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final answer given is incorrect.
A Periodic Table is printed on page 20.
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Answer all questions.

1.	 Paul lives in an apartment in central London. His electricity bill is £80 a month. Paul wants to 
replace his old electric boiler with a new one. A local plumbing company has suggested using 
a new boiler, the Redstar boiler, which has two electrical heaters. Paul will be able to use 
either heater to provide hot water after the boiler is installed.

	 Information about the Redstar boiler

shiny 
foam insulation

hot water out

cold water in

150 litres of 
water in tank

electrical heater 2

electrical heater 1

Savings
	 Cost of boiler		  £2500.00
	 Typical savings 		  £15.00 per month

Technical information on the two heaters in the Redstar boiler

Information heater 1 heater 2
maximum volume of water that is heated by heater (litres) 150 50
time to heat this volume of water (hours) 3 0.5
total power supplied (kW) 2 4
power used to heat the water (kW) 1.6 3.6
efficiency (%) 80
cost to heat the water (p) 44

	 (a)	 Use the information given about the boiler to answer the following questions.

	 (i)	 Calculate the expected payback time for the boiler in years.	 [3]

payback time = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . years  
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	 (ii)	 Use the equation:

% efficiency = × 100
power usefully transferred

total power supplied

		  to calculate the efficiency of heater 2.	 [2]

% efficiency = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (iii)	 Use the equations:

		  units used (kWh) = power (kW) × time (h)

		  total cost = cost of one unit × units used 

		  to calculate the cost of the electricity to heat 150 litres of water using heater 1.

		  Cost per unit of electricity = 22 p	 [3]

cost = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (iv)	 Paul has estimated that he uses 40 litres of hot water per day.
		  He thinks that heater 1 would be the best one to use every day.

		  Explain whether you agree with Paul.	 [2]
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	 (b)	 The water in London is known to be hard.

		  Explain how hard water could have affected Paul’s old boiler.	 [2]

	

	

	

	 (c)	 Heat energy can be transferred by conduction, convection and radiation.

	 (i)	 Explain how the shiny foam insulation used around the boiler helps to reduce heat 
loss.	 [2]

	

	

	

	

	 (ii)	 Explain how having the foam insulation layer around the boiler benefits the 
environment.	 [2]

	

	

	

	

	 (iii)	 Paul thinks that heater 2 will not heat all the water in the boiler.

		  Use the diagram of the boiler to explain whether you agree.	 [3] 
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2.	 A student, Lisa, is studying how substances are transported into and out of cells.

	 (a)	 Oxygen enters the cell by diffusion. Define the process of diffusion.	 [1]

	

	

	 (b)	 In her schoolbook, Lisa has diagrams of a model to show diffusion of dye into a cell. The 
dye takes 30 minutes to reach equilibrium.

molecules of dye

cell membrane

0 minutes

		  Lisa thinks the diagram that would show the correct arrangement of dye molecules she 
would expect to see after 30 minutes is diagram A.

A

C

B

D

		  Explain whether you agree with Lisa.	 [3]
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	 (c)	 Oxygen and carbon dioxide diffuse into and out of blood surrounding the alveoli.

CO2 O2

AIR

red blood cells

alveolar wall

oxygen incarbon dioxide out

capillary

		  Use the diagram to explain how diffusion is always maintained.	 [3]

	

	

	

	

	

	

	 (d)	 Describe two differences between diffusion and active transport.	 [2]

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

	

		  2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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3.	 Welsh Water is responsible for supplying and maintaining safe water supplies in Wales. It 
monitors the composition of our drinking water.

	 The table below shows the composition of stream water supplying a reservoir in Wales. The 
samples were taken from three different streams.

Component
Concentration (units)

stream 1 stream 2 stream 3
sodium ions (Na+) 5.0 5.0 5.0
potassium ions (K +) 6.3 6.2 6.2
magnesium ions (Mg2+) 15.3 50.4 60.5
calcium ions (Ca2+) 50.4 50.1 101.1
chloride ions (Cl–) 30.1 30.0 30.2
hydrogen carbonate ions (HCO3

–) 10.1 50.1 40.0
dissolved sulfur dioxide 9.9 12.3 15.0
dissolved carbon dioxide 0.6 0.9 1.6

pH 5.7 5.5 5.4

	 Use the information in the table and your knowledge to answer the following questions.

	 (a)	 Explain how human activity has affected the acidity of the streams.	 [3]

	

	

	

	

	

	 (b)	 A technician thinks the water in stream 1 is the softest and in stream 3 is the hardest.

		  Explain whether you agree.	 [3]

	

	

	

	

	



(3445UA0-1) Turn over.

3
4

4
5

U
A

0
1

0
9

09

9
Examiner

only

© WJEC CBAC Ltd.

	 (c)	 Seawater can be desalinated using the apparatus below.

mixture 
(salt and water)

	 (i)	 Describe how pure water is extracted using the apparatus above.	 [4] 

	

	

	

	

	

	

	 (ii)	 Desalination can be used to increase the water supply for the public in parts of the 
world where water is scarce.

		  Describe the factors a government must consider when investing in  
industrial-sized desalination plants.	 [3]

	

	

	

	

	
13
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4.	 Jonathon is investigating how the resistance of a thermistor varies with temperature.

	 (a)	 Complete the circuit diagram used to measure the resistance of a thermistor.	 [3]

12 V

	 (b)	 Jonathon’s results are shown in the table below.

Temperature 
(°C)

Current 
(mA)

Voltage
(V)

Resistance
(kΩ)

20 1.01 12.0 11.9
40 2.21 12.0 5.4
60 4.78 12.0 2.5
80 8.51 12.0 1.4
100 19.95 12.0 0.6
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	 (i)	 Plot the data on the grid and draw a suitable line.	 [3]

0
0

R
es

is
ta

nc
e 

(k
Ω

)

Temperature (°C)

	 (ii)	 Describe the relationship shown by the graph.	 [2]
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16

	 (iii)	 Use the graph and a suitable equation from the list below to answer each of the 
following questions.

resistance (Ω) =
voltage (V)
current (A)

power = voltage × current

power = current2 × resistance

	 I.	 Calculate the current through the thermistor at 30 °C.	 [4]

current = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .mA

	 II.	 Calculate the power developed in the thermistor at 30 °C. 	 [2]

power = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .W

	 (c)	 Thermistors are found in refrigerators to control the temperature.

		  Describe how the experiment needs to be modified to test if this thermistor would be 
suitable for a refrigerator.	 [2]
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5.	 Aluminium is extracted from its ore by electrolysis.

	 Use the diagram above to describe how aluminium is extracted from its ore.	 [6 QER]
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6.	 The table below shows the mean carbon footprint for 1 kWh of electricity generated in different 
ways.

Type of power station Carbon footprint
(gCO2eq / kWh)

coal 921
oil 750

gas 500
solar 100

biomass 52
nuclear 30

hydroelectric 27
wind 30

	 Use the information in the table and your knowledge to answer the following questions.

	 (a)	 (i)	 Define the term carbon footprint.	 [2]

	

	

	

	 (ii)	 A typical 500 MW coal-fired power station produces 3.5 billion kWh of electricity 
per year. 

		  Calculate the carbon footprint of this power station in gCO2eq / kWh per year.
		  Give your answer to 2 significant figures.

		  1 billion kWh = 1 × 109 kWh	 [4]

carbon footprint = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . gCO2eq / kWh
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	 (iii)	 The carbon footprint of a nuclear power station is close to zero whilst generating 
electricity.

		  Explain why the table shows a carbon footprint of 30 gCO2eq / kWh for power 
generated by nuclear power.	 [2]

	

	

	

	 (iv)	 A biomass power station burns wood chips as its energy source. 
		  State why a biomass generator is considered as being ‘carbon neutral’.	 [1]

	

	

	 (b)	 The Antarctic ice sheet traps methane. It is estimated that the mass of trapped methane 
is about 2.8 × 1017 kg which has a carbon dioxide equivalent of 7 × 1018 kgCO2eq. 

	 (i)	 Explain what is meant by the term global warming potential.	 [1]

	

	

	

	 (ii)	 Use the equation:

		  carbon dioxide equivalent = mass of a gas × global warming potential of the gas 

		  to calculate the global warming potential of methane.	 [2]

global warming potential = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

END OF PAPER
12
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