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Topic Paper: 4.2 Atoms and nuclear radiation
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Materials
For this paper you must have:
● the Periodic Table/Data Sheet, provided as an insert (enclosed)
● a ruler with millimetre measurements
● a calculator, which you are expected to use where appropriate.

Instructions
● Use black ink or black ball-point pen.
● Fill in the boxes at the top of this page.
● Answer all questions.
● You must answer the questions in the spaces provided. Do not write outside the box around

each page or on blank pages.
● All working must be shown.
● Do all rough work in this book. Cross through any work you do not want to be marked.

Information
● The Periodic Table/Data Sheet is provided as in insert.
● You are reminded of the need for good English and clear presentation in your answers.
● When answering questions you need to make sure that your answer:

- is clear, logical, sensibly structured
- fully meets the requirements of the question
- shows that each separate point or step supports the overall answer.
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Q1.  A beta particle is a high-energy electron.

(i)  Which part of an atom emits a beta particle?

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

(ii)  How does the composition of an atom change when it emits a beta particle?

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

(Total 2 marks)

Q2.  (a)  (i)  Describe the structure of alpha particles.

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

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

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

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

(ii)  What are beta particles?

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

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

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

(b)  Describe how beta radiation is produced by a radioactive isotope.

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

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

(Total 4 marks)
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Q3.  When atoms of uranium 238 (U234) decay they produce another radionuclide called thorium
234 (Th234)

 Thorium 234 (Th234) decays by emitting beta radiation.

(i)  What does beta radiation consist of?

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

(ii)  Thorium 234 (Th238) decays to form protactinium 234 (Pa234).

 What differences are there between the nucleus of a protactinium 234 (Pa234) atom and
the nucleus of a thorium 234 (Th234) atom?

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

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

(Total 3 marks)

Q4. (a)  There are many isotopes of the element molybdenum (Mo).

What do the nuclei of different molybdenum isotopes have in common?

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

(b) The isotope molybdenum-99 is produced inside some nuclear power stations from the
nuclear fission of uranium-235.

(i) What happens during the process of nuclear fission?

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

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

(ii) Inside which part of a nuclear power station would molybdenum be produced?

...............................................................................................................
(1)
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(c) When the nucleus of a molybdenum-99 atom decays, it emits radiation and changes into a
nucleus of technetium-99.

Mo  Tc + Radiation

What type of radiation is emitted by molybdenum-99?

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

Give a reason for your answer.

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

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

(d) Technetium-99 has a short half-life and emits gamma radiation.

What is meant by the term ‘half-life’?

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

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

........................................................................................................................
(1)
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(e) Technetium-99 is used by doctors as a medical tracer. In hospitals it is produced inside a
technetium generator by the decay of molybdenum-99 nuclei.

(i) The figure below shows how the number of nuclei in a sample of molybdenum-99
changes with time as the nuclei decay.

Time in days

A technetium generator will continue to produce sufficient technetium-99 until 80% of
the original molybdenum nuclei have decayed.

After how many days will a source of molybdenum-99 inside a technetium-99
generator need replacing?

Show clearly your calculation and how you use the graph to obtain your answer.

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

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

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

Number of days = ...........................................
(2)

(ii) Medical tracers are injected into a patient’s body; this involves some risk to the
patient’s health.

Explain the risk to the patient of using a radioactive substance as a medical tracer.

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

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

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

...............................................................................................................
(2)
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(iii) Even though there may be a risk, doctors frequently use radioactive substances for
medical diagnosis and treatments.

Suggest why.

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

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

(Total 11 marks)

Q5. In 2011 an earthquake caused severe damage to a nuclear power station in Japan.

The damage led to the release of large amounts of radioactive iodine-131 into the
atmosphere.

(a) The table gives some information about an atom of iodine-131  .

Complete the table.

(1)

 mass number 131

 number of protons 53

 number of neutrons 

(b) Complete the sentence.

The number of protons in an atom is called the proton number or

the .............................. number.
(1)

(c) An atom of iodine-131 decays into an atom of xenon (Xe) by emitting a beta particle.

(i) The decay of iodine-131 can be represented by the equation below.

Complete the equation by writing the correct number in each of the two boxes.

(2)
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(ii) A sample of rainwater contaminated with iodine-131 gives a count rate of 1200
counts per second.

Calculate how many days it will take for the count rate from the sample of rainwater
to fall to 75 counts per second.

Half-life of iodine-131 = 8 days

Show clearly how you work out your answer.

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

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

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

(iii) If people drink water contaminated with iodine-131, the iodine-131 builds up in the
thyroid gland. This continues until the thyroid is saturated with iodine-131 and cannot
absorb any more. The radiation emitted from the iodine-131 could cause cancer of
the thyroid.

In Japan, people likely to be drinking water contaminated with iodine-131 were
advised to take tablets containing a non-radioactive isotope of iodine.

Suggest why this advice was given.

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

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

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

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

(Total 8 marks)

Q6.  (a)  A radioactive source emits alpha (α), beta (β) and gamma (γ) radiation.

(i)  Which two types of radiation will pass through a sheet of card?

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

(ii)  Which two types of radiation would be deflected by an electric field?

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

(iii)  Which type of radiation has the greatest range in air?

...........................................................................................................................
(1)
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(b)  A student suggests that the radioactive source should be stored in a freezer at – 20 °C.
The student thinks that this would reduce the radiation emitted from the source.

Suggest why the student is wrong.

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

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

(c)  Phosphorus-32 is a radioactive isotope that emits beta radiation.

(i)  How is an atom of phosphorus-32 different from an atom of the stable isotope
phosphorus-31?

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

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

(ii)  The graph shows how the count rate of a sample of phosphorus-32 changes with
time.

 Use the graph to calculate the half-life of phosphorus-32.

 Show clearly how you used the graph to obtain your answer.

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

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

Half-life = ....................................... days
(2)
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(iii)  Plants use phosphorus compounds to grow. Watering the root system of a plant
with a solution containing a phosphorus-32 compound can help scientists to
understand the growth process.

 Explain why phosphorus-32 is suitable for use as a tracer in this situation.

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

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

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

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

(Total 9 marks)
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