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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 by the force

change in energy = work done

change in GPE = weight × vertical height difference

kinetic energy = 1
2

 × mass × [velocity]2

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 the questions.

1 Sam uses a digital radio microphone when she sings karaoke.

microphone radio waves

receiver

 (a) Radio waves are part of the electromagnetic spectrum.

  Write radio in the correct place in the spectrum.

microwaves visible X-ray

low frequency   high frequency

 [1] 

 (b) Put a ring  around the best choice to complete each sentence.

  Sam sings into her radio microphone.

  Sam’s microphone acts as a   decoder / receiver / transmitter   of radio waves.

  The sound of Sam’s singing is used to   modulate / oscillate / reflect   the radio waves.

  The radio waves travel away from the microphone.

  Their intensity   decreases / doesn’t change / increases   as they travel.
 [3]

 (c) Sam’s radio microphone transmits her sound digitally.

  Put a tick (✔) in the box next to the best reason for this.

   Digital signals need to use expensive circuits. 

   Analogue transmission stops other microphones working. 

   It is easier to remove noise from the signal at the receiver. 

   Radio waves travel faster when they are pulsed on and off. 
 [1]

 [Total: 5]
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2 TV cable networks use optical fibres made of glass to carry digital signals.

 (a) The diagram shows a beam of infrared light entering and leaving an optical fibre.

optical fibre

incoming beam

Y
X

Z

  Complete the sentences. Choose words from this list.

absorbed                 diffracted                 reflected                 refracted

  At the start of the optical fibre the incoming beam splits. 

  One part of the beam goes to X, the other part goes to Y.

  The part which goes to X is ……………………. .

  The part which goes to Y is ……………………. .
 [2]

 (b) At point Z, the beam is totally internally reflected. Why does this happen?

  Put a tick (✔) in the box next to the correct reason.

   Infrared light travels faster through glass than through air. 

   None of the energy of the infrared light is absorbed by the glass. 

   The angle of refraction of the emerging beam would be more than 90°. 

   The glass has been coated with black plastic to absorb the infrared light. 

 [1]
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 (c) Four friends discuss why infrared is used to carry TV signals through optical fibres.

Alan
It has the highest

frequency of
any wave.

Bess
It travels a long way

before becoming
too weak to detect.

Carlos
It can’t be detected
by human beings.

Davina
It heats up the fibre

as it passes
through.

  Who has the correct reason why infrared light is used to carry TV information through 
optical fibres?

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

 [Total: 4]
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3 Microwave ovens are used to heat food.

 (a) When the oven is switched on it produces microwave photons.

  These photons all have the same frequency.

  Suppose that the frequency of the photons is increased.

  What effect does this increase have on the energy and speed of the photons?

effect on energy  ........................................................................................................................

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

effect on speed  .........................................................................................................................

 .............................................................................................................................................. [2] 
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 (b) The microwaves enter the oven through a small hole.

  The diagram shows waves approaching the hole.

  They diffract as they pass through the hole.

  On the diagram, draw the waves after they have passed through the hole.

oven wall

microwave

 [1]

 (c) Jo puts some food on a plastic plate in her microwave oven for two minutes.

  Why does the food get hot but the plate stay cold?

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

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

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

 [Total: 5]
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4 Hannah is walking on a woodland path when she stumbles into some stinging nettles.

 She jumps away from them when they sting her.

  (a) Complete the sentences. Choose words from this list.

learned        motor        muscles        nerves        reflex        sensory

  This type of response is a ………………………… response.

  The pain signal is carried by ………………………… neurons.

  The effectors are ………………………… .

  The signal to the effectors is carried by ………………………… neurons.

  [3]
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 (b) Hannah’s first response is to jump back.

  She then realises that she has dropped her phone in the nettles.

  Hannah reaches into the nettles to pick up the phone.

  She knows the nettles will sting her.

  Her brain makes it possible for her to adapt her behaviour in this way.

  What is it about her brain that makes it possible to do this?

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

    Her brain has many neurons. 

    Her brain has many possible pathways between the neurons. 

    Her brain is connected to her muscles. 

    Her brain has a fixed number of neuron pathways. 

    Her brain is in her central nervous system. 
   [1]

   [Total: 4]
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5 Brian walks out of the cinema into bright sunshine.

 He is dazzled by the bright light until his eyes adjust.

 His pupils get smaller. This is called the pupil reflex.

 (a) Draw lines to join each component to the correct part of the reflex arc.

 component part of the reflex arc

muscle cells
in the iris

processor

light sensitive cells 
in the retina

effector

central nervous 
system

receptor

 [2]

 (b) (i) Newborn babies have some reflexes which disappear after a time. These are called 
newborn reflexes.

   When a baby is born, the nurse checks these newborn reflexes.

   Give two newborn reflexes.

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

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

2  ........................................................................................................................................

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

  (ii) Newborn babies have other reflexes which do not disappear after a time.

   One example is the pupil reflex.

   Give another reflex which does not disappear as the body gets older.

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

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

 [Total: 5]
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6 Scientists study the brain to see how it works.

 One part of the brain is mainly concerned with memory and language.

 (a) Which part of the brain is mainly concerned with memory and language?

  Put a ring  around the correct answer.

cortex        motor neuron        optic nerve        spinal cord
   [1]

 (b) Put ticks (✔) in the two boxes next to methods that scientists use to investigate activity in this 
part of the brain.

    X-rays 

    IQ tests 

    ultrasound 

    MRI scans 

    electrical stimulation 

   [2]

   [Total: 3]
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7 This question is about how signals are transmitted around the nervous system.

 Put a ring  around the correct choice for each sentence.

 Nerve signals travel along a neuron as   electrical / magnetic / mechanical   impulses.

 Gaps between neurons are called   arcs / holes / synapses.

 Some neurons have a fatty sheath.

 This   speeds up / slows down / stops   the impulses.

 [2]

 [Total: 2]
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8 Geoff reacts carbonates with acids.

 (a) What would Geoff expect to notice?

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

   Bubbles appear in the liquid. 

   The liquid becomes sticky. 

   The liquid dries up. 
 [1]

 (b) One reaction that he tries is copper carbonate with hydrochloric acid.

  (i) Here is the equation for the reaction.

   Write the name of each chemical in its box.

   The first three have been done for you.

  CuCO3   
+

  2HCl     CuCl2   
+

  
H2O

  
+

  CO2

  

copper
carbonate

  

+

  

hydrochloric
acid

    

copper
chloride

  

+

    

+

  
 [1]
  (ii) Here are the instructions that Geoff uses to carry out the reaction.

   1. Pour the acid into a beaker.

   2. Add one spatula of carbonate and allow it to react.

   3. Add more carbonate and stir until all the acid has reacted.

stage 1 stages 2 and 3

   How can he tell when all the acid has reacted?

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

    The liquid warms up. 

    Solid is left in the beaker. 

    The solution changes colour. 

    All the carbonate has disappeared.  [1]
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  (iii) Geoff wants to make crystals of the salt from his solution.

   What method should he use?

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

    distil the solution 

    dilute the solution 

    evaporate some of the water 

    put the solution into a freezer 
 [1]

 [Total: 4]
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9 Geoff investigates how quickly copper carbonate reacts with hydrochloric acid.

 (a) Suggest two ways in which Geoff could make the reaction go faster.

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

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

2  ................................................................................................................................................

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

 (b) Geoff measures the volume of carbon dioxide given off every ten seconds.

time in seconds total volume of gas in cm3

0 0

10 29

20 55

30 66

40 72

50 74

  (i) Finish the graph of these results. The first three points have been done for you.

 

0
0

10

20

30

40

50

60

70

80

10 20 30 40 50 60

time in seconds

total
volume of gas

in cm3

 [2] 

  (ii) Why does the reaction gradually slow down?

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

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

 [Total: 4]
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10 The chemical industry makes millions of tonnes of sulfuric acid every year.

 The equation for one of the stages in the reaction is

2SO2  +  O2    2SO3

 (a) (i) How many atoms of sulfur are shown on the left side of the equation?

   Put a ring  around the correct answer.

    1               2               3               4               5 [1]

  (ii) Chemical engineers need to know the total number of reactant molecules in the 
equation.

   Give the number of reactant molecules shown in the equation.

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

 (b) The chemical engineers need to control the rate of the reaction.

  (i) What does ‘rate of reaction’ tell you?

   Put a tick (✔) in the box next to the correct answer.

     how fast the reaction goes  

     how much reacts 

     how much energy the reaction needs 

     how much product forms 
 [1]

 
  (ii) The reaction uses a catalyst.

   Which of these statements about catalysts are true?

   Put ticks (✔) in the boxes next to the two correct statements.

     Catalysts decrease the yield. 

     Catalysts are biodegradable. 

     Catalysts speed up a reaction. 

     Catalysts are not used up in a reaction. 

 [1]
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  (iii) There are problems at the factory when the chemical engineers get the wrong speed for 
the reaction.

   Draw a straight line from each problem to its cause.

 problem cause

 

not enough sulfuric acid 
is made

  
reaction too fast

 

safety valves release chemicals
into the air

  
reaction too slow

 

tanks not big enough to hold all 
the products

 [2]

 [Total: 6]

END OF QUESTION PAPER
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