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1 A ball of mass 84 g is dropped from the top of a high building.

 The graph in Fig. 1.1 shows the speed of the ball as it falls.
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Fig. 1.1

 (a) (i) Use the graph to determine the maximum speed of the ball.

 maximum speed =  .................................................  m / s [1]

  (ii) State the resultant force on the ball when it is falling at its maximum speed.

 force =  .....................................................  N [1]
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 (b) (i) Calculate the kinetic energy of the ball when it is falling at its maximum speed. 

   Show your working.

 kinetic energy =  ......................................................  J [3]

  (ii) The ball hits the ground and bounces. 

   The speed of the ball just after it hits the ground is less than its speed just before it hits 
the ground.

   Suggest what happens to the kinetic energy that is lost.

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

 .....................................................................................................................................  [1]

[Total: 6]
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2 (a) Potassium manganate(VII), KMnO4, is a purple coloured solid.

  It dissolves in water and the purple colour slowly spreads out, as shown in Fig. 2.1.

beaker

water

purple colour

purple solid of
potassium manganate(VII) 

Fig. 2.1

  (i) State the name of the process by which particles spread out.

 .....................................................................................................................................  [1]

  (ii) Explain why the process of particles spreading out occurs more slowly in liquids than in 
gases.

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

 .....................................................................................................................................  [1]

 (b) Determine the relative molecular mass of KMnO4.

  [Ar: O, 16; K, 39; Mn, 55]

 molecular mass =  .........................................................  [1]

[Total: 3]
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3 A beaker containing a crushed solid substance is heated at a steady rate. 

 Fig. 3.1 shows how the temperature changes as the substance is heated.

temperature

time

X Y

Fig. 3.1

 (a) The temperature of the substance remains constant between X and Y. 

  Suggest a reason.

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

 .............................................................................................................................................  [1]

 (b) The substance is heated for a further period of time. It evaporates and then starts to boil.

  State one similarity and two differences between evaporation and boiling.

similarity  ....................................................................................................................................

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

difference 1  ...............................................................................................................................

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

difference 2  ...............................................................................................................................

 ...................................................................................................................................................
 [3]

 (c) The thermometer in this experiment has a large range but a low sensitivity.

  Explain what is meant by each of the terms:

  (i) range  ................................................................................................................................

 .....................................................................................................................................  [1]

  (ii) sensitivity  ...........................................................................................................................

 .....................................................................................................................................  [1]

[Total: 6]
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4 Food colours are coloured compounds added to food or drinks to improve their appearance. 

 A student uses chromatography to find out the types of food colours that are in a soft drink. 

 (a) Fig. 4.1 shows the chromatogram of the student’s results.

 

solvent front

start line

(not to scale)

redyellowbluegreensoft drink

Fig. 4.1

  Circle all the food colours that are in the soft drink.

             green    blue    yellow    red [1]
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 (b) The chromatogram for the soft drink is shown in Fig. 4.2.
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Fig. 4.2

  The student labels the spots and measures the distance from the start line to the centre of 
each spot.

  Table 4.1 shows these results.

Table 4.1

distance from start line / cm

spot 1 spot 2 spot 3 solvent 
front

top edge
of paper

3.5 6.4 8.3 12.0 15.0

  Calculate the Rf value for spot 2 using the information in Table 4.1. 

  Show your working.

 Rf =  .........................................................  [2]

 (c) Explain why crystallisation is not a suitable method for separating the different coloured 
compounds in the soft drink.

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

 .............................................................................................................................................  [1]

[Total: 4]
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5 Table 5.1 shows information about some compounds.

Table 5.1

compound molecular formula structure
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 (a) (i) Nonene, C9H18, is in the same family of compounds as the compounds in Table 5.1.

   State two ways in which C9H18 will be similar to the other compounds in Table 5.1.

1  ........................................................................................................................................

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

2  ........................................................................................................................................

 ........................................................................................................................................... 
[2]

  (ii) State the family of compounds to which the compounds in Table 5.1 belong.

 .....................................................................................................................................  [1]

  (iii) Explain how the information in Table 5.1 shows that these compounds are unsaturated.

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

 .....................................................................................................................................  [1]
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 (b) Ethene reacts with bromine.

  (i) Draw the structure of the product of the reaction of ethene with bromine in the box.

     

H

H

C

H

H

C +   Br2

  [2]

  (ii) State the name of this type of reaction.

 .....................................................................................................................................  [1]

[Total: 7]
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6 Fig. 6.1 shows wavefronts in a tank of water.

  

deep water

direction of travel of the wavefronts

shallow water

Fig. 6.1

 (a) Complete Fig. 6.1, to show three wavefronts as the wave travels through the shallow water. 
 [3]

 (b) The speed of the wave in the deep water is 24 cm / s. The distance between successive 
wavefronts is 5.0 cm. 

  Calculate the frequency of the wave.

  Show your working and give the unit.

 frequency =  ......................................  unit ........... [3]

 (c) The speed of the wave in the shallow water is 18 cm / s.

  By comparing the speeds of the wave in shallow and deep water, calculate the refractive 
index, n, at the boundary between the deep and shallow water.

 n =  .........................................................  [2]

[Total: 8]
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7 Fig. 7.1 shows a circuit diagram. The power supply has an e.m.f. of 9.0 V.

 

Y

+
9.0 V

–
R

Fig. 7.1

 The potential difference across the lamp is 0.50 V and the power is 0.45 W.

 (a) (i) Calculate the current through the lamp.

 current =  ......................................................  A [2]

  (ii) Calculate the charge passing through the lamp in 5 minutes.

 charge =  .....................................................  C [2]

  (iii) Identify the component labelled Y.

 .....................................................................................................................................  [1]

  (iv) Determine the potential difference across component Y.

 potential difference =  ...................................................... V [1]

 (b) When the temperature of the surroundings increases, the lamp shines more brightly.

   Explain why this happens.

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

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

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

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

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

 .............................................................................................................................................  [3]

[Total: 9]
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8 The equation for the extraction of lead, Pb, from its ore, PbS, takes place in two stages.

 (a) Stage one of the extraction of Pb uses oxygen.

  The equation for stage one is shown.

2 PbS(s) + 3 O2(g)  2 PbO(s) + 2 SO2(g)

  (i) Calculate the mass of PbO that is produced from 7.0 tonnes of PbS.

   1 tonne = 1000 kg

   [Ar: Pb, 207; S, 32; O, 16]

   Show your working in the box.

mass of PbO .......................................... tonnes 

 [3]

  (ii) Sulfur dioxide, SO2, is a pollutant gas, which is released into the atmosphere during the 
combustion of fossil fuels.

   State one adverse effect of sulfur dioxide gas on the environment.

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

 .....................................................................................................................................  [1]
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  (iii) Describe how emissions of sulfur dioxide from fossil fuels can be reduced.

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

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

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

 .....................................................................................................................................  [2]

 (b) Stage two of the extraction of Pb uses carbon.

  The equation for stage two is shown.

2 PbO(s)  + C(s)  2 Pb(l) + CO2(g)

  State which substance is reduced during this reaction.

 .............................................................................................................................................  [1]

 (c) Lead is sometimes alloyed with other metals.

  State why alloys are sometimes used instead of pure metals.

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

 .............................................................................................................................................  [1]

 (d) Iron is a metal that rusts.

  (i) Describe how sacrificial protection helps prevent rusting of iron.
 

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

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

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

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

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

 .....................................................................................................................................  [3]

  (ii) State one other method of rust prevention.

 .....................................................................................................................................  [1]

[Total: 12]
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9 (a) The isotope 14
6 C is formed in the upper atmosphere.

  (i) Explain what is meant by isotope.

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

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

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

 .....................................................................................................................................  [2]

  (ii) State the number of neutrons and protons in a nucleus of 14
6 C.

number of neutrons  ...........................................................................................................

number of protons  .............................................................................................................
[1]

 (b) 14
6 C decays by the emission of a β-particle.

   Complete the equation to show this decay.

 
14
6 C  .........

.........  N + .........

.........  β [2]

[Total: 5]
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10 (a) A student investigates the electrolysis of molten calcium chloride, CaCl 2.

  Fig. 10.1 shows the apparatus used by the student.

 

+ –

inert electrodes

molten
calcium chloride

Fig. 10.1

  (i) The student uses inert electrodes.

   Explain why the electrodes should be inert.

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

 .....................................................................................................................................  [1]

  (ii) Predict the products formed at each electrode during the electrolysis of molten 
calcium chloride, CaCl 2.

positive anode  ...................................................................................................................

negative cathode  ...............................................................................................................
[2]
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 (b) Calcium chloride, CaCl 2, is an ionic compound. 

  Draw the dot-and-cross diagram to represent the ionic bonding in calcium chloride.

  You only need to show the outer electrons.

[3]
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 (c) Calcium is in Group II of the Periodic Table.

  Fig. 10.2 shows the elements in Group II of the Periodic Table.

4

9
beryllium

Be

12

24
magnesium

Mg

20

40
calcium
Ca

38

88
strontium

Sr

56

137
barium
Ba

Fig. 10.2

  Calcium and barium both react quickly with cold water. Magnesium only reacts slowly with hot 
water.

  Predict the reaction of beryllium, Be, with cold water.

  Explain your answer. 

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

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

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

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

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

 .............................................................................................................................................  [3]

[Total: 9]
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11 Fig. 11.1 shows α-particles approaching an electric field.

    

+

–

α-particles

region of
electric field

Fig. 11.1

 (a) Explain what is meant by an electric field.

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

 .............................................................................................................................................  [1]

 (b) The electric field is uniform.

  (i) On Fig. 11.1, draw the path of an α-particle as it passes through the electric field. [1]

  (ii) An electron with a similar speed to the α-particle passes through the same field. 

   State two ways in which the path of the electron is different from the path of the α-particle.

1  ........................................................................................................................................

2  ........................................................................................................................................
[2]

 (c) (i)  State the name of one device that uses α-particles.

 .....................................................................................................................................  [1]

  (ii) Describe how α-particles are used in this device. 

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

 .....................................................................................................................................  [1]

[Total: 6]
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12 When calcium carbonate is heated strongly it produces calcium oxide and carbon dioxide. This 
reaction is endothermic.

 The word equation for this reaction is shown.

calcium carbonate  calcium oxide + carbon dioxide

 (a) State the name of this type of endothermic reaction.

 .............................................................................................................................................  [1]

 (b) Calcium oxide is a base.

  State what is meant by the term base, in terms of proton transfer.

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

 .............................................................................................................................................  [1]

 (c) On Fig. 12.1:

• draw the energy level diagram for this endothermic reaction
• label the reactants and label the products
• use an arrow to show the direction of energy change.

    progress of reaction

energy

Fig. 12.1
[3]

[Total: 5]
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