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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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(b)  The diagrams show a G-M tube and counter used to measure the radiation emitted from a
source. Both diagrams show the reading on the counter one minute after it was switched
on.

 Explain why the counter readings show that the source is giving out only gamma radiation.

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

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

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

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

(c)  The box gives information about the radioactive isotope technetium-99.

What is meant by the term half-life?

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

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

Type of radiation emitted: gamma

Half-life: 6 hours

Used as a medical tracer

Q7.  (a)  Alpha particles (α), beta particles (β) and gamma rays (γ) are types of nuclear radiation.

(i)  Which of the three types of radiation is the most strongly ionising?

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

(1)

(ii)  What effect does nuclear radiation have on living cells?

...........................................................................................................................
(1)
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(d)  To study the blood flow in a patient’s lungs, a doctor injects a small quantity of a
technetium-99 compound into the patient. The radiation emitted by the technetium-99
atoms is detected outside the patient’s body.

 Explain why a doctor would not use a radioactive isotope with a very short half-life, such
as 2 seconds, as a medical tracer.

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

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

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

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

(Total 7 marks)

Q8. (a)  A teacher used a Geiger-Műller (GM) tube and counter to measure the background
radiation in her laboratory.

The teacher reset the counter to zero, waited one minute and then took the count reading.
The teacher repeated the procedure two more times.

(i) Background radiation can be either from natural sources or from man-made
sources.

Name one man-made source of background radiation.

...............................................................................................................
(1)
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(ii) The three readings taken by the teacher are given in the table.

The readings given in the table are correct.

Why are the readings different?

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

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

 Count after
one minute

15

24

18

(b) Some scientists say they have found evidence to show that people living in areas of high
natural background radiation are less likely to develop cancer than people living in similar
areas with lower background radiation.

The evidence these scientists found does not definitely mean that the level of background
radiation determines whether a person will develop cancer.

Suggest a reason why.

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

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

(c) An atom of the isotope radon-222 emits an alpha particle and decays into an atom of
polonium.

An alpha particle is the same as a helium nucleus. The symbol below represents an alpha
particle.

(i) How many protons and how many neutrons are there in an alpha particle?

Number of protons = ...............

Number of neutrons = ...............
(2)

(ii) The decay of radon-222 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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(d) The graph shows how, in a sample of air, the number of radon-222 nuclei changes with
time.

Time in days

Use the graph to find the half-life of radon-222.

Show clearly on the graph how you obtain your answer.

Half-life = .................................................. days
(2)

(Total 9 marks)

Q9. There are many different isotopes of gold. The isotope, gold-198, is radioactive.
An atom of gold-198 decays by emitting a beta particle.

(a) Complete the following sentences.

All atoms of gold have the same number of ................................................................

and the same number of .................................................................... .

The atoms from different isotopes of gold have different numbers of ........................ .

A beta particle is an .................................................................... emitted

from the .................................................................... of an atom.
(3)
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(b) The graph shows how the count rate from a sample of gold-198 changes with time.

Time in days

Use the graph to calculate the half-life of gold-198.

Show clearly on the graph how you obtain your answer.

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

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

Half-life = ............................... days
(2)
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(c) The diagram shows a map of a river and the river estuary.

Environmental scientists have found that water flowing into one part of the river estuary is
polluted. To find where the pollution is coming from, the scientists use a radioactive
isotope, gold-198.

The gold-198 is used to find where the pollution is coming from.

Explain how.

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

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

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

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

(Total 7 marks)

Q10.  (a)  Complete the following table for an atom of uranium-238 ( U)

(1)

mass number 238

number of protons 92

number of neutrons 

(b)  Complete the following sentence.

 The name given to the number of protons in an atom is the proton number or the

............................................................ .
(1)
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(c)  An atom of uranium-238 ( U) decays to form an atom of thorium-234 ( Th).

(i)  What type of radiation, alpha, beta or gamma, is emitted by uranium-238?

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

(ii)  Why does an atom that decays by emitting alpha or beta radiation become an atom
of a different element?

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

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

(Total 4 marks)
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Q11. In the early part of the 20th century, scientists used the ‘plum pudding’ model to explain the
structure of the atom.

Following work by Rutherford and Marsden, a new model of the atom, called the ‘nuclear’ model,
was suggested.

Describe the differences between the two models of the atom.

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

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

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

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

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

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

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

.................................................................................................................................
(Total 4 marks)

Q12.  In the early part of the 20th century scientists used the ‘plum pudding’ model to explain the
structure of the atom.

(a)  What did scientists think that the ‘pudding’ part of the atom was?

........................................................................................................................
(1)
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(b)  The scientists Geiger and Marsden devised an experiment to test the ‘plum pudding’
model. They fired positively charged alpha particles at a very thin sheet of gold foil. They
then measured the different paths taken by the alpha particles.

List A gives some of the observations from the experiment. List B gives the conclusions
reached from the observations.

Draw one line from each observation in List A to the conclusion reached in List B.

List A  List B
Observation Conclusion

(2)

(c)  Following the work of Geiger and Marsden, the ‘plum pudding’ model of the atom was
replaced by the ‘nuclear model’ of the atom.

Explain why it is sometimes necessary for scientists to replace a scientific model.

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

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

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

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

(Total 5 marks)
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Q13. (a)  Atoms of the isotope bismuth-212 decay by emitting either an alpha particle or a beta
particle.
The equation represents what happens when an atom of bismuth-212 decays by beta
emission into an atom of polonium-212.

(i)  The bismuth atom and the polonium atom have the same mass number (212).

What is the mass number of an atom?

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

(ii) Beta decay does not cause the mass number of an atom to change.

Explain why not.

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

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

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

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

(b) When an atom of bismuth-212 emits an alpha particle, the atom decays into an atom of
thallium.

An alpha particle is the same as a helium nucleus.
The symbol below represents an alpha particle.

(i)  The equation below represents the alpha decay of bismuth-212.

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

(2)
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(ii) It is impossible for the alpha decay of bismuth-212 to produce the same element as
the beta decay of bismuth-212.

Explain why.

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

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

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

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

(Total 7 marks)
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