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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

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

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

• The Periodic Table can be found on page 51.

• 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
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force = mass ×× acceleration

weight = mass ×× gravitational field strength

work done = force ×× distance

power = work done
time

power = force ×× speed

KE = 
1
2mv2

momentum = mass ×× velocity

force = change in momentum
time

GPE = mgh

mgh = 
1
2mv2

resistance = voltage
current
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Answer ALL the questions.

SECTION A – MODULE B4

1 Lily investigates animals in the school grounds.

 One of the animals is the ground beetle.

 Ground beetles are large insects.

 They are predators of other insects.

 Ground beetles are active at night. They move quickly 
across the ground to catch their prey.

 (a) Lily’s teacher tells her about three ways of 
catching insects: NETS, PITFALL TRAPS and 
POOTERS.

  Lily decides that pitfall traps are the best way of 
catching ground beetles.
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  (i) Write down ONE reason why pitfall traps are 
the best way of catching ground beetles.

   Use information from the question to help you 
answer.

 _______________________________________

 _____________________________________ [1]

  (ii) Describe how Lily should set up a pitfall trap 
to catch ground beetles.

   You may use a labelled diagram to help you 
answer.

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [2]
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 (b) Lily investigates ground beetles living in two 
different areas.

  One area is overgrown.

  The other area is a flower bed that is regularly 
looked after.

  Both areas are the same size.

OVERGROWN AREA

FLOWER BED

  Lily uses the capture-recapture method to 
estimate the population size of ground beetles in 
each area.
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  She catches ground beetles from each area, 
counts them, marks them, and then lets them go. 
This is the first sample.

  The next night, Lily catches ground beetles from 
each area again. This is the second sample.

  The table shows her results.

Overgrown 
area

Flower 
bed

Number of ground beetles 
caught in the first sample 16 8

Number of ground beetles 
caught in the second sample 10 7

Number of ground beetles in 
the second sample that were 
previously marked

 4 2

  (i) Use the formula below to calculate an estimate 
of the population size in EACH area.

population size = 

number in 1st sample × 
number in 2nd sample
number in 2nd sample 

previously marked

   population in overgrown area = ________

   population in flower bed = ________ [2]
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  (ii) Suggest TWO reasons for the difference in 
population size between the two areas.

1  ______________________________________

 _______________________________________

2  ______________________________________

 _______________________________________
[2]
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 (c) Earthworms also live in both areas.

  Earthworms are detritivores which feed on dead 
vegetation.

  Explain why detritivores help plant growth.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 9]
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2 Sanjay investigates the amount of oxygen made by 
pondweed.

 (a) He counts how many bubbles of oxygen are given 
off by pondweed at different distances from a 
lamp.

lamp

ruler
pondweed

oxygen bubbles

  The table shows his results.

Distance between lamp 
and pondweed

in cm

Number of bubbles given 
off by pondweed

in 1 minute

10 48
20 25
30 12
40  7
50  5
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  (i) Describe and explain these results.

 _______________________________________

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [3]

  (ii) Sanjay’s friend says that counting bubbles is 
NOT a very good method for measuring the 
amount of oxygen.

   Explain how Sanjay could change his method 
to get more accurate results.

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [2]
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 (b) Look at the diagram of a cell from the pondweed.

vacuole

  The cell contains a lot of water in its vacuole.

  (i) By what process does water enter a cell?

 _____________________________________ [1]

  (ii) Why do plant cells need water?

 _______________________________________

 _______________________________________

 _____________________________________ [2]

[TOTAL: 8]
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3 (a) Mary is a farmer. She grows lettuces in a 
glasshouse.

  Mary makes sure that her lettuces are watered and 
have plenty of light.

  Describe and explain OTHER things that Mary can 
do to help her lettuces grow as well as possible.

    The quality of written communication 
will be assessed in your answer to this 
question. [6]

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________
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 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 (b) Tom grows lettuces in a pot, in his garden.

  Apart from watering his lettuces, Tom does not do 
anything else to help them grow.

  Tom says, “My lettuces are more natural and taste 
better than Mary’s lettuces”.

  Discuss whether Tom’s views are SCIENTIFIC.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 8]
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SECTION B – MODULE C4

4 This question is about elements in the Periodic Table.

 Look at the list of elements.

aluminium

chlorine

helium

iodine

magnesium

nitrogen

oxygen

sodium

sulfur

zinc

 (a) Answer the questions.

  Choose ALL your answers from the list.

  Each element can be used ONCE, MORE THAN 
ONCE or NOT AT ALL.

  The Periodic Table on page 51 may help you.

  (i) Which element is used for sterilising cuts and 
wounds?

 _____________________________________ [1]
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  (ii) Write down the NAMES of two elements in the 
same GROUP of the Periodic Table.

 _______________  and  _________________ [1]

  (iii) Write down the NAME of the element with the 
ATOMIC NUMBER 12.

 _____________________________________ [1]

 (b) The electronic structure of sulfur is 2.8.6.

  Which PERIOD of the Periodic Table is sulfur in?

  Explain your answer.

 __________________________________________

 ________________________________________ [2]

 (c) Sodium reacts with iodine.

  Sodium iodide is made.

  Write the WORD equation for this reaction.

 ________________________________________ [1]
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 (d) Look at the table. It shows part of an early version 
of the Periodic Table of the Elements.

  The numbers are the relative atomic masses of the 
elements.

H
1

Li
7

Be
9

B
11

C
12

N
14

O
16

F
19

Na
23

Mg
24

Al
27

Si
28

P
31

S
32

Cl
35.5

K
39

  Three chemists helped with the development of 
the Periodic Table.

  One of the chemists was Mendeleev.

  He used the work of two other chemists.

  They were:

  Dobereiner, who noticed triads

  Newlands, who developed the law of octaves.
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  Write about the work of DOBEREINER and 
NEWLANDS which contributed to the development 
of the Periodic Table.

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

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [6]

 [TOTAL: 12]
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5 This question is about atomic structure.

 (a) Look at the diagram of an atom of oxygen.

  Complete the labels on the diagram.

xx
x

x
xx

xx
[2]
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 (b) An atom of chlorine can be represented as

35
17Cl

  Different ISOTOPES of chlorine exist.

  Nick thinks the following are three isotopes of 
chlorine.

  Only one is correct.

  Which one?

35
16Cl         37

17Cl         37
18Cl

 ________________________________________ [1]

[TOTAL: 3]
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6 Professor Hills investigates the reactions of the 
Group 1 metals, lithium, sodium and potassium, with 
water.

 Look at his observations.

Metal Observations

lithium fizzes, moves across surface

sodium fizzes rapidly, moves quickly 
across surface

potassium fizzes violently, moves very quickly 
across surface, lilac flame seen

 He concludes that the order of reactivity of the three 
metals is:

  • potassium (most reactive)
  • sodium
  • lithium (least reactive).

 (a) Write about how the evidence from Professor Hills’ 
observations supports his conclusion.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (b) Sodium, Na, reacts with water, H2O.

  Sodium hydroxide, NaOH, and hydrogen, H2, are 
made.

  Write a BALANCED SYMBOL equation for this 
reaction.

 ________________________________________ [2]

[TOTAL: 4]
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7 This question is about metals.

 Look at the table. It gives information about three 
metals.

Metal Melting 
point
in °C

Relative 
electrical 

conductivity
(1 = low,

70 = high)

Density
in g / cm3

Cost of one 
kg
in £

A  660 40  2.7   1.3
B 1083 64  8.9   4.7
C  962 67 10.5 602.8

 (a) Look at the picture.

overhead power cable

  Metal A is used for making overhead power 
cables.

  Metals B and C are much better conductors of 
electricity than metal A.
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  Explain why metal A is used to make overhead 
power cables, and not metals B or C.

  Use information from the table to help you.

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (b) Metal wires are used to support cable cars in ski 
resorts.

metal wire to
support the

cable car

  Metals used to support a cable car need other 
properties.

  Which properties, NOT GIVEN IN THE TABLE, are 
needed?

 __________________________________________

 ________________________________________ [2]
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 (c) Metals are usually extracted from metal ores found 
in the ground.

  Bornite is a metal ore.

  Bornite has the formula Cu5FeS4.

  Write down the NAMES of the ELEMENTS in 
bornite.

 ________________________________________ [2]

[TOTAL: 6]
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SECTION C – MODULE P4

8 This question is about electrostatic charge.

 (a) (i) Connor rubs a cloth with a brush.

rubbing

   Complete the sentence.

   After rubbing together, one of the objects has 

a _______________________ charge and the 

other object has a _______________________ 

charge. [1]
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  (ii) Connor moves the charged brush close to the 
surface of a dusty television screen.

   Describe what happens to the dust.

 _______________________________________

 _______________________________________

 _____________________________________ [2]
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 (b) Electrostatics can be dangerous or useful.

  (i) Connor is wearing trainers and walks over the 
carpet in his kitchen.

   He touches a metal tap and gets an 
electrostatic shock.

   Put ticks (✓) in the boxes next to the FOUR 
correct statements that help to explain why 
Connor received a shock.

    Connor’s trainers are conductors. 

    The carpet is made from an 
insulating material. 

    Charge conducts through the carpet. 

    Connor becomes charged walking 
over the carpet. 

    The carpet becomes charged by 
rubbing. 

    The water tap is an insulator. 

    The water tap is earthed. 
 [2]
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  (ii) Electrostatic shocks are useful for restarting 
the human heart.

   Write down one OTHER use for electrostatics.

 _____________________________________ [1]

[TOTAL: 6]
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9 Manisha is investigating this electrical circuit.

A

V

wire A

 (a) The current in wire A is 2 A and the voltage 
across it is 6 V.

  Calculate the resistance of the wire.

 __________________________________________

 __________________________________________

 __________________________________________

resistance = ________________ ohms [2]
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 (b) Manisha repeats the experiment with two different 
wires made from the same material.

  Look at her results for the three wires A, B and C.

Wire Voltage 
in volts

Current 
in amps

Length of 
wire in cm

Thickness
in mm

A 6 2.0 100
1

B 6 4.0  50
1

C 6 1.0  50
0.5

  Describe how the thickness and length of the 
wires affects the current and the resistance.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [3]
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 (c) Manisha replaces the wire with a lamp.

  She wants to compare the POWER of the lamp 
with the power of wire A.

  Look at her results.

Component 
in circuit

Voltage in 
volts

Current in 
amps

wire A 6 2
lamp 6 0.9

  Manisha calculates the power of wire A as 12 W.

  Manisha thinks that the power of the lamp is about 
half that of wire A.

  Is she correct?

  __________________

  Use calculations to explain your answer.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 7]
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10 Patrick’s doctor wants him to have a scan.

 The scan will be of an internal organ in his body and 
will be carried out by a radiographer.

 (a) A radioactive isotope will be injected into Patrick.

  It acts as a tracer so that the radiographer will be 
able to scan the internal organ.

  Look at the table containing information about 
three radioactive isotopes.

Isotope Half-life Nuclear radiation 
emitted

A 10 days alpha

B 12 years beta

C 6 hours gamma

  Use information about each isotope to suggest 
and explain which isotope is the best one to use 
for the scan.
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    The quality of written communication 
will be assessed in your answer to this 
question.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [6]
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 (b) Patrick is worried about the risk from the radiation.

  His friend Dermot says, “The radiation will cause 
cancer.”

  The radiographer Sheng Li tells him, “The dose 
level for your scan is less than half what you will 
receive each year from background radiation.”

  Patrick considered the statements from both 
people.

  How did this help him to decide to have the scan?

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (c) Ultrasound can also be used for scanning.

  Ultrasound waves can be shown by a wave 
diagram.

D

E

A

B

F
C

high pressure

low pressure

normal air pressure

  Look at the wave diagram.

  (i) Which letter represents a COMPRESSION?

   ______________ [1]

  (ii) Which letter represents the WAVELENGTH?

   ______________ [1]

[TOTAL: 10]
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11 Rosalind is studying nuclear reactions.

 (a) Nuclear FUSION releases large amounts of energy.

  What is ESSENTIAL for nuclear fusion?

  Choose from

   V a nuclear reactor

   W an electrostatic precipitator

   X a temperature of millions of degrees 
Celcius

   Y a radioactive element such as Uranium

answer __________________ [1]

 (b) Rosalind looks at some diagrams of nuclear 
reactions.

  In the diagrams, the circles represent different 
sized nuclei.
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+

+

+T

S

R

  Rosalind decides that diagram R represents 
nuclear FUSION.

  She is correct.

  Explain why.

 __________________________________________

 ________________________________________ [1]

[TOTAL: 2]
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SECTION D

12 Jenny and Bob are learning about the heart.

 (a) They have been learning about CARDIAC OUTPUT.

  This is the volume of blood that the heart pumps 
out every minute.

  Their teacher says that, on average, a person’s 
cardiac output is 6 litres per minute.

  (i) Calculate the average volume of blood the 
heart pumps out in ONE HOUR.

answer = _________________ litres [1]

  (ii) The teacher says that, on average, a person’s 
cardiac output is 6 litres per minute.

BOB
‘This means Jenny and I

must have the same 
cardiac output.’

   Bob’s statement is not true. Explain why.

 _______________________________________

 _______________________________________

 _____________________________________ [2]
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 (b) There are three main ways in which doctors can 
measure cardiac output.

  METHOD 1: A doctor injects a small amount of 
radioactive glucose solution into a blood vessel. 
She measures the radioactivity.

  METHOD 2: A doctor takes blood samples from an 
artery. She measures the oxygen content.

  METHOD 3: A doctor measures the blood flow 
using an ultrasound scan.

  Doctors usually prefer to use METHOD 3.

  Suggest ONE reason why this is.

 __________________________________________

 ________________________________________ [1]
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 (c) Jenny finds another way of measuring how well 
her heart works.

  To do this she needs to find out her surface area.

  (i) Jenny’s body mass is 67 kg and her height is 
135 cm.

   She uses these scales to work out her surface 
area.

165

160

155

150

145

140

135

130

125

120

height in
centimetres

1.80
1.75
1.70
1.65
1.60
1.55
1.50
1.45
1.40
1.35
1.30
1.25

surface area in
square metres

mass in
kilograms

45

50

55

60

65

70

75

80

   Draw a straight line from Jenny’s height on the 
left scale to her mass on the right scale.

   Where the line crosses the surface area scale, 
read off and record her surface area.

   Jenny’s surface area = __________ m2 [1]
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  (ii) Jenny’s new method is called the 
CARDIAC INDEX.

   This is calculated using the formula:

cardiac index = 
cardiac output

surface area of the body

   A cardiac index of 3.5 is normal.

   Up to 0.7 higher or lower than 3.5 is still 
healthy.

   Jenny’s cardiac OUTPUT is 6 litres per minute.

   Calculate Jenny’s cardiac index.

   What does Jenny’s cardiac index tell you about 
her heart?

   cardiac index = _________________

 _______________________________________

 _____________________________________ [2]

  (iii) Why is cardiac INDEX a better measurement to 
use than cardiac OUTPUT?

 _______________________________________

 _____________________________________ [1]
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 (d) Jenny looks at this graph. It shows information 
about heart rate and life expectancy of different 
mammals.

Mouse
Hamster

Rat

Monkey

CatDog

Tiger
Horse

Elephant

Whale

life expectancy

heart rate



49

  What does this graph tell you about the heart rate 
and life expectancy of larger mammals?

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 10]

END OF QUESTION PAPER
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