei in 1 g of potassium chloride = 8.1 × 1021 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(ii)  Show that the activity of this sample is about 5 Bq. 
half-life of potassium-40 = 1.25 × 109 years 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(iii)  With no sample in front of the Geiger-Müller tube, a count rate of 15 counts per minute is 
recorded. When the potassium chloride test sample is placed next to the Geiger-Müller tube 
176 counts are recorded in a period of 10 minutes. 

A detector is considered efficient if it detects at least 7.5% of beta emissions from the 
source. 
Determine whether this Geiger-Müller tube can be considered efficient. 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(iv)  Explain a possible reason why only a low proportion of the decays are detected. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 10 marks) 
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Q18. 
  
The photograph shows the containers of two radioactive sources kept in a school. 

 

The sources are tested every year and a record of the activity of the sources has to be kept. 

The school has incomplete records. The table shows the test entries for cobalt for 2015 and 
for a year X, which is the year the source was purchased. 

 

The school records show that sources were purchased in 1980, 1987 and 1995, but there is 
no record of which source was purchased in which year. 

(i)  Determine the age of the cobalt source in order to establish in which year the school 
purchased this source. 

half-life of Co 60 = 5.3 years 
(5) 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
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............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
Year = ........................................................... 

 
(ii)  Explain a factor that may affect the reliability of this date. 

(2) 
 
 
 
 
 
 
 
 
 
 

........................................................... 
(Total for question = 7 marks) 

 

 
 Q19. 
  

An old type of camping lamp used a 'gas mantle'. The gas mantle is heated by the gas flame 
on the lamp and emits a bright white light. Gas mantles used to contain thorium-230. 

Thorium-230 decays by alpha emission to form an isotope of radium. A student keeps a 
radioactive gas mantle in a sealed polythene bag. The student suggests that over a period of 
a year a significant volume of helium gas will be collected, since an alpha particle is a helium 
nucleus. 

A particular gas mantle contains 5.18 × 10–5 g of thorium-230. 

 

(i)  Show that the activity of the thorium-230 in the mantle is about 4.0 × 104 Bq. 
230 g of thorium-230 contains 6.02 × 1023 atoms 
half-life of thorium-230 = 75 400 years 
number of seconds in 1 year = 3.15 × 107 

(4) 
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 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Determine the volume of helium gas that could be collected in a year as a result of alpha 
emission. 

Assume that the temperature is 22.0 °C and the pressure is 1.00 × 105 Pa. 
(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Volume = ...........................................................  

(iii)  Calculate the root mean square speed of the atoms in the helium gas at a temperature 
of 22.0 °C. 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Root mean square speed = ...........................................................  
(Total for question = 11 marks) 
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 Q20. 

A student investigated the way in which gamma radiation spreads out from a source.  
He placed a cobalt-60 source in a source holder and set up a Geiger-Müller (GM) tube a 
short distance d away. He connected the GM tube to a counter as shown. 

 

The student recorded the count for 2 minutes. 

His teacher turned the GM tube through 90° so that the side of the tube faced the source as 
shown below. 

 

(i)  Explain why this arrangement could lead to more accurate data. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Explain another modification to the experimental method which would improve the 
accuracy of the data. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 4 marks) 
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 Q21. 

Pions (π+, π −, π 0) are created in the upper atmosphere when cosmic rays collide with 
protons. Pions are unstable and decay rapidly. 

(a)  Pions are the lightest of the hadrons. Charged pions (π + and π −) decay to produce 
muons which then decay to positrons or electrons. 

(i)  A positive pion π + has a quark composition . 
State with a justification the possible quark compositions of a neutral pion π 0. 

(2) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
 
(ii)  Muons are examples of leptons whereas pions are examples of mesons.  
State a structural difference between leptons and mesons. 

(1) 
............................................................................................................................................. 

............................................................................................................................................. 

 
(b)  Muons with a speed of 0.99c travel a distance of 15 km to reach the surface of the Earth 
from the upper atmosphere. 

(i)  Show that the time it takes a muon to travel this distance is about 51 μs. 
(2) 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
 
(ii)  The muons are unstable particles.  
Calculate the fraction of muons which would remain after a time of 51 μs. 

half-life of muon = 2.2 μs 
(4) 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
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............................................................................................................................................. 

 
Fraction = ........................................................... 

 
(iii)  In fact the fraction of muons reaching the surface of the Earth is about 0.1 Explain 
the discrepancy. 

(4) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
  

(Total for question = 11 marks) 
  
 
 
Q22. 
  
The photograph shows the containers of two radioactive sources kept in a school. 

[Same image as on Q14 & Q18]  
The school is required to make a safety inspection of the sources every year. 

(i)  Explain how the sources can be tested to ensure that each source is in the correct 
container. 

(4) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
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(ii)  Explain a safety precaution that must be applied during this procedure. 
(2) 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 Q23. 
  

Radioactive decay is often described in textbooks as a spontaneous, random process. 

* Explain why there is an exponential decrease in the rate of decay for a sample containing a 
large number of unstable nuclei. 

(6) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 6 marks) 
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Q24. 
  

Actinium-225 and bismuth-210 are radioactive isotopes. A sample of each isotope is 
prepared so that each sample has the same number of nuclei initially. 

Explain why the activity of each sample would be the same after 10 days. 

half-life of actinium-225 = 10 days  
half-life of bismuth-210 = 5 days 

(4) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 4 marks) 

  
Q25. 
  
The Sun is believed to be about 4.5 billion years old. To determine this, scientists measure 
the ratios of the lead isotopes found in meteorites. Since uranium undergoes radioactive 
decay in a chain to eventually become an isotope of lead, the ratios of lead isotopes can be 
used to find the age of a meteorite. 

(i)    decays to  via the emission of α and β− radiation. 
In the transition of U-238 to Pb-206 eight alpha decays must occur. 
State the number of beta decays that must occur. Justify your answer. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 
Number of β− decays = ........................................................... 
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(ii)  One isotope produced in the chain is thorium-230, which decays to an isotope of 
radium with a half-life of 75,000 years. 

Calculate the time in years it would take for 90% of an initial sample of thorium to have 
decayed. 

(4) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 
Time taken = ........................................................... years 

 
   

(Total for question = 6 marks) 
 
Q26. 
  
A hundred years ago, a method to determine the age of certain rocks was developed. An 
unstable isotope of rubidium is present in some rocks when they form. Over time the 
rubidium decays to a stable isotope of strontium. 

A sample of Moon rock from the Apollo 11 mission was analysed to determine the age of the 
rock. When the sample was analysed the number of rubidium atoms was NR and the number 
of strontium atoms was NS. 

As strontium atoms have all been produced from the decay of rubidium, the original number 
of rubidium atoms in the sample was (NR + NS). 

From the analysis of the sample, it was determined that  

Deduce whether this ratio is consistent with the Earth and the Moon forming at the same 
time. 

age of Earth = 4.5 × 109 years  
half-life of rubidium isotope = 4.88 × 1010 years 

(5) 
 .............................................................................................................................................  

 .............................................................................................................................................  
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 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 5 marks) 

  
 
 
Q27. 
  
Radioactive decay is often described in textbooks as a spontaneous, random process. 

State what is meant by spontaneous decay. 
(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 1 mark) 
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Q28. 
  
Mass spectrometry is a technique used to separate ions based on their charge to mass ratio. 

The atoms in a sample are ionised and then accelerated and formed into a fine beam.  
This beam is passed into a region of uniform magnetic field and the ions are deflected by 
different amounts according to their mass. 

 

Analysis of mass spectrometer data shows that chlorine exists in nature as two isotopes, 
chlorine-35 and chlorine-37. 

State what is meant by isotopes. 
(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 1 mark) 

 Q29. 
  

A teacher demonstrated the decay of protactinium using a Geiger-Müller (GM) tube 
connected to a data logger. 

A sealed plastic bottle contains a solvent floating above a liquid containing a uranium salt. 
Protactinium is produced from the decay of uranium and is present in the solvent as shown. 

 

 Nuclear Radiation and Radioactive Decay PhysicsAndMathsTutor.com



Deduce whether alpha radiation or beta radiation from the inside of the bottle is detected by 
the GM tube. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 2 marks) 

  
Q30. 
  
A teacher demonstrated the decay of protactinium using a Geiger-Müller (GM) tube 
connected to a data logger. 

A sealed plastic bottle contains a solvent floating above a liquid containing a uranium salt. 
Protactinium is produced from the decay of uranium and is present in the solvent as shown. 

[Same image as on Q29] 

The data logger output is shown below. 
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(i)  Determine the half-life of the protactinium. 
(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Half-life of protactinium = ...........................................................  

(ii)  Explain why the count rate doesn't reach zero. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 6 marks) 

 Q31. 

A hundred years ago, a method to determine the age of certain rocks was developed. An 
unstable isotope of rubidium is present in some rocks when they form. Over time the 
rubidium decays to a stable isotope of strontium. 

Recent investigations suggest that the half-life of the rubidium isotope may be larger than 
the traditionally accepted value. 

Explain how this would affect the ages obtained by this dating method. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 2 marks) 
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Q4. 
  

 

 Q5. 
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Q7. 
  

 

  
 
 
Q8. 
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Q10. 
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Q12. 
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Q15. 
  

 

  
 
 
Q16. 
  

 

  
 
 
Q17. 
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Q18. 
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Q19. 
  

 

  
 
 
Q20. 
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Q21. 
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Q22. 
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Q23. 
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Q24. 
  

 

  
 
 
Q25. 
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Q27. 
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Q29. 
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Q30. 
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