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EQUATIONS

energy = mass × specific heat capacity × temperature change

energy = mass × specific latent heat

efficiency = useful energy output (× 100%)
total energy input

wave speed = frequency × wavelength

power = voltage × current

energy supplied = power × time

average speed = distance
time

distance = average speed × time

s = (u + v)
2

 × t

acceleration = change in speed
time taken

force = mass × acceleration

weight = mass × gravitational field strength

work done = force × distance

power = work done
time

power = force × speed

KE = 
1
2

mv2

momentum = mass × velocity

force = change in momentum
time

GPE = mgh

mgh = 
1
2

mv2

resistance = voltage
current
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Answer all the questions.

SECTION A – Module B3

1 (a) This question is about blood and circulation.

  Look at the diagram of a heart.

A

B

  (i) Write down the names of A and B.

   A .............................................

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

  (ii) The heart pumps blood out of the left and right ventricles.

   Explain why the left ventricle has a thicker muscle wall than the right ventricle.

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

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

 ...................................................................................................................................... [2]
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 (b) Look at the weightlifter.

  During a competition he must hold the weights above his head with straight arms.

  This requires his muscles to use both aerobic and anaerobic respiration.

  (i) Write down the balanced symbol equation for aerobic respiration.

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

  (ii) For a successful lift, the weightlifter only needs to hold the weights above his head for 
three seconds. Weightlifters find it difficult to hold the weights in this position for longer 
than three seconds.

   Explain why.

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

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

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

 (c) Weightlifting can damage muscle cells which need to be repaired.

  Muscle cells in weightlifters contain a large number of ribosomes.

  Explain why.

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

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

[Total: 9]
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2 (a) Pepsin and trypsin are enzymes in the digestive system that break down proteins.

  In the stomach, the pH is between 1 and 2.

  In the small intestine, the pH is between 7 and 8.

  Look at the graph.

  It shows the rate of reaction of these enzymes when the pH is changed.

  Pepsin works in the stomach. Trypsin works in the small intestine.

0 1 2 3 4 5
pH

rate of
reaction

6 7 8 9 10

pepsin

trypsin

  Pepsin stops working when it reaches the small intestine.

  Trypsin will not work in the stomach.

  Explain these two observations.

  Use data from the graph in your answer.

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

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

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

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

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



7

Turn over© OCR 2014

 (b) The rate of reaction for pepsin is also affected by temperature.

  Look at the graph.

0 10

40

35

30

25

20

15

10

5

0
20

temperature in °C 

rate of
reaction

in units of
product per

minute

30 40 50 60 70

  (i) Calculate the Q10 between 10 °C and 20 °C.

   Use the formula:

Q10 = rate at higher temperature
rate at lower temperature

   Q10 = ............................ [2]

  (ii) The rate of reaction between 10 °C and 20 °C increases.

   Explain what the Q10 value in part (i) tells you about this increase.

 ...................................................................................................................................... [1]
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  (iii) The table below shows Q10 data for different enzymes between 40 °C and 50 °C.

Enzyme Q10 value between 
40 °C and 50 °C

A 2.0

B 1.5

C 1.8

D 1.6

   Enzyme A is most likely to come from bacteria that live in hot springs.

   Use your knowledge of enzyme action to justify this statement.

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

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

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

[Total: 8]

3 The picture shows a crop of corn growing in a field.

 Farmers try to produce the largest yield of corn.

 The corn plants grow tall and need space between rows.

 Weeds grow in the spaces and insects quickly spread and damage the crop.

 Farmers usually spray their crops with chemicals to kill the weeds and insects.

 Scientists can genetically engineer corn plants to increase the yield.
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 (a) Describe and explain the different ways in which the corn could be improved and describe the 
steps needed to genetically engineer the corn.

   The quality of written communication will be assessed in your answer to this question.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]

 (b) The genetically engineered corn can be cloned to make more, identical corn plants.

  DNA replication is needed for cloning to happen.

  DNA unzips to form single strands.

  Then new double strands of DNA form.

  Explain how the double strands of DNA form from the single strands.

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

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

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

[Total: 8]
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SECTION B – Module C3

4 This question is about allotropes of carbon.

 (a) Diamond is one allotrope of carbon.

  Diamond is used in jewellery.

  Explain why.

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

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

 (b) Graphite is another allotrope of carbon.

  Graphite is used in pencil leads.

  Look at the structure of graphite.

  Explain, using ideas about structure and bonding, why graphite is used in pencil leads.

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

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

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

 .............................................................................................................................................. [2]
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 (c) Both diamond and graphite have giant molecular structures.

  Silicon dioxide also has a giant molecular structure.

  Look at the structure of silicon dioxide.

silicon atom

oxygen atom

  Explain, using ideas about structure and bonding, why silicon dioxide has a high melting 
point.

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

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

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

[Total: 5]
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5 Tim and Liz investigate the energy given out by different fuels.

 Look at the diagram. It shows the apparatus they use.

thermometer

100g water

liquid fuel
spirit burner

copper can

 Tim and Liz record their results in a table.

Fuel Start temperature
of water

in °C

Final temperature
of water

in °C

Temperature 
change

in °C

ethanol 20 35 15

propanol 22 ............................... ...............................

butanol 19 40 21

 (a) Look at the results for propanol.

  Tim and Liz calculate that propanol transfers 7560 J of energy to the water.

  Use the equation

energy = mass × specific heat capacity × temperature change

  to calculate the final temperature of water in the experiment with propanol.

  The specific heat capacity of water is 4.2 J / g °C.

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

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

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

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

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

 final temperature of water = ....................................................  °C [2]
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 (b) Look at the equation for the burning of ethanol.

H H

C C O
O

O
H 3 2+ 3+H

H H

O H

H

C  O 

O

  During the reaction, bonds are broken and new bonds are made.

  (i) Complete the sentence.

   Choose words from this list.

absorbed

destroyed

magnified

neutralised

released

When bonds are broken, energy is  .............................................................................. [1]

  (ii) Complete the sentence.

   Choose words from this list.

catalytic

continuous

endothermic

exothermic

limiting

Making new bonds is  .................................................................................................... [1]

[Total: 4]
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6 This question is about rates of reaction.

 Indigestion tablets neutralise acids.

 Chris investigates indigestion tablets.

 He adds an indigestion tablet to 50 cm3 of hydrochloric acid.

beaker

indigestion tablet
50 cm3 of hydrochloric acid

 (a) The indigestion tablet contains calcium carbonate, CaCO3.

  Calcium carbonate reacts with hydrochloric acid, HCl .

  Calcium chloride, CaCl 2, water and carbon dioxide are made.

  Write a balanced symbol equation for this reaction.

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

 (b) The indigestion tablet is the limiting reactant.

  What is meant by the limiting reactant?

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

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

 (c) Chris measures the time it takes for the indigestion tablet to react completely.

  He then calculates the relative rate of reaction.

  He does four experiments.

  Look at his results.

Experiment Volume of 
acid

in cm3

Relative 
concentration 

of acid

Temperature 
of acid
in °C

Relative rate 
of reaction

1  50 2.0 40 8

2 100 2.0 20 2

3  50 2.0 20 2

4  50 1.0 20 1
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  Chris uses his results to make a conclusion.

“Increasing the temperature (in °C) of
the acid has a greater effect on the
rate of reaction than increasing the 

concentration of the acid.”

  Is Chris correct? Use his results to justify your answer.

  Explain, using the reacting particle model, why increasing the temperature increases the 
rate of reaction.

   The quality of written communication will be assessed in your answer to this question.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]

[Total: 9]
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7 This question is about pharmaceutical drugs.

 (a) Aspirin is a painkiller used to treat headaches and reduce fevers.

  A pharmaceutical company makes aspirin using the following reaction.

C7H6O3 + C4H6O3  C9H8O4 + C2H4O2

 aspirin ethanoic
  acid

  The ethanoic acid is a waste product.

  Look at the table of relative formula masses.

substance relative formula mass, Mr

C7H6O3 138

C4H6O3 102

C9H8O4 180

C2H4O2  60

  Calculate the atom economy for the manufacture of aspirin.

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

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

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

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

 (b) The pharmaceutical company wants as high an atom economy as possible.

  Explain why this makes the process ‘greener’.

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

 .............................................................................................................................................. [1]
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 (c) The pharmaceutical company makes several batches of aspirin.

  They test the melting point of each batch to check that it is pure.

  The melting point of pure aspirin is 135 °C.

  Look at their results.

Batch Melting point
in °C

A 128

B 131–134

C 134

D 138

  Which batch contains the purest sample of aspirin?

Answer .............................................................

  Explain your answer.

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

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

 .............................................................................................................................................. [2]
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 (d) Aluminium sulfate, Al 2(SO4)3, is used to help relieve the pain caused by bites and stings.

  Look at the equation. It shows how aluminium sulfate can be made.

2Al (OH)3 + 3H2SO4  Al 2(SO4)3 + 6H2O

  (i) Show that the relative formula mass, Mr , of aluminium sulfate is 342.

   The relative atomic mass, Ar , of Al = 27, O = 16 and S = 32.

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

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

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

  (ii) Look at the table of relative formula masses, Mr .

Formula Mr

Al (OH)3  78

H2SO4  98

Al 2(SO4)3 342

H2O  18

   Use the information in the table, and the balanced symbol equation, to show that mass 
is conserved when aluminium sulfate is made.

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

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

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

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

[Total: 7]
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SECTION C – Module P3

8 Look at the diagrams A, B and C.

 They show the stopping distances for the same car.

A

B

thinking distance
12 m

thinking distance
12 m

thinking distance
20 m

braking distance
24 m

braking distance
32 m

braking distance
32 m

C

 (a) On different days the car travels along the same road at the same speed.

  The stopping distances for the journeys are shown in diagrams A, B and C.

  (i) Name two factors that may have caused the increase in the stopping distance shown 
between diagram A and diagram B.

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

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

  (ii) Name one factor that may have caused the increase in the stopping distance shown 
between diagram B and diagram C.

 ...................................................................................................................................... [1]
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 (b) The speed of the car doubles.

  How does this affect the thinking distance and the braking distance?

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

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

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

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

 (c) Drivers are encouraged to drive slowly down steep hills.

  Suggest why drivers are encouraged to drive slowly down steep hills.

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

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

[Total: 6]
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9 This question is about gravitational potential energy (GPE) and kinetic energy (KE).

 Look at the diagram and information about a small ball falling from a height of 20 m.

height = 20 m

KE = 0 J

KE = 50 J

KE = 80 J

GPE = 100 J

GPE = 50 J

GPE = 20 J

 Explain the changes in GPE and KE and describe what would happen to the GPE and KE if the 
mass of the ball was doubled.

 Use equations to help explain your answer.

  The quality of written communication will be assessed in your answer to this question.

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

[Total: 6]
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10 There are different types of speed cameras.

 One type of speed camera is called an average speed camera. The two cameras work together 
using infrared (IR) beams.

camera A camera B

not to scale

direction car is travelling
car

IR beam

 (a) Both cameras record the time when a car passes through the IR beam.

  Describe how average speed is calculated using camera A and camera B.

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

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

 (b) (i) The speed of a car at camera A is 12 m/s.

   The car decelerates at a constant rate.

   The time it takes for the car to travel between camera A and camera B is 2 minutes.

   The distance between the cameras is 1200 m.

   Calculate the speed of the car at camera B.

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

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

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

   Speed of car at camera B ..................... m/s
[3]

  (ii) A car with double the average speed travels along the road.

   Explain what happens to the time recorded by the speed cameras.

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

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

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

[Total: 6]
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11 Look at the picture of a solar powered car.

 (a) Solar powered cars may lead to an overall reduction in carbon dioxide emissions.

  Look at this statement:

Solar powered cars reduce pollution but they also produce pollution.

  Explain how solar powered cars can reduce and produce pollution.

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

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

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

 (b) Solar powered cars race across Australia.

  Explain how technology can be used to increase the top speed of these cars.

  In your answer consider the risks and benefits this has for the drivers.

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

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

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

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

[Total: 4]
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12 Deng is a weightlifter.

distance

 She lifts six different weights.

 The plots on the graph show the distance she lifts each weight.

2

1.5

1distance in m

0
0 250 500

weight in N

750 1000

0.5
B

E

D

A

C

F
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 The table shows the amount of time she takes to lift each of the six weights.

lift weight time in seconds

A 3.7

B 3.7

C 4.2

D 4.2

E 3.6

F 3.6

 Deng does work lifting each weight.

 The speed she lifts the weights shows how powerful the lift is.

 Which is Deng’s most powerful lift?

 Choose from

A      B      C      D      E      F

 Lift ....................

 Use the graph and the table to help explain your answer.

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

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

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

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

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

[Total: 3]

END OF QUESTION PAPER
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