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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. Pencil may be used for graphs and 
diagrams only.

• 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).

• Answer ALL the questions.

INFORMATION FOR CANDIDATES

• 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 42.

• A list of physics equations is printed on pages 4–5.

• The Periodic Table is provided.
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TWENTY FIRST CENTURY SCIENCE EQUATIONS

USEFUL RELATIONSHIPS

EXPLAINING MOTION

speed  =  
distance travelled

time taken

momentum  =  mass  ×  velocity

change of
momentum

   =   resultant
force

  ×   
time for  
which it 

acts

work done
by a force

   =   force   ×   
distance moved 
in the direction 

of the force

change in energy  =  work done

change in GPE  =  weight  ×  vertical height difference

kinetic energy = 1
2  ×  mass  ×  [velocity]2
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ELECTRIC CIRCUITS

resistance  =  
voltage
current

voltage across 
primary coil

voltage across 
secondary coil

 = 

number of turns in 
primary coil

number of turns in 
secondary coil

energy transferred  =  power  ×  time

power  =  potential difference  ×  current

efficiency  =    
energy usefully transferred

total energy supplied
   ×  100%

THE WAVE MODEL OF RADIATION

wave speed  =  frequency  ×  wavelength
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Answer ALL questions.

1 Julie uses a baby monitor so that she can hear when 
her baby cries in another room.

 The monitor has a radio transmitter, which she places 
in the baby’s room, and a receiver which she keeps 
with her.

 (a) The transmitter uses digital transmission. 

  The digital code uses only two symbols.

  What are these symbols called?

  Put a ring  around the correct answer.

  LEFT AND RIGHT ONE AND ZERO

  PLUS AND MINUS UP AND DOWN [1]
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 (b) Complete the sentences for the baby monitor 
system by putting a ring  around the correct 
words in bold.

  The transmitter changes the radio waves in a 

  process which is called   

  DEMODULATION  /  DIFFRACTION  /  

  MODULATION  /  REFLECTION .

  As the waves travel away from the 

  transmitter, some 

  CHARGE  /  LIGHT  /  NOISE  /  SOUND  

  is picked up along the way.

  The receiver converts the pattern of radio 

  wave pulses into   

  INFRARED  /  INTERFERENCE  /  

  MICROWAVES  /  SOUND  .
 [3]

 [Total: 4]
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2 The diagram shows two paths for sound to get from a 
loudspeaker to a microphone.

loudspeaker

direct wave

board

microphone

reflected wave

 (a) The loudspeaker produces a steady sound.

  The microphone detects almost no sound. 

  Here are some possible explanations.

  Put a tick (✓) in the box next to the correct 
explanation.

The intensity of the reflected wave is zero.  

The board diffracts the wave so that it 
misses the microphone. 

The reflected wave arrives at the microphone
in step with the direct wave. 

The reflected wave arrives at the microphone 
out of step with the direct wave. 

[1]
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 (b) Some of the sound gets to the microphone by 
reflecting off a board.

  The diagram shows three wavefronts of the wave 
BEFORE it hits the board.

board

  Complete the diagram to show the three 
wavefronts AFTER they have all hit the board.  [1]
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 (c) The loudspeaker makes sound with a frequency of 
680 Hz.

  The sound waves move with a speed of 340 m/s.

  What is the wavelength of the sound?

  Put a ring  around the correct answer.

  0.5 m     2 m     1020 m     231 200 m [1]

 (d) Explain what is meant by the WAVELENGTH of a 
sound wave.

 __________________________________________

 __________________________________________

 ________________________________________ [2] 

 [Total: 5]
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3 Dentists use X-rays to image teeth.

 (a) X-rays and visible light are shown in this diagram 
of the electromagnetic spectrum.

visible 
light X-rays

increasing frequency

  Add INFRARED and ULTRAVIOLET to the 
spectrum.   [1] 

 (b) In certain conditions, all waves in the 
electromagnetic spectrum share one property.

  No other waves have that property.

  Describe the property shared by ALL waves in the 
electromagnetic spectrum. 

  Under what conditions is this true?

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (c) A dentist needs to image a tooth. 

  She places an X-ray source in front of the tooth 
and a photographic film behind it. 

X-ray source

tooth
photographic film

lightproof cover

  Here are some explanations for the formation of 
an image on the photographic film.

  Put a tick (✓) in the box next to the correct 
explanation.

  Whiter parts of the tooth reflect more X-rays 
away from the film. 

  Harder parts of the tooth interfere with the 
X-rays on their way to the film. 

  Denser parts of the tooth reduce the intensity 
of the X-rays arriving at the film. 

  X-rays are absorbed in any gaps in the tooth 
and do not reach the film. 

  Softer parts of the tooth diffract the X-rays 
towards the film. 

 [1] 
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 (d) What do X-ray photons carry from their source to 
the photographic film?

 ________________________________________ [1]

 [Total: 5]



14

4  Anil has to make up a new password to go on his 
school computer system.

 (a) He talks to some classmates about the problem of 
making it a password he can remember.

REUBEN
Your memory just

processes information.

NIALL
Your memory is divided in

to short-term memory
and long-term memory.

JESSICA
Memory just

retrieves information.

AMMAAR
If you can remember it for

five minutes you’ll
remember it next week.

BETH
Memory is both storage

and retrieval of
information.

  Which TWO classmates make correct statements 
about memory?

answer  ____________________________________

and  _____________________________________ [2]
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 (b) Anil knows that the part of his brain concerned 
with memory also has other functions.

  Suggest ONE other function of this part of the 
brain.

 ________________________________________ [1]

 (c) Scientists have used different methods to study 
this part of the brain.

  Give ONE of these methods.

 ________________________________________ [1]

 (d) Anil’s teacher gives him some hints on how to be 
able to remember the password in next week’s 
lesson.

  One hint is to use a pattern such as A1B2C3.

  Describe TWO other ways he can use to help 
remember the password.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [3]

 [Total: 7]
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5 Some dogs have been trained to produce saliva when 
they hear a bell.

 They do this even when they cannot see or smell the 
food.

 (a) Put a ring  around the correct words to complete 
the sentences.

  This type of reflex 

  is COMPLEX / CONDITIONED / SIMPLE .

  The sound of the bell is a

  PRIMARY  /  SECONDARY  /  TERTIARY

  stimulus .

  The final response 

  HAS A / HAS A LOT OF /  HAS NO /  

  direct connection to the stimulus .

  The dogs have brains with 

  HUNDREDS /  THOUSANDS / BILLIONS 

  of neurons that allow learning from experience.  
 [3]
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 (b) When they were puppies, these dogs learned to sit 
when told.

  Put ticks (✓) in the boxes next to the TWO 
statements which best explain the changes in 
their brains as they learn.

New neurons have grown. 

New links between their ears and legs 
have grown. 

New pathways linking neurons have 
developed. 

Repeating a stimulus makes pathways 
more likely to transmit impulses. 

Repeating a stimulus makes pathways 
wear out. 

[2]

 [Total: 5]
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6 This is a diagram of a synapse between a sensory 
neuron and a motor neuron.

direction of
impulse

sensory neuron

vesicle

synapse

motor
neuron

 An impulse is transmitted across the synapse.
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 The stages in this process are shown. They are in the 
wrong order.

  A Transmitter binds with receptors.

  B There is an electrical impulse in the motor 
neuron.

  C Transmitter diffuses.

  D There is an electrical impulse in the sensory 
neuron.

  E Transmitter is released.

 Fill in the boxes to show the correct order.

 [2]

 [Total: 2]
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7 Titanium oxide is a white solid which is used in paint.

 Impurities in natural titanium oxide spoil its white 
colour, so they are removed.

 To remove the impurities two chemical reactions are 
carried out.

 reaction 1 – the solid titanium oxide, TiO2, is converted 
into liquid titanium chloride, TiCl4.

 reaction 2 – the liquid titanium chloride, TiCl4, is later 
converted back into titanium oxide, TiO2.

 (a) Complete the balanced symbol equation for 
reaction 2 by adding in the state symbols.

TiCl4 (____)  +  O2 (____)    TiO2 (____)  +  2Cl2 (____)
 [1]
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 (b) The impurities do not take part in these reactions.

  This makes them easy to remove.

  Suggest

    • why this makes them easy to remove 
    • how you might remove them
    • at which stage they are removed.

 _________________________________________

 _________________________________________

 _________________________________________

 _______________________________________ [3]
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 (c) Titanium oxide is a catalyst for the breakdown of 
water molecules into hydrogen gas and oxygen 
gas.

  Yvonne writes this equation into her book.

water + titanium
oxide

➔ hydrogen + oxygen + titanium
oxide

  What is a catalyst?

  Your answer should include 

    • what it does 
    • why it is on both sides of this equation.

 __________________________________________

 __________________________________________

 ________________________________________ [1]
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 (d) Water will break down into hydrogen gas and 
oxygen gas without using a catalyst.

  Write a balanced symbol equation for this 
reaction.

➔ +

 [2]

 [Total: 7]
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8 Flour mills in the nineteenth century sometimes 
exploded.

 Flour mills grind wheat grains into flour, a fine 
powder. 

 Wheat grains will burn slowly in air. 

 Flour dust burns much more quickly than wheat 
grains.

 The rooms inside the flour mill had clouds of flour 
dust in the air.

 A single spark was enough to make the flour dust 
explode.

 The rate of reaction is much greater when a cloud of 
flour dust reacts with air.

 Explain why.

 Use ideas about particles in your answer.

 _____________________________________________

 _____________________________________________

 _____________________________________________

 ___________________________________________ [2]

 [Total: 2]
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9 David has limescale on the wall of his house.

 He knows that limescale is calcium carbonate, so he 
decides to remove it using hydrochloric acid.

 (a) Fill in the boxes to write the word equation for this 
reaction.

+ ➔ + +

 [1]
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 (b) He investigates the reaction between limescale 
and hydrochloric acid in the laboratory.

  He puts some acid into a beaker and adds  
powdered limescale a little at a time.

meter
beaker

probe

acid

limescale

  He measures the pH of the acid as the limescale 
reacts.

13
12
11
10

9
8
7
6
5
4
3
2
1

amount of limescale added

X
pH
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  (i) David wants to know how much acid is in the 
beaker at different stages in the reaction.

   He looks at the pH.

   Why is this not a good way to tell how much 
acid is in the beaker?

   Put a tick (✓) in the box next to the best 
answer.

pH does not increase at the same rate as
the acid is used up. 

pH is nothing to do with the amount of 
acid left. 

pH is a measure of the hydrogen ion 
concentration. 

The more acid there is, the lower the pH. 
[1]

  (ii) What can he say about point X on the graph?

   Put a tick (✓) in the box next to the best 
answer.

All the acid is used up. 

Almost no acid is used up. 

All the limescale is used up. 

Unreacted acid and unreacted limescale 
are both present. 

[1]
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 (c) David dilutes some concentrated hydrochloric 
acid to make his acid solution.

  He notices acidic fumes coming off the 
concentrated hydrochloric acid.

  Why is this?

  Put a tick (✓) in the box next to the best answer.

All concentrated acids give off fumes. 

Hydrochloric acid contains chlorine gas. 

All concentrated acids are dangerous. 

Hydrochloric acid is a solution of hydrogen 
chloride gas. 

[1]

 (d) David knows that if he uses nitric acid on 
limescale, he will make calcium nitrate.

  The formula for calcium nitrate is Ca(NO3)2.

  The symbol for the calcium ion is Ca2+.

  Put a ring  around the symbol for the nitrate ion.

  (NO3)2
2–   (NO3)2

–   NO3
–   NO3

2– [1]

 [Total: 5]

END OF QUESTION PAPER
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