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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

Vp

Vs

 = 
Np

Ns

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.

This question is based on the article ‘Tufa towers at Mono Lake, California’.

1 (a) The tufa rock is made from calcium carbonate.

  The calcium carbonate forms when calcium ions in the hot springs react with carbonate ions 
in the lake water.

  (i) Complete the equation for the reaction by filling in the missing formula and state 
symbols.

    Ca2+(……) + CO3
2– (……)  …………… (……) [2]

  (ii) Tufa towers only form around the hot springs.

   They do not form at other places in the lake.

   Explain why.

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

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

 (b) Calcium carbonate is an ionic solid.

  The table shows some information about ions dissolved in lake water and ions in solid calcium 
carbonate.

  Complete the table.

ions dissolved in the lake water ions in solid calcium carbonate

movement of ions move freely around other ions and 
water molecules

arrangement of ions random arrangement

[2]

 (c) Joe visits the lake and carries out some experiments.

  He finds that the water is a good electrical conductor.

  Explain how water that contains dissolved ionic compounds conducts electricity.

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

 .............................................................................................................................................  [2]
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 (d) The salt crystals at the edge of the lake contain sodium chloride and magnesium chloride.

name formula

sodium chloride NaCl

magnesium chloride MgCl 2

  Chloride ions have a charge of –1.

  Explain why the formulae of these two salts contain different numbers of chloride ions.

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

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

 (e) The article gives a recipe for making fake lake water.

  (i) Give one way the fake lake water is similar to the real thing.

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

  (ii) Suggest two ways that the fake lake water is different from the real thing.

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

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

[Total: 12]
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This question is based on the article ‘Bendy lampposts save lives’.

2 (a) The article says that the momentum of the car can be reduced by about 30%.

  (i) What two measurements do scientists need to make to calculate momentum?

   How do you use the measurements to calculate momentum?

  One mark is for a clear, ordered answer.

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

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

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

 ................................................................................................................................. [3+1]

  (ii) Any collision involves two forces.

   One force changes the momentum of the car.

   What does the other force do?

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

 .....................................................................................................................................  [1]
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 (b) The graph shows how the force on the car changes with how long the collision lasts.

force on car

how long the collision lasts

  Explain how a bendy lamppost reduces injuries in a collision.

  Use the graph to help you.

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

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

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

 .............................................................................................................................................  [2]
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 (c) The speed of the car changes during and after a collision with a lamppost which breaks 
during the collision.

  The car travels at 30 mph.
  It then hits the lamppost.
  The lamppost reduces the momentum of the car by one third.
  After hitting the lamppost, the driver stops the car.

  Draw a line on the graph to show how the car’s speed changes with time.

10

0

20

30

collision car stops
time

speed in mph

[3]
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 (d) If the car hits the newest type of lamppost, it can slide up the lamppost during the crash.

  (i) When the car has slid up the lamppost, the gain in gravitational potential energy is 
22 500 Joules.

   Calculate what the speed of the car had been if all its kinetic energy was transferred to 
gravitational potential energy.

   Mass of car = 1500 kg

   You must show your working.

 speed =  .................................................  m / s [3]

  (ii) The speed you calculated is less than the actual speed.

   Explain why.

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

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

[Total: 14]
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This question is based on the article ‘Cot deaths linked to brain abnormality’.

3 (a) The pictures show scans through part of the brain called the cerebral cortex.

  Describe two functions of the cerebral cortex.

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

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

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

 (b) Kinney and Paterson thought that a lack of receptors for serotonin was responsible for SIDS.

  Look at the article about cot deaths and suggest two reasons why the evidence is not 
conclusive.

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

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

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

 (c) The diagram shows how serotonin is produced by neurons in the cerebral cortex of a normal 
baby’s brain.

synaptic vesicle

synapse

serotonin (neurotransmitter)

sensory neuron

receptor

  (i) Describe how the diagram might be different for a baby who later died of SIDS.

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

 .....................................................................................................................................  [1]
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  (ii) Use the diagram to explain how chemicals carry the impulse across the synapse.

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

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

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

 .....................................................................................................................................  [3]

 (d) Babies who died from SIDS had greater numbers of neurons which produce serotonin. 
Explain why the high levels of serotonin in the cerebral cortex did not stop the babies dying 
from SIDS.

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

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

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

 (e) The drug ecstasy blocks the removal of serotonin.

  (i) Suggest the effect of ecstasy on the gasping reflex in newborn babies.

   Explain your answer.

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

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

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

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

 .....................................................................................................................................  [3]

  (ii) Describe one other effect that ecstasy has on the brain.

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

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

[Total: 14]

END OF QUESTION PAPER

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 
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