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1 A student was asked to prepare some copper sulphate crystals. 
 
 The diagrams, P, Q and R, in Fig. 1.1 show three important steps in the method the student 

used. 
 

powdered

copper

carbonate

dilute

sulphuric

acid

P Q R

heat

 
 

Fig. 1.1 
 
 (a) (i) Complete the table, using the letters P, Q and R, to show the order in which these 

processes should be carried out to produce copper sulphate crystals. 
 

first  

second  

third  

[1] 
 
 (ii) Suggest how the student made certain that all of the sulphuric acid had reacted. 

 

 [1] 

 
 (iii) Explain why the process shown in step P in Fig. 1.1 needs to be included in the 

method. 

 

 [1] 

 
 (iv) Complete the symbolic equation below for the reaction between copper carbonate 

and dilute sulphuric acid. 
 

CuCO3 CuSO4+ + +

 
[2] 
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 (b) The student then carried out electrolysis on the solution of copper sulphate that she had 
made. 

 
 Fig. 1.2 shows a simplified diagram of the apparatus she used. 
 

power

pack

carbon electrodes

copper sulphate

solution
 

 
Fig. 1.2 

 
 
 (i) Describe what is observed at the positive electrode (anode) in this process. 

 

 [1] 

 
 (ii) Copper ions have the symbol Cu2+. Describe and explain what happens to these 

ions during electrolysis. 

 

 

 

 [3] 
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2 (a) Fig. 2.1 shows a radioactive source emitting beta radiation. This radiation is directed at 
sheets of paper, aluminium and lead. 

 

aluminium foil

aluminium

shield

paper

lead

radioactive

source

 
 

Fig. 2.1 
 
 (i) Describe how you would compare the effectiveness of the sheets of material in 

absorbing the beta radiation. 

 

 

 [3] 

 
 (ii) Alpha, beta and gamma radiations are passed between two electrically charged 

plates as shown in Fig. 2.2. 

alpha radiation

beta radiation

gamma radiation

– –––––––––

+ +++++++++  
Fig. 2.2 

 
 Complete the diagram to show the path of each type of radiation as it passes 

between the charged plates. 
 
 Explain your answer. 

 

 

 

 [3] 
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 (b) Alpha radiation is described as ionising radiation. 
 
 (i) Explain the meaning of the term ionising radiation. 

 

 [1] 

 
 (ii) Explain why it is more dangerous to swallow a substance that emits alpha radiation 

than one that emits gamma radiation. 

 

 

 

 [2] 

 
 
 (c) Electricity can be generated by nuclear fission. 
 
 Describe what happens to an atom during nuclear fission. 

 

 

 

 [2] 
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3 (a) A small child has to learn how to balance herself when riding a bicycle. 
 

 
 
 Once she has learned, the many small movements needed to stay balanced become 

reflex actions. 
 
 (i) What is meant by the term reflex action? 

 

 [2] 

 
 (ii) Give one advantage of reflex actions compared to voluntary actions. 

 

 [1] 

 
 
 (b) Some professional cyclists who have taken part in international competition have 

carried out a procedure called blood doping. Anyone who is found to have done this is 
now disqualified. 

 
 Blood doping involves taking about one litre of blood from the person’s body. Some of 

the liquid is removed from it and then it is stored for a month or two at a low 
temperature. Meanwhile, the body makes more blood to replace the blood that was 
removed. 

 
 A day before the competition, the saved blood is transfused back into the person’s 

body. 
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 Table 3.1 shows how this affects the person’s blood and ability to exercise. 
 

Table 3.1 
 

 
before the saved blood 

was transfused 
after the saved blood 

was transfused 

concentration of haemoglobin 
in the blood / g per cm3 

13.8 17.6 

length of time the person 
could run on a treadmill at top 
speed / seconds 

793 918 

 
 
 (i) Suggest why the blood which has been removed is stored at a low temperature. 

 

 

 [2] 

 
 (ii) Using the information in Table 3.1, and your own knowledge, explain how blood 

doping affects the concentration of haemoglobin in the blood. 

 

 

 

 [2] 

 
 (iii) Using the information in Table 3.1, and your own knowledge, suggest how blood 

doping can help a cyclist to win a race. 

 

 

 

 

 

 [3] 
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4 The chemical symbols for two elements are shown below. 
 

Zn65

30 O16

8
 

 
 (a) Complete the table which refers to one atom of each element. 
 

element number of protons number of neutrons number of electrons

zinc    

oxygen    

[2] 
 
 
 (b) When zinc is burned in oxygen, zinc oxide is formed. 
 
 The formula of zinc oxide is ZnO. If the symbol and charge of an oxide ion is O2-, 

deduce the charge of a zinc ion. 
 
 Explain your answer. 

 

 

 

 [2] 
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 (c) A small piece of zinc was added to three solutions of metal salts. 
 
 The results are shown in Fig. 4.1. 
 

A

lead nitrate

solution

B

magnesium sulphate

solution

C

copper sulphate

solution  
 

Fig. 4.1 
 
 Grey crystals appeared in tube A and a brown solid appeared in tube C. There was no 

reaction in tube B. 
 
 (i) Name the type of reaction occurring in tubes A and C. 

 [1] 

 
 
 (ii) Explain the observations in tubes B and C. 

 

 

 

 [3] 

 
 
 (iii) What are the grey crystals which appeared in tube A? 

 [1] 
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5 (a) A student set up the circuit shown in Fig. 5.1. 
 

lamp A lamp B  
 

Fig. 5.1 
 
 
 The student noticed that neither lamp A nor lamp B lit up. She found nothing wrong with 

lamp A, but the filament in lamp B was broken. 
 
 (i) Explain why lamp A did not light up. 

 

 [1] 

 
 
 (ii) She replaced lamp B with a new lamp C. The resistance of each lamp was 4 ohms 

when lit. 
 
 Calculate the combined resistance of both lamps in the working circuit. 
 
 
 

 [1] 
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 (iii) She then made the circuit shown in Fig. 5.2 using lamps A and C. 
 
 Calculate the combined resistance of both lamps in this circuit. 
 

lamp C

lamp A

 
 

Fig. 5.2 
 
 Show your working and state the formula that you use. 
 
 formula used 
 
 
 
 working 
 
 
 
 
 
 

 [2] 

 
 
 
 (b) Electricity is distributed for use at home using alternating current. 
 
 (i) Explain the meaning of the term alternating current. 

 

 [1] 

 
 
 (ii) Explain why alternating current is used rather than direct current. 

 

 

 [2] 
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6 (a) Fig. 6.1 shows a section through a leaf. 
 

X

 
 
 

Fig. 6.1 
 
 
 (i) On Fig. 6.1 draw a line to show how carbon dioxide enters the leaf and travels to 

cell X. [1] 
 
 (ii) Describe and explain one way in which cell X is adapted for photosynthesis. 

 

 

 [2] 
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 (b) The leaves of tomato plants are sometimes eaten by insect pests. One variety of 
tomato plants contains a substance which makes its leaves taste unpleasant, so that 
insects do not eat them. 

 
 The allele which causes tomato plants to contain this substance is a dominant allele, A. 
 
 Draw a genetic diagram to show the offspring which could result from a heterozygous 

parent with this substance, and a parent which does not have it. 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
 (c) Fig. 6.2 shows some of the ways in which the tomato plants and insects both contribute 

to the carbon cycle. 
 

carbon

dioxide

in air

tomato

plants
insects

decomposers

feeding

photosynthesis
respiration

 
 
 

Fig. 6.2 
 
 
 On Fig. 6.2 draw and label two more arrows to show how carbon dioxide is returned to 

the air. [2] 
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7 Petroleum (crude oil) is obtained from the Earth’s crust, and is the raw material for liquid fuel 
used in cars. Petroleum is a mixture of compounds. Most of these compounds are 
hydrocarbons. 

 

OIL

air

petroleum refining liquid fuel  
 
 (a) Name the process used at an oil refinery to separate petroleum into useful materials, 

such as gasoline and diesel for use as fuel for cars. 

 [1] 

 
 
 (b) When liquid hydrocarbon fuel is oxidised in a car’s engine, waste gases are produced. 

In modern cars, the waste gases pass through a catalytic converter. In the converter, 
chemical reactions take place which reduce the amount of poisonous gases entering 
the air. 

 Fig. 7.1 shows a simplified diagram of a catalytic converter. 
 

many narrow tubes made of metal

gases

entering

the air

gases from engine

 
 

Fig. 7.1 
 
 (i) Suggest why the alloy used to make the narrow tubes contains transition metals. 

 

 [1] 

 
 (ii) The higher the temperature inside the converter the greater the amount of 

poisonous gases which it removes. 
 
 Suggest a reason for this. 

 

 [1] 
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 (c) (i) The symbolic equation for one of the reactions which occurs in the converter is 
shown below. The equation is not balanced. 

 Balance the equation. 
 

NO   +   CO N2   +   CO2 
[1] 

 
 (ii) Explain how the compound whose formula is CO is formed in the car’s engine. 

 

 

 [2] 

 
 
 (iii) Explain why the reaction shown in part (c)(i) is an example of a redox reaction. 

 

 

 [2] 

 
 
 (iv) Draw a diagram to show how the outer electrons are arranged in a molecule of 

carbon dioxide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
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8 (a) Fig. 8.1 is a graph showing the speed of a caterpillar measured over 300 seconds. 
 

4

3

2

1

0

0 50 100 150

time / s

speed /

mm per s

200 250 300

A B

C D

E F

 
 

Fig. 8.1 
 
 (i) How can you tell that the caterpillar is moving at a constant speed between A and 

B? 

 

 [1] 

 
 
 (ii) Between which times is the caterpillar accelerating? 
 Explain your answer. 

 

 [1] 

 
 
 (iii) How far did the caterpillar travel in 300 seconds? 
 Show your working. 
 
 
 
 
 
 
 
 

 [2] 
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 (b) The student looks at the caterpillar using a magnifying glass as shown in Fig. 8.2. 

2 cm

2.5 cm

4 cm

 
 

Fig. 8.2 
 
 (i) State the focal length of the lens. 
 

 cm [1] 

 
 
 (ii) Complete the ray diagram to show how the eye sees an enlarged image of the 

caterpillar. [2] 
 
 
 (iii) This image is called a virtual image. 
 
 Explain the meaning of the term virtual image. 

 

 [1] 
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9 (a) Fig. 9.1 shows the male reproductive system. 
 

B

A

D

C

 
 

Fig. 9.1 
 
 (i) Name the parts labelled A and C. 

A   

C   [2] 

 
 (ii) State the functions of parts B and D. 

B  

D  [2] 

 
 
 (b) Some organisms are able to reproduce both asexually and sexually. 
 
 (i) Describe the differences between asexual reproduction and sexual reproduction. 

 

 

 [2] 

 
 (ii) Explain one advantage to an organism of reproducing asexually. 

 

 

 [2] 
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