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Identify or describe aspects 
of phenomena, concepts or 
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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 page(s) 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.
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You are advised to spend 20 minutes answering the questions in this booklet.

QUESTION ONE:  RUTHERFORD’S EXPERIMENT

Ernest Rutherford carried out an experiment to investigate the structure of the atom. He fired alpha 
particles at a thin gold foil, and observed the path of the alpha particles. The whole apparatus was in 
a vacuum chamber.

alpha source lead screens

gold foil

detector

(a) State what an alpha particle is.

(b) State why the apparatus was placed in a vacuum.

(c) State the purpose of the lead screens.
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Rutherford made the following observations:

Observation 1: Most of the alpha particles went straight through the gold atoms undeflected.

Observation 2: A few of the alpha particles rebounded (bounced back) from the gold atoms.

(d) State what Rutherford concluded about the structure of the gold atom from Observation 1.

(e) State and explain TWO of Rutherford’s conclusions from Observation 2.

 (i)

 (ii)
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QUESTION TwO: RADIOACTIVITY

Some nuclei are unstable and undergo radioactive decay in order to become more stable. This 
involves the nucleus giving off some radiation. 

Complete the equation for each of the following radioactive decays, and name the type of 
radiation.

(a) Rn Po86

220

84

216
" +  Type of radiation  

(b) Na Mg11

24

12

24
" +  Type of radiation  

Beta particles are created inside a nucleus by the decay of a neutron. Complete the equation to show 
how this occurs.

(c) n0

1
"  +  

One isotope of cobalt is radioactive, and it decays producing a beta particle and a gamma ray. 
Complete the equation for this decay, and determine the atomic number and mass number of 
the cobalt.

(d) Co Ni28

60
"  +  +  

 atomic number = 

 mass number = 
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QUESTION THREE:  A STUDENT INVESTIgATION

A student wanted to identify the type of radiation emitted from three unknown radioactive sources. 
She had a piece of paper, a strong magnet and a Geiger counter. The radioactive sources were 
attached to discs coloured red, blue and green. 

In the investigations, she placed each radioactive source in the position shown, and measured the 
radiation received by the Geiger counter.

Investigation 1 Investigation 2
radioactive
source

coloured disc

paper Geiger counter

radioactive
source

coloured disc

magnet

Geiger counter

Results
Red disc Not stopped by paper Not deflected by magnet

Blue disc Stopped by paper Deflected by magnet

Green disc Not stopped by paper Deflected by magnet

Deduce the type of radiation emitted from each radioactive source, giving a brief explanation in 
each case.

(a) Radioactive source on red disc emits 

 Explanation:

(b) Radioactive source on blue disc emits 

 Explanation:
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(c) Radioactive source on green disc emits 

 Explanation:
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QUESTION FOUR:  RADIOACTIVE HALF-LIFE

Cobalt 60 is a beta emitter used in medicine. It is created in a nuclear reactor, and decays with a 
half-life of 5.2 years. It is stored in a lead container until it is used.

(a) State why the container is made of lead.

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

(c) In 2001, the contents of a sealed lead container were 2.0 g of radioactive Cobalt 60. 

 Determine the approximate mass of the contents five years later.  
 
 Explain your answer.

 Mass = 

 Explanation

(d) In what year will the rate of decay of the Cobalt 60 be one-quarter of what it was in 2001?  

 Year
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Question 
number

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