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INSTRUCTIONS TO CANDIDATES

Write your name, centre number and candidate number 
in the boxes on the first page. Please write clearly and in 
capital letters.

Use black ink. HB pencil may be used for graphs and 
diagrams only.

Answer ALL the questions.

Read each question carefully. Make sure you know what 
you have to do before starting your answer.

Write your answer to each question in the space provided. 
Additional paper may be used if necessary but you must 
clearly show your candidate number, centre number and 
question number(s).

INFORMATION FOR CANDIDATES

The quality of written communication is assessed in 
questions marked with a pencil ( ).

A list of equations can be found on pages 4–5.

The number of marks is given in brackets [ ] at the end of 
each question or part question.

The total number of marks for this paper is 85.

Any blank pages are indicated.
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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
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KE = 
1
2mv2

momentum = mass × velocity

force = change in momentum
time

GPE = mgh

resistance = voltage
current

v = u + at

v2 = u2 + 2as

s = ut + 
1
2at2

m1u1 + m2u2 = (m1 + m2)v

refractive index = 
speed of light in vacuum
speed of light in medium

magnification = image size
object size

le = lb + lc

voltage across primary coil
voltage across secondary coil  

=

 

number of primary turns
number of secondary turns

power loss = (current)2 × resistance

VpIp = VsIs
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Answer ALL the questions.

SECTION A – Module B6

1 A scientist called Craig Venter has claimed to have 
made the first artificial life form.

 The diagram shows six main stages in his method.

He read the genetic code of a bacterium.1.

He made an artificial copy of this 
DNA but with a few changes.

2.

The artificial DNA was cut into pieces.3.

He put the pieces of artificial DNA into yeast 
cells which joined the pieces together.

4.

He then put the joined piece of DNA into 
another bacterium which divided into two.

5.

He added a chemical to kill any bacteria 
that did not have the artificial DNA.

6.
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 (a) The table shows some statements about Venter’s 
method.

  Write in the table the number of the stage that 
each statement refers to.

Number of stage

This stage involves ligase 
enzymes.

This stage involves 
restriction enzymes.

Binary fission occurs in 
this stage.

[3]

 (b) After Venter made his claim, he published his work 
in a scientific journal.

  Why is it important for scientists to publish their 
work?

 __________________________________________

 ________________________________________ [1]
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2 Gary is shopping.

 Look at two items from his shopping basket.

 (a) The two enzymes in the washing powder help the 
powder to remove stains from clothes.

  Explain how they do this.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [3]
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 (b) The DIY Cheese Kit contains an enzyme called 
chymosin.

  Chymosin used to be extracted from the stomach 
lining of young cows.

  Chymosin can now be made by removing the gene 
for chymosin from cows and inserting this gene 
into bacteria. 

  (i) The gene makes identical chymosin if it is in a 
cow or if it is in a bacterium.

   Explain why.

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [2]

  (ii) Some people do not want to eat cheese made 
with chymosin from cows’ stomachs.

   Other people are concerned about the new 
method of making chymosin.

   Suggest why these two groups of people have 
these different views about chymosin.

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [2]
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3 In Vietnam there are many small farms.

 The farmers keep cows, goats and rabbits.

 These animals produce a lot of manure.

 The farmers can use manure in three different ways.

 (a) (i) The first method is to use manure to make 
biogas in a digester.

    Biogas is produced in anaerobic conditions.

   Rabbit and goat manure float on the top of the 
liquid in the digester.

   Suggest and explain the effect this may have 
on the quantity of biogas made.

 _______________________________________

 _______________________________________

 _____________________________________ [2]

  (ii) Put a tick (✓) next to the combination of gases 
that would make up a safe, usable biogas 
mixture.

70% methane / 25% carbon dioxide / 5% hydrogen

70% carbon dioxide / 25% methane / 5% hydrogen

70% hydrogen / 25% carbon dioxide / 5% methane

[1]
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 (b) The second method is to put the manure into 
ponds.

  A plant called duckweed grows in the ponds.

  Farmers can feed this plant to their animals.

  The nitrogen content of the water affects the 
growth of duckweed.

  Look at the graph and the table.

  

growth of
duckweed

nitrogen content
of the water

Animal Percentage of nitrogen in manure

cow 0.6

goat 1.1

rabbit 2.0
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  The farmers do NOT put the manure from cows 
into the ponds.

  Use the table and graph to explain why.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (c) The third method is to dig manure into fields 
where crops will be grown.

  It can be dug straight into the soil (untreated) or 
treated first with earthworms.

  The graph shows the effect of untreated manure 
and treated manure on crop growth.

  

goat rabbit cow

8

7

6

5

4

3

2

1

0

mass of crop
in kg per m2

untreated manure
Key

treated manure

type of animal manure
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  The crop growth is different when the manure has 
been first treated with earthworms.

  Suggest reasons for this difference.

 __________________________________________

 __________________________________________

 ________________________________________ [2]

 (d) The diagram shows which method the farmers use 
to dispose of manure from each type of animal.

  Write COW, GOAT or RABBIT in each of the boxes.

  Use information from each part of this question to 
decide on your answer. 

duckweed earthworm
treatment

biogas
digester

[1]
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4 The disease cholera is spread by contaminated water.

 In 2010 there was a series of events on the island of 
Haiti.

 Firstly, in October, there was an earthquake. 

 Sometime later, there was a tropical storm.

 After several weeks this was followed by riots that 
made it unsafe for people to travel about.

 The graph below shows the number of cases of 
cholera in Haiti.

months

number
of cases

of
cholera

Jan

4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500
0

Oct Nov Dec

An
earthquake
occurred

A tropical storm
causes severe

flooding
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 There is a health service on Haiti that tried to treat 
people who developed cholera. 

 Explain why the number of cholera cases on Haiti 
changed during the months shown on the graph.

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

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 ___________________________________________ [6]
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SECTION B – Module C6

5 The diagram shows part of the displayed formula of 
an oil.

H

H

H H O H H H H H H HH H

H HH H H H HOH OH H

C C C O C C C C C C C C HC C

 (a) The oil is unsaturated.

  How can you tell from the displayed formula?

 __________________________________________

 ________________________________________ [1]

 (b) Orange bromine water is shaken with some of this 
oil. 

  What colour change do you see? 

 ________________________________________ [1]
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 (c) Explain why this colour change happens.

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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6 Magnesium, Mg, reacts with zinc chloride solution, 
ZnCl2.

 Magnesium chloride and zinc are made.

 (a) Write a BALANCED SYMBOL equation for this 
reaction.

 ________________________________________ [1]

 (b) Look at the ionic equation for this reaction.

  Mg + Zn2+    Mg2+ + Zn

  Explain why this is a REDOX reaction. Use ideas 
about ELECTRONS in your answer.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [4]
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7 The reaction between hydrogen and oxygen is used in 
a fuel cell to make electricity.

 Look at the energy diagram for the reaction between 
HYDROGEN and OXYGEN.

  

A
C

D

B

progress of reaction

energy

 (a) Which letter on the diagram corresponds to the 
energy RELEASED in the reaction?

 ________________________________________ [1]

 (b) In a fuel cell hydrogen, H2, reacts with oxygen, O2.
  Water, H2O, is made.

  Write down the BALANCED SYMBOL equation for 
this reaction.

 ________________________________________ [1]
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 (c) The waste product of the reaction in the fuel cell is 
water.

  The water is NOT a pollutant.

  Explain ONE reason why the use of 
hydrogen-oxygen fuel cells may still produce 
pollution.

 __________________________________________

 __________________________________________

 ________________________________________ [1]

 (d) The car industry is developing engines powered 
by fuel cells instead of petrol.

  Write down TWO reasons why.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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8 The table shows the level of ozone in part of the 
atmosphere from 1985 to 2015.

Year 1985 1990 1995 2000 2005 2010 2015

Relative 
ozone 
level

124 111 103 94 89 96 110

 (a) Finish the graph opposite by plotting the points 
for 2005 to 2015 and draw a curve of BEST FIT. [2]
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 (b) CFCs reduce the amount of ozone in the 
atmosphere. 

  CFCs stay in the atmosphere for a long time.

  In 1987 it was agreed to ban the use of CFCs. 

  Louise is a scientist. She looks at the data.

  Louise says ‘I think that by 2020 the level of ozone 
in the atmosphere will be back to the 1985 level. 
This is because CFCs were banned.’

  Evaluate this claim by explaining the change from 
1985 to 2005 and the change from 2005 to 2025.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [3]
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9 The picture below shows a packet of washing powder.

  

ACTIVE INGREDIENTS

detergent

water softener

bleaches

optical brighteners

enzymes

WASHING POWDER
SUPERWHITE

 Julie has a grease mark on her shirt. 

 The label on her shirt says “wash at a low 
temperature”.
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 Suggest reasons why the shirt should be washed 
at low temperature and explain how the detergent 
removes the grease stain.

 You may wish to draw diagrams.

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

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 ___________________________________________ [6]
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SECTION C – Module P6

10 Sylvia builds circuits using some resistors. 

 (a) She arranges the resistors in series.  

  

2 4 5

 
  She calculates the total resistance of the resistors 

in series to be 11 Ω.

  Sylvia arranges the resistors in parallel. 

  

2

4

5

 
  (i) How does this parallel arrangement affect the 

TOTAL resistance compared with the series 
arrangement?

 _______________________________________

 _____________________________________ [1] 
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  (ii) Calculate the TOTAL resistance of this parallel 
arrangement. 

 _______________________________________

 _______________________________________

 _______________________________________

   answer __________________ Ω  [2]

 (b) Sylvia uses logic gates in her circuits. 

  She has two gates: OR and an AND gate.

  Complete the truth tables for the two gates.

A
B

P

OR gate

A
B

P

AND gate

Input A Input B Output P
0 0
0 1
1 0
1 1

Input A Input B Output P
0 0 0
0 0
1 0 0

1

[2]
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 (c) Sylvia also has a NOT gate. 

   
A P

  She can use the NOT gate with another gate to 
produce a NAND gate.

  (i) Draw a diagram to show how Sylvia connects 
the gates to produce a NAND gate.

 [1]

  (ii) Complete the truth table for a NAND gate. 

Input A Input B Output P
0
0
1

[1]
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11  Modern electronic components allow robots to be 
small enough to fly. 

 These robots can be used to help farmers make 
observations and do tasks. For example taking 
photographs or spraying crops. 

 Look at the diagram.

 

 Using these flying robots can have an impact on local 
people and the environment.

 Suggest arguments for and against the use of flying 
robots on farms.

 _____________________________________________

 _____________________________________________

 _____________________________________________

 _____________________________________________

 ___________________________________________ [2] 
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12 Sammy investigates the resistance of a wire. 

 He measures the voltage across the wire and the 
current in the wire.

 Sammy changes the voltage and takes a range of 
results. 

 Look at the results he collects on the graph on the 
loose sheet.

 (a) Sammy wants the range of resistance values to be 
less than 2.5 Ω for voltages between 4 V and 12 V.

  Use the graph to calculate values of resistance to 
find out if the wire has a suitable RANGE.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

Does the wire have a suitable range of resistance? 

 _______________________________________  [4]
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 (b) Current is a flow of charge carriers called 
electrons. 

  The electrons collide with ions in the wire.

  Explain the shape of Sammy’s graph, and use 
kinetic theory to explain why the resistance 
changes.

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

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [6]
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13 Look at the diagram of a generator. 
 

N

S

coil rotated

brush

lamp

wire

axle

slip ring

magnet

coil
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 (a) The coil is rotated. 

  Explain how the generator works and why slip 
rings are used. 

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [3]

 (b) The coil is rotated FASTER. 

  Describe and explain what happens to the output 
voltage. 

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [3]
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SECTION D 

14 This question is about organ donation.

 Some people donate their organs when they die.

 (a) There are two different organ donor systems.

  SYSTEM 1 –  people who want to donate their 
organs register their names on an 
organ donor list.

  SYSTEM 2 –  everyone is on the organ donor list 
unless they ‘opt out’.

  The bar chart opposite shows the percentage of 
the adult population in different countries that are 
on the organ donor list.

  The information is from 2003.

  Which countries use SYSTEM 1?

  Explain your answer.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (b) The number of organs that have been transplanted 
has changed.

  The table shows the number of transplants in the 
UK during 2008 and 2013.

Organ Number of 
transplants 
in 2008

Number of 
transplants 
in 2013

Percentage 
change in 
number of 
transplants

cornea 2489 3622 46

lung 115 187 63

liver 623 774 24

pancreas 58 38 34

kidney 1249 1749

heart 127 147 16

  (i) Calculate the PERCENTAGE CHANGE for 
kidney transplants between 2008 and 2013.

   Show your working.

 answer  ______________% [2]
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  (ii) Two conclusions are made from the data.

   Not all organ transplants are increasing.

   Lung transplants have the largest increase in 
actual numbers.

   Do you agree with these conclusions?

   Use the data to explain your answer.

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [3]
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 (c) Look at the graph opposite. 
  It shows how organ donation and the number of 

people needing a transplant have changed in the 
UK between 1999 and 2008.

  (i) The number of transplants is much greater 
than the number of donors.

   Suggest why.

 _______________________________________

 _____________________________________ [1]

  (ii) In 2015 Wales changed so that everyone is 
on the organ donor list unless they ‘opt out’ 
(system 2).

   Some people think that the whole of the UK 
should change to system 2.

 
   How does the data in parts (a) and (c) support 

the idea for changing?

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [2]
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