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21. Geologists use sound waves to help them to find out where oil is trapped under the ground.  
Pulses of sound waves from a generator are directed into the ground and are reflected from the 
layers of rock below.   Microphones on the surface then detect the reflected sound.  

22    
    
 

Sound
generator

Microphone 1
Microphone 2

Microphone 3

Ground

Rock

  
    
    
 The speed of the sound pulses through the ground is 1800 m/s.  
    
 a) Which microphone will detect the reflected sound first?  Explain your answer 2 
    
    
    
    
 b) Microphone 1 detects the reflected sound after 0.45 seconds. 

What distance did the sound pulse have to travel through the ground? 3 
    
     
     
     
     
    
 c) The sound pulses will also travel through the air directly to the microphones at a speed of 

340 m/s.   Microphone 3 detects both the sound that travelled through the air and the 
reflected sound 0.8 seconds after the sound pulse was generated.   What additional distance 
did the sound have to travel through the ground compared to through the air? 4 

    
     
     
     
     
     
     
    
    
    
     
    (9) 
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22. A crop scientist wishes to measure how effectively a new variety of wheat extracts minerals from 
fertiliser.   To do this she adds a small amount of radioactive mineral to the fertiliser.   She then 
measures the level of radioactivity from the wheat over a period of two weeks.  

27    
 Three different types of radioactive material were available for use by the scientist.  
   
 Radioactive Mineral Radiation Half-life 

A α 5 days 
B β ? 
C γ 6 days   

    
    
 a) The scientist chose material C.   Explain why this was the most suitable to choose from those 

that were available. 2 
    
    
    
    
 b) State two precautions the scientist should take when handling the radioactive material in the 

laboratory. 2 
    
    
    
    
 c) The initial activity of radioactive material C was 2400 kBq. 

What was the level of activity after 24 days? 2 
    
    
    
    
    
    
    
 d) Material B started with an activity of 6000 kBq. After one day, the activity is measured at 

750 kBq. What is the half-life of Material B? 4 
    
    
    
    
    
     
     
     
     
     
     
   (10) 
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23. Three types of radiation are α-particles, β-particles and γ-radiation.   Each type of radiation has a 
different range in air, different ionisation properties and uses.  

28    
 a) List the three types of radiation in order of their range in air from the radiation with the 

longest range to the radiation with the shortest range. 1 
    
    
    
    
    
 b) What is an α-particle? 1 
    
    
    
    
    
    
 c) Describe what is meant by ionisation. 2 
    
    
    
    
    
    
    
 d) Which types of radiation are not suitable for use as a tracer in the human body. 

Explain your answer. 2 
    
    
    
    
    
    
    
    
 e) Apart from being used as a tracer, describe one other use of radiation in medicine. 2 
    
    
    
    
    
    
    
    
    
    
   (8) 
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24. Radiation is used in hospitals for the treatment of cancer.  During the treatment care is taken to 
ensure that healthy tissue is not exposed to too much radiation.  Too much exposure could be 
harmful.  The risk of harm to tissue depends on the absorbed dose.  

29    
 a) What is meant by absorbed dose and in what unit is it measured? 2 
    
    
    
    
    
    
 b) State one other factor which affects the risk of harm from radiation. 1 
    
    
    
    
    
    
 c) A patient receives a dose equivalent of 500 µSv.  The radiation weighting factor of the 

radiation is 6.  What is the absorbed dose? 3 
    
     
     
     
     
     
     
     
    
 d) Hospital staff who work with radiation take precautions to ensure that they are not exposed 

to too much radiation.  
    
  (i) State two precautions that could be taken to limit the amount of exposure to radiation. 2 
     
     
     
     
     
     
  (ii) Staff wear film badges to monitor the level of radiation to which they have been 

exposed.   Explain how the badges allow this monitoring to be carried out. 2 
     
     
     
    
    
    
    
    
    
    
    
   (10) 
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25. a) The table below gives some information on the quantities and units associated with radiation.  
31   
 Quantity Unit 

Absorbed Dose  

 sievert (Sv) 
  

   
  Complete the table 2 
    
 b) A technician is working with two radioactive sources, A and B. 

Source A has a half-life of 2 hours and source B has a half-life of 2.5 hours.  
    
  (i) What is the meaning of the term half-life? 1 
     
     
    
    
    
  (ii) At a certain time each source has an activity of 800 kBq. 

What is the total activity of the two sources 10 hours later? 5 
     
     
     
     
     
     
     
     
     
    
  (iii) State two procedures the technician should use to reduce his exposure to the radiation 

from the sources while he is working with them. 2 
     
     
    
    
    
    
   (10) 
    
    
26. Materials X and Y are radioactive and their respective half-lives are 20 minutes and 30 minutes. At 

the start of an experiment the activity of material X is 8 000 Bq while the activity of Y is 2 000 Bq.  
U    
c5 How much time will elapse, from the start of the experiment, before the activities of materials X 

and Y are equal? What is the value of the activity at this time? 6 
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27. Four pupils were asked to find out as much as they could about the refraction of light and the use 
of lenses.  

U    
c2 a) Jane shone rays of light through different perspex shapes. 

Complete the diagrams below to show her results. 3 
    
    
  

 
    
    
    
 b) Robert shone a ray of light through a rectangular glass block. He sketched the path of the ray 

through the block and measured three angles. The diagram below shows the measurements 
he made.  

    
    
  

  
    
    
  i What is the line drawn at right angles to the surface of the glass block called? 1 
    
    
    
    
  ii What size is the angle of incidence? 1 
    
    
    
    
  iii What size is the angle of refraction? 1 
    
    
    
    
    
   (6) 
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28. Read the passage below and use it to answer the questions that follow.  
U    
c3 The sun is a star 150 x 106 km from Earth which produces enormous amounts of energy in the 

form of electromagnetic waves. We can detect the visible light from the sun with our eyes but we 
cannot detect the invisible ultraviolet light which also reaches Earth. Exposure to the ultraviolet 
light from the sun can produce a change in the colouring of the skin which we call a sun tan.  

    
 

  
    
 There are three types of ultraviolet radiation. We are constantly exposed to UVA and we need this 

for healthy growth and to make vitamin D in our bodies. UVA light has wavelengths in the range 
315 to 400 nm. UVB light has wavelengths in the range 280 to 315 nm. Most of the UVB light from 
the sun is removed by the layer of ozone in the atmosphere around the Earth. Scientists have 
found that there is a hole in the ozone layer which is allowing more UVB to reach us on the 
surface of the earth. UVB can cause a skin cancer called melanoma. The third type of UV light, 
with wavelengths in the range 200 to 280 nm, is called UVC.  

    
    
    
 a) Calculate how long it takes for ultraviolet light to travel from the sun to Earth. 3 
    
     
     
     
     
    
    
 b) Calculate the frequency of the shortest wavelength UVC light. 3 
    
     
     
     
     
     
    
 c) What type of UV light has a frequency of 7•5 x 1014 Hz? 4 
    
     
     
     
     
     
    
    
    
    
   (10) 



November 2013 Nat 5 Physics – W&R Prelim Revision  Page 15 of 20 

29. A medical physicist carries out a shielding experiment to find out what kind of radiation is being 
emitted by unknown sources X and Y. 
He sets up the following apparatus and record the results shown below.  

U    
c4 

  
    
 

  
    
 a) What kind of radiation is each source emitting? Explain your answer. 4 
    
    
    
    
 b) What effect would sources X and Y have on photographic film? 1 
    
    
    
 The physicist thinks source X would be best to use as a radioactive tracer but has to ensure it has 

a suitably short half-life.  
    
 c) Why is source X better than source Y as a radioactive tracer? 1 
    
    
    
 d) Why is it important to ensure the source has a short half-life? 1 
    
    
    
 She carries out an experiment to determine the half-life of source X and finds that the count rate 

falls from 3 200 Bq to 200 Bq in 3 hours.  
    
 e) Calculate the half-life of the source. 3 
    
    
    
    
    
 f) What would the activity of the source be after 6 hours? 2 
    
    
    
    
   (12) 
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30.  A schoolboy, who is studying waves in school, decides to put some theory into practice. He 
stands at the edge of a loch, near a harbour, and waits for a large car ferry to pass by on its 
way out of the loch. The boy has a stop clock and a metre stick for his investigation.  

U    
c2  

  
    
  As the car ferry passes by it creates large waves, which the boy draws as shown below. The 

waves take 20 seconds to create, and the first wave takes 10 seconds to reach the shore.  
    
    
  40 m  
    
  

  
    
 a) What is the amplitude of the waves? 1 
    
    
    
 b) What was the frequency of the waves produced by the car ferry? 3 
    
     
     
     
     
     
     
 c) What was the wavelength of the waves produced by the car ferry? 3 
    
     
     
     
    
    
 d) Calculate the speed of the waves. 3 
    
     
     
     
    
    
    
   (10) 

0.6 m 
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31.  A scientist is testing some sonar equipment in a valley.  
u    
c3  

  
    
  The equipment operates at 40 kHz, giving a wavelength in air of 0•83 cm, and consists of an 

ultrasound transmitter / receiver and a sensitive timing device. There are two horns on the 
transmitter which direct the ultrasound in two opposite directions, as shown above.  

    
  The scientist positions the equipment 60 m from the nearby valley wall and transmits a pulse 

of ultrasound. The time between transmission and detection of each pulse echo is then 
displayed on the timer.  

    
    
    
 a) Calculate the speed of sound in the valley. 3 
    
     
     
     
     
     
     
     
     
     
 b) What time elapsed, after transmission, before the first echo was detected? 4 
    
     
     
     
     
    
    
    
    
    
 c) The second echo was detected at a time of 0•6 seconds after transmission. 4 
  What was the distance between the scientist and the faraway valley wall?  
    
     
     
     
    
    
    
    
   (11) 
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32.  A high street bank decides to extend their premises and move into a second building near 
their main branch. In order to pass information from one building to the other they lay fibre 
optic cables to link them. The most cost effective way to do this is to lay the cables along 
existing pathways.  

u    
  The map below shows the different ways the cable could be laid.  
    
c4  

  
    
 a) Along which route should the cable be laid to ensure that data is passed as quickly as 

possible? Why?(Use the letters on the diagram) 2 
    
    
    
    
    
    
    
    
 b) If the speed of light along the cables is 2 x 108 m/s, calculate the time delay between sending 

and receiving the information along this route. 3 
    
     
     
     
     
    
    
    
    
 c) If the frequency of the light used is 5 x 1014 Hz, what is the period of the waves? 3 
    
     
     
     
    
    
    
    
    
    
    
   (8) 
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