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Check that the National Student Number (NSN) on your admission slip is the same as the number at the 
top of this page.

You should answer ALL the questions in this booklet.

For all numerical answers, full working must be shown. The answer should be given with an SI unit.

For all ‘describe’ or ‘explain’ questions, the answer should be in complete sentences.

If you need more space for any answer, use the pages provided at the back of this booklet and clearly 
number the question.

Check that this booklet has pages 2–8 in the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.

Achievement Criteria
For Assessor’s use only

Achievement
Achievement

with Merit
Achievement

with Excellence

Identify or describe aspects 
of phenomena, concepts or 
principles.

Give descriptions or explanations 
in terms of phenomena, 
concepts, principles and/or 
relationships.

Give concise explanations that 
show clear understanding, in 
terms of phenomena, concepts, 
principles and/or relationships.

Solve straightforward problems. Solve problems. Solve complex problems. 

Overall Level of Performance (all criteria within a column are met)
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You are advised to spend 20 minutes answering the questions in this booklet.

QUESTION ONE: TYPES OF RADIATION

Ernest Rutherford and his colleagues identified three different types of 
radiation emitted from radioactive nuclei. 

(a) Complete the two nuclear equations below with appropriate symbols 
and numbers to identify the type of radiation emitted. State the name of 
the type of radiation.

 (i)
   

38
90 Sr → 39

90 Y+ ..... Name of radiation 

 (ii)
   

27
60 Co → 27

60 Co + ..... Name of radiation 

(b) Uranium 238 decays to thorium (Th) by emitting an alpha particle. 

 Complete the equation for this reaction using appropriate symbols and numbers.
 

 92
238 U → ..... + .....

       
(c) Which type of radiation is most strongly ionising?

(d) Describe what is meant by “ionise” in relation to radiation.

(e) An electron can be emitted from a radioactive nucleus even though it cannot exist inside the 
nucleus. 

 Describe how an electron can be created in the nucleus.
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(f) As part of an experiment, Rutherford placed an alpha particle emitter into a jar. When the jar 
was later tested it contained the gas helium that was not previously present. 

 Explain how the helium was formed. 

(g) The isotope radon 222 ( 86

222 Rn ) undergoes two consecutive radioactive decays and turns into 
the isotope polonium 218 ( 84

218 Po ). 

 Carry out calculations to determine the TWO separate emissions. Name the emissions.
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QUESTION TWO: ATOMIC MODELS

To find out more about the structure of the atom, Rutherford decided to fire alpha particles at a thin 
gold foil. The whole apparatus was in a vacuum.

(a) Explain why the apparatus had to be in a vacuum.

(b) What type of charge does an alpha particle have?

(c) When the experiment was carried out, it was found that most of the alpha particles passed 
straight through the gold atoms, but a few were deflected through very large angles. 

 Describe TWO conclusions possible from these observations. Give an explanation for your  
answers.

 Conclusion 1 

 

 Explanation 
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 Conclusion 2

 

 Explanation 
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QUESTION THREE: RADIO-CARBON DATING

Radio-carbon dating is used to estimate the age of objects that were once living. All living things 
contain a small amount of radioactive carbon 14 ( 6

14 C ). Carbon 14, which has a half-life of 5700 
years, decays to carbon 12. By measuring the activity of a sample of dead tissue, its approximate 
age can be determined. Activity is measured in counts per minute (counts min–1).

(a) Calculate the number of neutrons present in a carbon 14 nucleus.

(b) State what is meant by the term “half-life”.

(c) (i) A sample of living wood has an activity of 16 counts min–1 per gram. 

  Calculate the activity of a 20 g sample of living wood.

 (ii) Hence calculate the activity of a 20 g sample of wood from a tree that died 
17 100 years ago. State the correct unit for your answer.

(d) A 5.0 g sample of old wood from an archaeological site has an activity of 20 counts min–1. 
 
 Calculate the activity of the sample when the wood was living, and hence calculate how long 

ago the tree died.
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Question
Number

Extra paper for continuation of answers if required.
Clearly number the question.

Question 
number
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