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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 B2

1  This question is about gases in the atmosphere.

 (a) Carbon dioxide is added to the atmosphere when fossil fuels are burnt.

  (i) Describe how else carbon dioxide is added to the atmosphere.

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

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

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

  (ii) What process removes carbon dioxide from the atmosphere?

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

 (b) Sulfur dioxide is also added to the atmosphere when fossil fuels are burnt.

  (i) What are the consequences of adding sulfur dioxide to the atmosphere?

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

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

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

  (ii) Air can be chemically tested to monitor sulfur dioxide levels.
   
   Write down one other way of monitoring sulfur dioxide levels in the air.

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

 [Total: 6]
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2 The diagram shows some of the energy transfers through a countryside ecosystem.

 The numbers show the energy at each stage in kJ/m2/year.

A B C

green plants plant-eating insects insect-eating birds birds of prey

42 500 4000 800 150

 (a) Calculate the efficiency for each energy transfer A, B and C.
 

  efficiency of A .................... %

  efficiency of B .................... %

  efficiency of C .................... %
 [2]

 (b) Which energy transfer is least efficient? ........................................

  Suggest why this energy transfer is least efficient.

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

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

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

 (c) There are only four stages to this chain.
 
  In terms of energy transfer, explain why there can not be any more stages.
  

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

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

  [Total: 5]
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3 Waimanu manneringi is the oldest known species of penguin.

 It lived around 62 million years ago in what is now New Zealand.

 Scientists have used its fossils to work out what they think it looked like.

 The Gentoo penguin is a species of penguin that is alive today.

Waimanu manneringi Gentoo penguin

 Scientists think that Gentoo penguins are better swimmers than Waimanu manneringi.

  One reason for this is that Gentoo penguins have a better body shape for moving through the 
water.

 (a) Scientists think that the Gentoo penguin species evolved from a species that looked very 
similar to Waimanu manneringi.

  Explain how the Gentoo penguin species could have evolved from this different species.
  
  The quality of written communication will be assessed in your answer to this question.
  

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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 (b) What genus does Waimanu manneringi belong to?

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

 (c) About 65 million years ago there was a mass extinction when 85% of the world’s species died 
out. This mass extinction included most of the world’s dinosaurs.

  After the extinction, many new species evolved relatively quickly, including the first penguins. 
Waimanu manneringi lived around 3 million years after this mass extinction.

  Suggest why there was rapid evolution of many new species at this time.

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

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

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

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

 (d) Scientists used to think that penguins were closely related to some other water birds such as 
grebes. 

  They thought this because of similarities between the two types of bird.

  However, new evidence now suggests that penguins and grebes are not closely related.

grebe

  (i) Explain why penguins and grebes have similarities although they are not closely related.

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

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

 ...................................................................................................................................... [2]
  
  (ii) Suggest what new evidence could be used to show that penguins and grebes are not 

closely related.

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

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

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

Turn over for the remainder of question 3
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 (e) Penguins use a counter-current system to keep their feet cooler than the rest of the body. 

  This reduces heat loss from their feet.

  Describe how the counter-current system works.

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

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

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

 [Total: 14]
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SECTION B – Module C2

4 Sarah is a farmer.

 Look at the table. 

 It shows information about some of the chemicals Sarah uses while farming.

Chemical Formula Colour State at room 
temperature

Solubility in 
water

Ammonia NH3 colourless gas soluble

Ammonium phosphate (NH4)3PO4 white solid soluble

Calcium carbonate CaCO3 white solid insoluble

Potassium sulfate K2SO4 white solid soluble

 (a) How many atoms are there in the formula for ammonium phosphate, (NH4)3PO4?

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

 (b) Sarah uses one of the solid chemicals to neutralise acid soils.

  Which one?

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

 (c) David is a scientist who works with fertilisers. Potassium sulfate is a fertiliser.

  It is important that potassium sulfate is soluble in water.

  Explain why.

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

 (d) David wants to make some potassium sulfate solution.

  He decides to neutralise an acid with potassium hydroxide.

  (i) Which acid should he use?

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

  (ii) Describe the experimental method he should use to make potassium sulfate solution.

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

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

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

 ...................................................................................................................................... [2]
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 (e) Some scientists want farmers all over the world to use more fertiliser.

  Other scientists want farmers all over the world to use less fertiliser.

  Evaluate the use of fertilisers in terms of which view will have the best outcome for the most 
people.

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

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

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

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

 [Total: 8]

Question 5 begins on page 12
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5 Stowmarket Synthetics want to make hydrogen from methane and water.

 Look at the balanced symbol equation for this reaction.

CH4  +  H2O    CO  +  3H2

 Phil is a research chemist who works for Stowmarket Synthetics.

 He investigates how the percentage yield (%) of this process changes with temperature and with 
pressure.

 He does his investigations with and without a catalyst.

 Look at the percentage yield (%) with a catalyst.

With a catalyst

Temperature 
in °C

Pressure in atmospheres

20 30 40

300 60% 42% 34%

500 67% 49% 42%

700 70% 64% 58%

 Look at the percentage yield (%) without a catalyst.

Without a 
catalyst

Temperature 
in °C

Pressure in atmospheres

20 30 40

300 60% 42% 34%

500 67% 49% 42%

700 70% 64% 58%

 
 (a) What conclusions can Phil make about the effect of:

  • using the catalyst

  • changing the temperature

  • changing the pressure

  on the percentage yield?

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

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

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

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

 .............................................................................................................................................. [3]
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 (b) Stowmarket Synthetics know that many factors affect the cost of making hydrogen.

  The high temperature and high pressure are two of these factors.

  Explain how two other factors can reduce the cost of making hydrogen.

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

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

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

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

 [Total: 5]

Question 6 begins on page 14
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6 The body of a railway carriage can be made from either aluminium or steel.

 Look at the table. It shows some of the properties of aluminium and steel.

Property Aluminium Steel

corrosion in moist conditions does not corrode slowly rusts

density
(1 = low, 10 = high)

3 8

magnetic attraction not attracted attracted

hardness
(1 = soft, 10 = hard)

5 8

strength
(1 = weak,10 = strong)

4 9

electrical conductivity
(1 = poor, 10 = good)

8 7

other properties
malleable and a good 

conductor of heat
malleable and a good 

conductor of heat
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 Evaluate the advantages and disadvantages of using aluminium and of using steel to make the 
bodies of railway carriages.

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

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

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

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

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

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

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

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

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

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

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

 [Total: 6]
 

Question 7 begins on page 16
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7 Sodium chloride is found in sea water. 

 It is an important raw material used in the chemical industry.

 Sodium chloride solution can be electrolysed to make sodium hydroxide, chlorine and hydrogen.

 (a) Look at the symbol equation for this reaction. It is not balanced.

NaCl  +  H2O    NaOH  +  H2  +  Cl 2

  Write down the balanced symbol equation for this reaction.

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

 (b) Look at the equations for the electrode reactions that happen during this electrolysis.

   cathode reaction 2H+  +  2e−    H2

   anode reaction 2Cl −  −  2e−    Cl 2

  The electrolysis of sodium chloride solution involves both oxidation and reduction.

  Explain which reaction shows oxidation and which reaction shows reduction.

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

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

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

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

 [Total: 3]
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8 The theory of plate tectonics explains many of the geological events that occur on the Earth’s 
surface.

 The theory was first proposed in 1914, by a scientist called Wegener.

 In 1914, not many scientists believed Wegener’s theory.

 (a) It took almost 50 years until scientists widely accepted the theory of plate tectonics.

  Explain why.

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

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

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

 (b) The theory of plate tectonics explains what happens when a continental plate and an oceanic 
plate collide.

  Describe what happens when these plates collide.

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

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

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

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

 [Total: 3]
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SECTION C – Module P2

9 Power stations generate electricity.
 

steam in steam out

turbine generator

National Grid

 A turbine drives a generator.

 (a) Describe how the generator produces electricity.

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

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

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

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

 (b) In a power station a large amount of energy is wasted.

  For every 1.0 × 106 J of energy supplied in coal only 2.8 × 105 J are changed to 

  electrical energy.  

  7.2 × 105 J of energy are wasted.

  Calculate the efficiency of the power station.

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

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

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

  answer ................................................ [2]
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 (c) A community group says that they can make the existing power station more efficient.

  They can use steam from the cooling towers to heat local homes.

cooling tower

  This will increase the efficiency of the power station.

  Explain how.

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

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

 [Total: 5]
 

Question 10 begins on page 20
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10 Hannah investigates photocells.

 (a) She finds that a panel of photocells 30 cm × 20 cm produces 20 watts of power.

  Hannah needs to produce 50 watts of power. 

  Calculate the panel area of photocells she must use.

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

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

  answer.............................................cm2 [2]

 (b) Hannah now investigates a small panel of photocells.
   
  Look at the diagram of the apparatus she uses.

lamp photocell panel
Adistance

  Hannah experiments to find out how the current produced by the panel changes as she 
  moves the lamp away.

  Look at the table of her results.

Distance of lamp from panel 
in cm

Current
in mA

 5     120.0

 10   30.0

 15   13.3

 20   7.5

 30   3.3

 40   2.2

 60   1.5

 80   1.4
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  Hannah makes a conclusion from her results.

  ‘When I double the distance from the lamp, the current from the panel is a quarter of the 
original value.’

  Is this a sensible conclusion for all her results?

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

  Use the data to explain your answer.

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

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

 .............................................................................................................................................. [3] 
 
 [Total: 5]
 

Question 11 begins on page 22
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11 This question is about dealing with radioactive materials safely. 

 (a) Radioactive waste is produced by some industries and hospitals.

  Half-life is the time it takes for the waste to become half as radioactive.

  Look at the information in the table.

Waste
containing...

Level of radiation Half-life Type of radiation 
given out

uranium very radioactive 700 000 000 years alpha

iodine very radioactive 8 days beta and gamma

a mix of sources 
from hospitals

slightly radioactive up to 20 years alpha, beta and 
gamma

  Suggest what should be done with each type of waste to make sure it is disposed of safely. 
Give reasons for your answer.

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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 (b) Radioactive materials can be used in many ways.

  Alpha radiation is used in smoke detectors.

  (i) Write down one use of beta radiation.

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

  (ii) Write down one use of gamma radiation.

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

 [Total: 8]

12 (a) Comets orbit our Sun.

  The speed of a comet increases as it gets closer to the Sun.

  Explain why.

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

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

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

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

 (b) Near Earth Objects (NEOs) are threats to the Earth.

  Suggest what can be done to reduce the threat to Earth from these objects.

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

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

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

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

 [Total: 4]
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13 (a) The Big Bang theory explains the start of the Universe. 

  Light observed from distant galaxies is shifted towards the red end of the spectrum.

  How do these observations support the Big Bang theory?

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

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

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

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

 (b) Look at the graph.

red shift

distance of galaxy from Earth

galaxy A

galaxy B

  The graph shows that galaxy B is further away from Earth than galaxy A.

  What conclusions can be made about galaxies A and B?

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

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

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

 [Total: 3]
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SECTION D

14 This question is about the greenhouse effect and global warming.

 Some scientists say that an increase in global warming is part of a natural cycle.

  Other scientists think that an increase in global warming will be terrible for the world. They think 
that the surface temperature of the Earth is increasing and that this is because more fossil fuels 
are being burned.

 Burning fossil fuels makes a lot of carbon dioxide.

 Look at the graphs.

  They show how the amount of carbon dioxide in the air and the temperature of the Earth have 
changed over the last 160 000 years.

300

280
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CO2
in parts
per
million

change in
temperature
of Earth’s
surface
in °C
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200

180
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160 140 120 100 80
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60 40 20 0
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020406080100120140160
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–10
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 (a) Is there a link between the surface temperature of the Earth and the level of carbon dioxide in 
the air?

  Explain your answer. Use information from the graphs.

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

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

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

Question 14(b) begins on page 28
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 (b) Look at the table. It shows the carbon dioxide emissions for some countries in 2003.

  It also shows the population for these countries in 2003.

Country Continent Carbon dioxide 
emissions

in million tonnes 
per year

Population
in millions

Carbon dioxide 
emissions 

per million of 
population 

in millions of 
tonnes

Botswana Africa  4 2 2.0

China Asia 3762 1254 3.0

France Europe 390 62 6.3

Germany Europe 854 82 10.4

Ghana Africa 7 23 0.3

India Asia 1050 1064 1.0

Indonesia Asia 318 215 1.5

Japan Asia 1201 128 9.4

Mozambique Africa 2 21 0.1

Russia Asia 1527 143 10.7

UK Europe 540 59 9.2

USA America 5729 291 19.7

World 24 983 6268 3.9

  (i) What percentage of the world emissions of carbon dioxide in 2003 was made by the 
USA?

   Give your answer correct to one decimal place.

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

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

   answer .................................... % [2]

  (ii)  Comment on any patterns you can see in the table between carbon dioxide emissions 
and population.

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

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

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

 ...................................................................................................................................... [3]
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 (c) Other gases can add to global warming.

  Look at the table.

  It shows how long each gas remains in the air (lifetime), its global warming potential and the 
current level of each gas in the air.

Gas Lifetime
in years

Global warming 
potential

Current level
in the air 

in parts per million

carbon dioxide   1   1   388.0

methane   12   72   1.7

nitrous oxide   114   289   0.3

  Evaluate the likely contribution of each gas to global warming.

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

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

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

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

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

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

 [Total: 10]

END OF QUESTION PAPER
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