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1 A metre rule is clamped to a ramp. Fig. 1.1 shows the experimental set up. 
 

0
10

20
30

40
50

60
70

80
90

100

 
 

Fig. 1.1 
 

• The ramp is tilted and a toy car is held at the top of the ramp. 

• The car is given a gentle push and it moves down the ramp. 

• The positions of the car after successive time intervals of 0.20 s are shown. 
 
 (a) (i) Read off the positions of the front of the car after each time interval. 
 
   Record the values, to the nearest centimetre, in Table 1.1. 
 
   Calculate the total distance travelled after each time interval and complete the 

table. 
 

Table 1.1 
 

time / s 0.0 0.20 0.40 0.60 0.80 

position / cm 99     

total distance travelled / cm 0     

 
    [2] 
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 (ii) On the grid in Fig. 1.2, draw a distance / time graph for the car’s journey. 
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Fig. 1.2 
    [2] 
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 (b) The graph in Fig. 1.3 shows a speed / time graph for the car on a similar journey. 
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Fig. 1.3 
 
   Use the graph to determine the acceleration of the car. 
 
   Do your working in the box. 
 

 

acceleration =   unit  [3] 
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2 (a) Table 2.1 shows the number of sub-atomic particles in several different atoms and 
ions. 

 
  Complete Table 2.1 by writing in the symbol of each atom or ion. Include the charge on 

each ion. The first one has been completed for you. 
 

Table 2.1 
 

number of protons number of electrons number of neutrons symbol 

 3  3  4 Li 

 9  10  10  

 11  10  12  

 15  15  16  

 
    [2] 
 
 
 (b) The symbol for an iron(III) ion is Fe3+. 
 
  The symbol for an oxide ion is O2−. 
 
  Deduce the formula for the compound iron(III) oxide. 
 
 

    [1] 
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3 Table 3.1 gives information about four elements in Group 0 (noble gases) of the Periodic 
Table. 

 
Table 3.1 

 

element 
electron  

arrangement 
density of gas  

in kg / m3 
melting point / °C boiling point / °C 

helium 2 0.17 −272 −269 

neon 2.8 0.84 −248 −246 

argon 2.8.8 1.67  −186 

krypton 2.8.18.8 3.50 −157 −152 

 
 (a) Describe the trend in boiling point down Table 3.1, from helium to krypton. 

 

 [1] 

 

(b) Predict the melting point of argon.  °C [1]

 
 
 (c) A balloon is filled with one of the noble gases.  
 
  The material of the balloon increases the average density of the filled balloon by 

0.45 kg / m3. 
 
  The density of air at 25 °C is 1.18 kg / m3. 
 
  In order for the balloon to rise in air, its average density must be less than that of air. 
 
  State which of the noble gases could be used to fill this balloon so that it will rise in air 

at 25 °C and explain your answer. 

noble gas   

explanation  

 

 [2] 
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4 Fig. 4.1 shows the structure of a thermocouple thermometer.  
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Fig. 4.1 
 
 (a) Wires 2 and 3 are made from the same material.  
 
  Suggest suitable materials from which the three wires could be made. 

wire 1   

wires 2 and 3   [2] 

 
 
 (b) Junction 1 is placed in a cup of warm water and junction 2 is placed in melting ice. 
 
  Describe and explain what is observed. 

 

 

 

 [3] 

 
 

 (c) An engineer uses a thermocouple to investigate the temperature at one point in a jet 
engine. He takes measurements from the time that the engine is first switched on until 
it reaches a steady temperature. 

 
  Give two reasons why a thermocouple is a suitable thermometer to use. 
 
  Give an explanation for one of your reasons. 

reason 1  

 

reason 2  

 

explanation  

 [3] 
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5 Fig. 5.1 shows the arrangement of atoms in two forms of carbon, diamond and graphite. 
 

graphitediamond  
 

Fig. 5.1 
 
 Table 5.1 gives information about some of the properties of diamond and graphite. 
 

Table 5.1 
 

 diamond graphite 

hardness  10  2 

melting point / °C  4227  3927 

electrical conductivity low high 

 
 (a) Use ideas about the structure of diamond and graphite to explain the 
 
 (i) difference in hardness,  

 

 

 [2] 

 
 (ii) difference in electrical conductivity, 

 

 

 [2] 

 
 (iii) high melting points. 

 

 

 [2] 
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 (b) Carbon compounds are the basis of organic chemistry. An example is the compound 
methane, CH4. 

 
  Methane has covalent bonding. At room temperature, methane is a gas. 
 
  Explain why methane has a very low boiling point. 

 

 

 [2] 

 
 
 (c) Plants make carbon compounds by the process of photosynthesis. 
 
  In this process plants react carbon dioxide with water to make glucose, C6H12O6, and 

oxygen, O2.  
 
 (i) Write a balanced equation for photosynthesis. 

 [2] 

 
 (ii) Photosynthesis is an endothermic process. 
 
   Explain how plants obtain the energy for photosynthesis. 

 

 

 [2] 
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6 Air traffic control uses radar ranging to track an aircraft. A radar transmitter sends out a 
pulse of microwaves. The waves reflect back from an aeroplane and are detected by the 
radar station. 

 
 Fig. 6.1 shows how the system works. 
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Fig. 6.1 
 
 (a) Fig. 6.2 shows the screen of a cathode ray oscilloscope (c.r.o.) at air traffic control.  
 

transmitted 
pulse 

reflected 
pulse 

 
 

Fig. 6.2 
 
  The time–base of the c.r.o. is set at 0.05 ms / division. 
 
 (i) Suggest why the reflected pulse has a smaller amplitude than the transmitted 

pulse. 

 

 [1] 

 
 (ii) Calculate the time between the emission and detection of the pulse. 
 
 
 
 
 

time =  s [1] 
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 (iii) Calculate the distance of the aeroplane from the transmitter. 
   (speed of microwaves = 3 � 108

 m / s) 
 
 
 
 
 

distance =  unit  [2] 

 
 
 (b) (i) The microwaves used have a wavelength of 7.5 mm. 
 
   Calculate the frequency of the microwaves. 
 
 
 
 
 

frequency =  unit  [2] 

 
 (ii) State one other use of microwaves.  

 [1] 
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7 Marble chips are made of calcium carbonate. They react with hydrochloric acid. 
 

CaCO3  +  2HCl  �  CaCl2  +  CO2  +  H2O 
 
 A student uses the apparatus in Fig. 7.1 to measure the carbon dioxide given off in this reaction. 
 

gas syringe

marble chips 50 cm3 hydrochloric acid
 

 
Fig. 7.1 

 
 The results of this investigation are shown in Table 7.1. 
 

Table 7.1 
 

time / s 0 20 40 60 80 100 120 

volume of carbon dioxide / cm3 0 15 27 35 39 40 40 

 
 
 (a) (i) Plot the results on the grid. [2] 
 
 (ii) Draw a best-fit curve. [1] 
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 (b) State how the student could test the gas to show that it is carbon dioxide. 

test  

result  [2] 

 
 
 (c) (i) After 100 seconds, no more carbon dioxide was given off. Some of the marble 

chips remained. 
 
   Explain why no more carbon dioxide was given off. 

 

 [1] 

 
 (ii) The volume of carbon dioxide was measured at room temperature and pressure. 
 
   Calculate the mass of calcium carbonate that reacted with the hydrochloric acid. 
   [relative atomic masses, Ar : C, 12; O, 16; Ca, 40] 
 
   The volume of one mole of any gas is 24 dm3 at room temperature and pressure. 
 
   Show your working in the box. 
 

 

mass of calcium carbonate =  g [3] 

 
 
 (d) The student repeated the experiment using the same mass of powdered calcium 

carbonate instead of marble chips. 
 
  Sketch on the grid in (a) the results you would expect from this second experiment.    
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8 Fig. 8.1 shows the use of transformers in the transmission of electrical energy. 
 

power
station homestransformer

1
transformer

2
power lines  

 
Fig. 8.1 

 
 (a) (i) State the function of each of the two transformers. 

transformer 1  

 

transformer 2  

 [2] 

 
 (ii) Explain why electrical energy is transmitted at very high voltages. 

 

 

 [2] 
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 (b) Power lines can be made from several strands of copper, with a strand of steel, as 
shown in Fig. 8.2. 

  
 

 

insulation
copper strands

steel strand

 
 

Fig. 8.2 
 
  (i) Describe the metallic structure of copper and explain how it makes copper a 

suitable material for the transmission of electricity. 

 

 

 

 

 [4] 

 
 (ii) Suggest why a steel strand is included in the power-line. 

 

 [1] 
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9 Ethene is a hydrocarbon with the formula C2H4. 
 
 (a) Draw a dot and cross diagram to show the bonding in a molecule of ethene. Include 

only the outer shell electrons of carbon and hydrogen. 
 

 

 
    [2] 
 
 
 (b) Ethene can be made from long chain alkanes obtained from crude oil. 
 
 (i) State the name given to the process used to produce ethene from long chain 

alkanes. 

 [1] 

 
 (ii) State the two conditions needed for the process. 

1  

2  [2] 
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 (c) Ethene is reacted with steam to produce ethanol. 
 

C2H4  +  H2O  �  C2H5OH 
 
 (i) Calculate the mass of ethanol that can be made from each kg of ethene. 
   [relative atomic masses, Ar : H, 1; C, 12; O, 16] 
 
   Show your working in the box. 
 

 

mass of ethanol =  kg [2] 

 
 (ii) Name and describe another process that can be used to make ethanol. 

 

 

 

 [3] 
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10 Nuclear fusion takes place in the sun. 
 
 (a) (i) Explain what is meant by nuclear fusion. 

 

 

 [2] 

 
 (ii) Energy released as radiation from the sun reaches the earth. 
 
   Name two types of this radiation. 

1  

2  [2] 

 
 

 (b) In a fusion reaction between two deuterium nuclei ( 2

1
H), each of mass 3.3434 � 10-27 kg, 

the total mass of the products of this reaction is 6.6810 � 10-27
 kg. 

 
 (i) Show that the mass lost during this reaction is 5.8 � 10-30

 kg.  
 

Do your working in this box. 

 
    [1] 
 
 (ii) Calculate the energy released in this reaction. 
 

Do your working in this box. 

energy released =  J [2] 
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 (iii) The output from the sun is approximately 4 x 1026
 W.  

 
  Estimate the number of fusion reactions which occur each second. You may 

assume that this is the only type of fusion reaction that occurs in the Sun.  
 

Do your working in this box. 

number of reactions per second =  [2] 
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