
Working as a Physicist 
 
Q1. 
  
Which of the following is an equivalent unit to the newton? 

   A    kg m s−1 

   B    kg m s−2 

   C    kg m−1 s−2 

   D    kg m2 s−2 

 
   

(Total for question = 1 mark) 
 
 
Q2. 
  
The newton can be written in base units as 

   A    kg m 

   B    kg m s−1 

   C    kg m s−2 

   D    kg m2 s−2 

 
(Total for question = 1 mark) 

 
 
 
 
 
 
Q3. 
 
Which of the following gives the S.I. base units equivalent to the volt? 

   A    J C−1 
   B    J A−1 s−1 
   C    kg m2 s−2 C−1 
   D    kg m2 s−3 A−1 

 
  

(Total for question = 1 mark) 
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Q4. 
  

All quantities may be expressed in terms of SI base units. 

Select the row of the table that states the SI base units for the given quantity. 

 

  
(Total for question = 1 mark) 

  
 
Q5. 
  
Which of the following is the SI base unit for resistance? 

   A    Ω 

   B    V A–1 

   C    kg m2 s–3 A–2 

   D    kg m2 s–1 C–2 

  
(Total for question = 1 mark) 

 
Q6. 
  
Select the row of the table that identifies an SI base unit and a derived unit. 

 

  
(Total for question = 1 mark) 
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Q7. 
  

Which of the following is a S.I. base quantity? 
   A    energy 
   B    length 
   C    speed 
   D    velocity 

 
  

(Total for question = 1 mark) 
  
 
 
Q8. 
  
Which of the following lenses would produce a real image of an object placed 15 cm away 
from the lens? 

   A    converging, focal length = 10 cm 
   B    converging, focal length = 20 cm 
   C    diverging, focal length = 10 cm 
   D    diverging, focal length = 20 cm 

 
  

(Total for question = 1 mark) 
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Q9. 
  
A student investigated how the volume of a fixed mass of air varies with the temperature of 
the air. She used the apparatus shown. 

 

A glass tube was sealed at one end. A plug of oil trapped a length l of air in the tube. The 
water in the beaker was heated to a temperature θ. The corresponding value of l was 
measured. This was repeated for a range of temperatures. 

The thermometer had a resolution of 0.5 °C. The scale had mm divisions. 

The student's results are shown in the table. 

 

The student plotted a graph of l against θ as shown. 
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(i)  Explain the significance of the intercept on the x-axis. 
(3) 

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

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

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

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

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

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

(ii)  The student wrote a report of the investigation in her lab book. In the conclusion she 
wrote: 

 
Discuss the student's conclusion. 

(4) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

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

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

  
(Total for question = 7 marks) 
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Q10. 
  
The diagram shows a metronome, which includes an inverted pendulum, used by musicians 
to set a tempo. The pendulum oscillates with simple harmonic motion and makes a loud click 
at regular intervals. 

 

A faulty metronome stopped making a clicking noise. A student tried to check the accuracy 
of the period T of the metronome, using a stopwatch. The student timed the pendulum as it 
moved from one extreme of the oscillation to the other. 

Explain how the procedure used by the student to determine T could have been improved. 
(5) 

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

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

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

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

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

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

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

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

  
(Total for question = 5 marks) 
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Q11. 
  
A student used a sonometer to investigate the properties of a stretched wire. The sonometer 
is a long hollow wooden box. 

A steel wire is attached to one end of the box and rests on two wooden bridges. The wire is 
placed under tension T by hanging a mass from the end of the wire, as shown. 

 

The student placed the base of a vibrating tuning fork in contact with the wire, at one of the 
bridges. This set the wire into oscillation. He adjusted the position of the other bridge until a 
single-loop standing wave was produced on the wire between the bridges. 

The student repeated this for a series of tuning forks with different frequencies f. For each 
fork he measured the distance L between the bridges. 

The steel wire, of mass per unit length μ, was placed under tension T by hanging a mass of 
2.10 kg from the end of the wire. 

(i)  State one safety precaution that should be taken when carrying out the investigation. 
(1) 

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

(ii)  The student plotted a graph of L2 against 1/f2. 

Show that the gradient of this graph is equal to  
(3) 

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

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

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

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

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

 .............................................................................................................................................  
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(iii)  The student's graph is shown below. 

 

The value of μ for different standard wire gauge (SWG) steel wire is shown in the table. 

 

Deduce which wire the student used in the investigation. 
(4) 

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

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

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

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

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

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

  
(Total for question = 8 marks) 
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Q12. 
  

The student then found a value of μ for a brass wire, using a different method. 

(i)  He measured the diameter d of the wire using a micrometer. 

Explain one technique the student should use when measuring d. 
(2) 

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

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

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

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

(ii)  The student obtained the following data. 

 

The stated value of μ for the brass wire used by the student was 2.14 × 10-3 kg m-1. 

Deduce whether the student's data supports this value for μ. 

density of brass = 8700 kg m-3 ± 200 kg m-3 
(6) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 8 marks) 
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Q13. 
  
A teacher is explaining the differences between accuracy and precision to her students. 

She draws the following diagram, which shows different degrees of accuracy and precision. 
The circles represent targets A, B, C and D and the dots represent arrows hitting the targets. 

 

Explain how targets A, B, C and D represent differing degrees of accuracy and precision. 
(4) 

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

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

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 4 marks) 
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Q14. 
  

The length of a tooth from a dinosaur is approximately 10 cm. 

Scientist A measures this length with a metre rule, and scientist B measures this length with 
callipers. 

Scientist B claims that his measurement will produce a more accurate value for the length of 
the tooth. 

Comment on the claim made by scientist B. 
(3) 

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

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

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

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

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

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

 
   

(Total for question = 3 marks) 
 
 
Q15. 
  
A practical physics textbook states that "measurements may give a precise value for the 
quantity being determined but this may not necessarily be an accurate value". 

Describe what physicists mean by the terms accuracy and precision. 
(2) 

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

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

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

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

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

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

  
(Total for question = 2 marks) 
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Q16. 
  

A student carried out an experiment to calibrate a thermistor. She connected the thermistor 
in series with a resistor and a power supply as shown. Then she placed the thermistor in a 
beaker of hot water and used a thermometer to record the temperature θ of the water. 

 

The student recorded θ and corresponding values of the reading V on the voltmeter as the 
water cooled. 

Over a limited temperature range V varies with θ according to the expression 

 

where b and V0 are constants. 

(i)  Explain why a graph of ln V against θ would give a straight line. 
(2) 

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

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

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

 .............................................................................................................................................  
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(ii)  The student's data is shown in the table below. 

 

Plot a graph of ln V against θ on the grid opposite. Use the column provided to show any 
processed data. 

(5) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Working as a Physicist



(iii)  Determine values for b and V0. 
(4) 

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

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

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

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

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

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

b = ...........................................................  

V0 = ...........................................................  

 

  
(Total for question = 11 marks) 
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Q17. 
  
A student uses a lamp and a light sensor as a light gate connected to a data logger and 
computer to determine the speed of a falling object. He drops a small cylinder through a 
clear plastic tube. The light gate and data logger measure the time of fall of the cylinder and 
the speed is calculated. 

 

 

 
The student repeats the experiment five times and records the results in a table. 

 

 

 
Explain one advantage of using a light gate and data logger in this experiment. 

(2) 
 .............................................................................................................................................  

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

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

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

 
   

(Total for question = 2 marks) 
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Q18. 
  
A student is using a simple pendulum to determine a value for the acceleration of free fall g. 

 

She measures the length l of the pendulum four times with a metre rule and records the 
following values. 

 

She calculates the mean length lm of the pendulum using the following method: 

 

(i)  Calculate a more accurate value for lm. 
(2) 

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

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

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

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

lm = ...........................................................  

(ii)  Determine the time period of the oscillations of this pendulum, using your calculated 
value for lm. 

(2) 
 .............................................................................................................................................  

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

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

Time period of oscillations = ...........................................................  

  
(Total for question = 4 marks) 
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 Q19. 
  

A student carried out an experiment to determine the viscosity of some honey. He filled a tall 
glass cylinder with honey as shown, and timed a ball bearing as it fell through the honey. 

 

The student placed rubber bands near the top and bottom of the cylinder. He started a 
stopwatch when the ball bearing passed the first band and stopped the stopwatch when the 
ball bearing passed the second band. He repeated this several times to determine a mean 
time. 

The time t for the sphere to fall through a distance of 25.0 cm is shown in the table. 

 

(i)  Show that the mean velocity v of the ball bearing is about 0.04 m s-1. 
(3) 

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

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

 .............................................................................................................................................  
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(ii)  The student had three different types of honey available. 

Viscosity η is given by the following expression 

 

radius r of ball bearing = 5.50 × 10-3 m 

density of ball bearing ρB = 7750 kg m-3 

density of honey ρH = 1360 kg m-3 

 

Deduce which honey the student used. 
(2) 

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

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

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

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

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

  
(Total for question = 5 marks) 
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Q20. 
  
In an experiment to determine the speed of sound in air a student connected two 
microphones to an oscilloscope, as shown. 

 

The microphones detect sound from the loudspeaker, converting it to an electrical signal. 
The signal is displayed on the oscilloscope screen. 

Both microphones were initially positioned the same distance from the loudspeaker. The two 
signals were in phase on the oscilloscope screen. The student slowly moved microphone 2 
towards the loudspeaker, until the two signals on the oscilloscope were in phase again. He 
then measured the distance d between the microphones to determine the wavelength λ of 
the sound waves. 

d = 20.5cm 

Comment on the student's experimental technique to determine λ. 
(2) 

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

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

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

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

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

  
(Total for question = 2 marks) 
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Q21. 
  
A manufacturer gives the following information about a spring. 

 

A student carried out an investigation on the spring to test this information. 

She applied a range of forces from 0 N to 5 N to the spring. She measured the length of the 
spring and recorded the extension for each force. 

She plotted a graph of force against extension. 

 

Discuss the extent to which the student's results are consistent with the information given by 
the manufacturer. 

(6) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 6 marks) 

  
 
 
Q22. 
  
Two students are carrying out an investigation to determine a value for the speed of sound in 
air. 

They stand 80 m from a building. One student hits two pieces of wood together to make a 
loud sound and a short time later an echo is heard. The other student uses a stopwatch to 
measure the time interval t between the two pieces of wood being hit and the echo being 
heard. The procedure is repeated. The students also measure the air temperature. 

(a)  Explain how a sound wave travels through air. 
(2) 

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

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

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

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

(b)  The students repeat the investigation on a different day. The results are shown in the 
table. 
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(i)  Deduce why the students thought it necessary to make a third measurement on day 2. 
(1) 

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

 .............................................................................................................................................  
(ii)  Calculate the percentage uncertainty in the mean value of time on day 1. 

(2) 
 .............................................................................................................................................  

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

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

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

Percentage uncertainty = ...........................................................  
(iii)  Calculate the difference in the value for the speed of sound between day 1 and day 2 
obtained from these results. 

(2) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

Difference in speed = ...........................................................  
 

(iv)  The students state that the difference in the speed of sound between day 1 and day 
2 is due to the change in air temperature. 

 
Explain whether the results obtained are sufficient for this statement to be made. 

(2) 
 .............................................................................................................................................  

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

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

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

  
(Total for question = 9 marks) 

 Working as a Physicist



Q23. 
  

A school dynamics trolley has a plunger attached to a spring. When the plunger is pushed in, 
the spring is compressed. When the plunger is released, it is pushed back out by the spring. 

 

(a)  A student investigated the spring to determine whether it obeys Hooke's law in 
compression. 

The trolley was placed vertically in front of a scale and weights were added in turn to the 
top of the plunger, as shown. The position of the end of the plunger was recorded each 
time. 

 
 
The recorded results are shown in the table. 
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(i)  Use the results to plot a graph of weight against compression. You may use the 
additional column for your processed data. 

(5) 

 
(ii)  The student concluded that the spring obeys Hooke's law with a spring constant of 
about 600 N m–1. 
Determine whether the student's conclusion is justified. 

(4) 
 .............................................................................................................................................  

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

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

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

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

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

 ............................................................................................................................................. 
(b)  Another trolley was adapted by placing a tube around the plunger so that it could be 
used to launch marbles. A marble was placed in the tube while the plunger was depressed. 
When the plunger was released it launched the marble. 

 
Determine the maximum possible launch velocity of the marble when the spring is 
compressed by 5.4 cm. 
spring constant = 610 N m–1 
mass of marble = 4.1 g 
mass of plunger = 35.4 g 

(4) 
 .............................................................................................................................................  

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

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

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

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

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

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

Maximum launch velocity = ...........................................................  

(c)  The launch velocity was measured using a light gate and data logger. This produced a 
smaller value for the launch velocity than that calculated in (b). 
Give a reason why this method produced a smaller value for the launch velocity. 

(1) 
 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 14 marks) 
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Q24. 
  

Which of the following is a correct statement? 

   A    charge is a base quantity 

   B    velocity is a base quantity 

   C    mass is a derived quantity 

   D    resistance is a derived quantity 

 
   

(Total for question = 1 mark) 
 
 
Q25. 
  
Which of the following best describes the newton as used in physical measurements? 

   A    base quantity 

   B    base unit 

   C    derived quantity 

   D    derived unit 

 
  

(Total for question = 1 mark) 
  
 
 
Q26. 
  
Which of the following is a base SI unit? 

   A    ampere 
   B    coulomb 
   C    joule 
   D    newton 

 
  

(Total for question = 1 mark) 
  
 
 
 

 Working as a Physicist



Q27. 
  
Which of the following is the unit for tension expressed in SI base units? 

(1) 
   A    N 
   B    N s 
   C    kg m s−1 
   D    kg m s−2 

 
  

(Total for question = 1 mark) 
  
 
 
Q28. 
  
Which of the following are the base units for impulse? 

   A    kg m s−1 

   B    kg m s−2 

   C    N m 

   D    N s 

 
  

(Total for question = 1 mark) 
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Q29. 
  
Read the passage and answer the question below. 

 
The Solar Impulse 2 is a solar-powered plane that completed a round the world trip in 2016 
without using fossil fuels. 
 
 The wings are covered in thin solar panels, keeping the total mass of the plane and pilot at 
1600 kg. The need to reduce the weight limits the efficiency of the solar panels to 23%. 
However, in daylight, these panels generate enough energy to run the four 7.5 kW electric 
motors that keep the plane airborne and to fully charge the batteries that power the plane 
during the night. The batteries take about 6 hours to fully charge. 

 
 In daylight the plane flies at a height of 8500 m to harness the most sunlight, and at night 
descends to 1500 m. This descent makes use of the gravitational potential energy gained 
during the day to help the plane get through the night. 
 (Source: www.solarimpulse.com) 

Comment on how projects such as the Solar Impulse 2 might be of benefit to society at 
large. 

(1) 
 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 1 mark) 

Q30. 
In an investigation to determine the Young modulus of a material in the form of a wire, a 
tensile force of 14 N was applied to the wire. The length of the wire was 2.0 m. The diameter 
of the wire was 2.5 mm. The length of the wire increased by 0.20%. 

Explain why the wire chosen should be as long as possible. 
(2) 

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

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

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

  
(Total for question = 2 marks) 
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Q31. 
  
Genuine crystal balls are made from clarified quartz rather than glass. A student was given a 
small crystal ball and wanted to know whether it was genuine. 

The student measured the diameter of the crystal ball using vernier calipers with a resolution 
of 0.01 cm.  
She measured the mass of the crystal ball using a balance with a resolution of 1 g. 

The table gives the densities of clarified quartz and glass. 

 

Determine whether the crystal ball was genuine. 
(6) 

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

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

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 6 marks) 
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Q32. 
  
The resistivity of a metal is an important property of wire used in an electric circuit. 

A student carried out an experiment to determine the resistivity of a type of wire.  
He used a micrometer to measure the diameter d of the wire. 

 

He recorded the following values. 

 

 
(i)  Calculate the percentage uncertainty in the mean diameter of the wire. 

(3) 
 .............................................................................................................................................  

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

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

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

% uncertainty in mean diameter of wire = ...........................................................  

(ii)  The student used an ohmmeter to measure the resistance R of a 1.65 m length of the 
wire. 

 He looked up the resistivity values of some materials. 

 
 Identify the material of the wire. 
 R = 0.72 Ω 

(3) 
 .............................................................................................................................................  

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

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

.............................................................................................................................................  
(Total for question = 6 marks) 
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Q33. 
  
The diagram shows a coherent beam of light incident on a metal ball bearing. 

 

The ball bearing shown in the experimental set-up has a diameter of about 1 cm. 

Describe how the diameter could be measured accurately. 
(2) 

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

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

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

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

  
(Total for question = 2 marks) 
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Q34. 
  
A student connected the output from a source of alternating potential difference (p.d.) to a 
series resistor combination. 

She connected an oscilloscope across the 150 Ω resistor as shown. 

 

Another student suggested that a voltmeter would be more accurate than using an 
oscilloscope to determine the magnitude of the p.d. 

Comment on this suggestion. 
(3) 

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

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

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

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

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

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

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

  
(Total for question = 3 marks) 
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Q35. 
  
A student investigated the behaviour of a spring under tension. The spring was hung 
vertically with a mass holder attached. 

 

The position of the bottom of the mass holder was recorded. The spring was stretched by 
adding masses to the mass holder and the new positions were recorded. The extension of 
the spring each time was calculated. 

The student produced the following table. 

 

Criticise the student's table. 
(2) 

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

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

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

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

 .............................................................................................................................................  
(Total for question = 2 marks) 
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Q36. 
  
A student investigates how the efficiency of an electric motor being used to raise a load 
varies with the weight of the load. 

The time taken for the motor to lift a load from the floor to the maximum height was 
measured using a stopwatch. The load was varied by adding weights, each marked '1.00 N'. 

The spreadsheet shows the student's results (columns A to E) and calculation (column F). 

 

The student uses the spreadsheet to plot a graph. 

 

The student concludes that 'the efficiency of the motor increases with the weight of the load 
up to a maximum when the load is 6.00 N'. 

Critcise the student's investigation and conclusion. 
(5) 

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 5 marks) 

  
 
 
Q37. 
  
A student carried out an experiment to determine the focal length of a converging lens. The 
student used a bulb to illuminate an object as shown. The converging lens produced an 
image of the object on a screen. The student adjusted the position of the screen until the 
image was in focus. 

He repeated the procedure for different distances between the object and the lens. The 
distance v from the lens to the screen was measured for each lens position. 

 

The student measured the height ho of the object and the height hi of the corresponding 
image on the screen for each lens position. The magnification m was calculated. 

To determine the focal length f of the lens the student used the equation 

 

Explain why a graph of m on the y-axis and v on the x-axis should be a straight line. 
(2) 

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

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

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

  
(Total for question = 2 marks) 
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Q38. 
  
A physics textbook states that "when carrying out experimental measurements there will 
always be errors and uncertainties". 

Describe what physicists mean by error and by uncertainty. 
(2) 

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

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

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

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

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

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

  
(Total for question = 2 marks) 

  
 
Q39. 
  
Answer the question with a cross in the box you think is correct ( ). If you change 
your mind about an answer, put a line through the box ( ) and then mark your new 
answer with a cross ( ). 

A student carried out an experiment to determine the acceleration of free fall. The initial 
height of a ball bearing was measured using a metre rule. 

 

What is the best estimate of the percentage uncertainty in the measurement of height? 
   A    ±0.001% 
   B    ±0.01% 
   C    ±0.1% 
   D    ±1% 

  
(Total for question = 1 mark) 
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Q40. 
  

A student carried out an experiment to determine the acceleration of free-fall g using the 
apparatus shown in the photograph. 

A ball bearing was released from a measured height h and a timer automatically started. On 
hitting a timing plate, the ball bearing stopped the timer and the time t was displayed on the 
timer. This was repeated for different values of h. 

 

The uncertainty in t was ± 3%. The uncertainty in h was ± 1%. 

The student plotted a graph of t2 against h and used it to determine a value for g. 
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The student concluded that her value for g was consistent with the accepted value. 

Comment on the student's conclusion. Your answer should include a calculation of g from 
the student's data. 

You may assume that the percentage uncertainty in your value of g is the same as if the 
value were calculated from just one pair of readings. 

(5) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 5 marks) 
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Q41. 
  
A method to determine the wavelength of light using a converging lens was first proposed by 
Sir Isaac Newton. 

A converging lens is placed on a plane glass plate. The lens is illuminated from above with a 
parallel beam of monochromatic light, as shown. 

Some of the light is reflected from the upper surface of the lower glass plate and some from 
the lower surface of the lens. Interference between these two reflected waves produces 
circular fringes. The pattern is viewed through a microscope. 

 

The diameter D of each circular fringe, numbered N from the centre, is measured using the 
microscope. The data obtained from such an experiment is shown. 

 

The relationship between N and D is of the form D =pNq where p and q are constants. 

Determine p and q for this data using a graphical method. Use the additional columns for 
your processed data. 

(8) 
 .............................................................................................................................................  

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

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

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

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

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

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

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

p = ...........................................................  

q = ...........................................................  

 

  
(Total for question = 8 marks) 
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Q42. 
  
A spring is made from loops of thick steel wire as shown. 

 

There are two extra loops, one on each end of the spring. 

The student measured the diameter d of the steel wire and obtained a value of 2.52 mm. 

(i)  Explain which instrument he used to measure the diameter. 
(2) 

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

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

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

 
(ii)  Estimate the percentage uncertainty in the student's value for d. 

(1) 
 .............................................................................................................................................  

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

% uncertainty in d = ...........................................................  

 
(iii)  The student used a balance to measure the mass m of the spring. 

He obtained a value of 32.0 ± 0.5 g. 
Estimate the percentage uncertainty in the mass of the spring. 

(1) 
 .............................................................................................................................................  

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

% uncertainty in m = ...........................................................  

 
(iv)  The student calculated the density ρ of the steel using the equation 

 
Calculate the percentage uncertainty in his value for the density of steel. 

(1) 
 .............................................................................................................................................  

% uncertainty in value for density of steel = ...........................................................  
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(v)  Determine whether the data collected leads to a value for the density of steel in 
agreement with the standard value. 

density of steel = 7 800 kg m−3 
(4) 

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

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

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

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

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

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

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

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

  
(Total for question = 9 marks) 

 Q43. 

A mobile phone is powered by a lithium-ion battery. The information shown is taken from the 
battery. 

 

(i)   The watt-hour (W h) is an alternative unit for energy. 
Show that the maximum energy that can be stored by the battery is about 25kJ. 1 W h = 
3600J 

(1) 
 .............................................................................................................................................  

 .............................................................................................................................................  
(ii)  Calculate the maximum charge that the battery can provide. 

(2) 
 .............................................................................................................................................  

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

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

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

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

 Maximum charge = ...........................................................  
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(iii)  The mobile phone 'runs out of charge'. 
Calculate the minimum time taken, in hours, for the battery to fully recharge. 
charging current = 0.90 A 

(3) 
 .............................................................................................................................................  

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

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

 Minimum time = ........................................................... hours  

  
(Total for question = 6 marks) 

  
 
 
Q44. 
  
A series of experiments was carried out in the 1970s to investigate the structure of protons 
using the linac at Stanford, USA. 

An electron leaves the accelerator with a momentum of 20 GeV / c. 

(i)  Explain, with reference to base units, why GeV / c can be used as a unit of momentum. 
(2) 

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

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

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

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

(ii)  An electron with initial momentum 20 GeV / c collides with a stationary proton. After the 
collision the electron is deflected by an angle of 20° as shown and its momentum is 9.1 GeV 
/ c. The momentum of the proton after the collision is 11.9 GeV / c. 

 

Deduce whether the law of conservation of momentum is obeyed. 
(3) 

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

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

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

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

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

(iii)  The collisions between electrons and the protons in these experiments are sometimes 
inelastic. 

State what is meant by an inelastic collision. 
(1) 

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

  
(Total for question = 6 marks) 

  
 
 
Q45. 
  
A student modelled the behaviour of a circuit containing a cell of emf 1.5 V with internal 
resistance 3.0 Ω, using a spreadsheet. In this model the cell is connected across a resistor. 
The student used the model to investigate how the power P dissipated by the resistor varies 
with its resistance R. 

 

The student concluded that the power dissipated by the resistor is a maximum when R is 
between 2.5 Ω and 3.5 Ω. 
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Explain how this spreadsheet could be improved so that this maximum can be located more 
precisely. 

(2) 
 .............................................................................................................................................  

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

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

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

  
(Total for question = 2 marks) 

  
 
 
Q46. 
  
A teacher is demonstrating how to measure the speed of sound in a steel rod. The 
equipment comprises a hanging steel rod and a hammer connected to a data logger as 
shown. 

 

The rod is tapped at A with the hammer. A compression pulse travels to B and is reflected 
back. When the reflection reaches A the hammer loses contact with the rod.  
Whilst the hammer is in contact with the rod the output from a 5 V supply is recorded by the 
data logger. 
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The graph shows the output from the data logger for one hammer tap. 

 

Explain why a data logger is appropriate for this demonstration. 
(2) 

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

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

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

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

  
(Total for question = 2 marks) 

  
 
 
Q47. 
  
A student carried out an experiment to determine the resistivity of nichrome wire. 

He used an ohmmeter to measure the resistance of a length of nichrome wire as shown. 

 

The diameter of the wire was measured as 0.27 mm ± 0.01 mm.  
The length of the wire was measured as 1.25 m ± 0.05 m. 
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Determine which of the three measurements introduces the greatest uncertainty into the 
value for the resistivity. 

Your answer should include calculations. 
(4) 

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

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

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

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

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

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

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

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

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

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

  
(Total for question = 4 marks) 

  
Q48. 
  
Which of the following is the SI base unit for the Planck constant? 

   A    N m–1 s–1 

   B    N m s 

   C    kg m2 s–1 

   D    kg m–2 s 

 
  

(Total for question = 1 mark) 
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Q49. 
  
A student carried out an experiment to investigate the current-potential difference 
characteristics of a diode using the circuit below. 

 

He plotted the graph of potential difference V on the y-axis against the corresponding current 
I on the x-axis. 

Which graph would be obtained by the student? 
(1) 

 

  
(Total for question = 1 mark) 
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Q50. 
  
In an investigation to determine the speed of sound in air, a student sets up an oscilloscope 
to display the waveform of a sound wave as shown. 

 

The timebase is set to 25 μs / division. 

The student sets the timebase on the oscilloscope to a lower value per division. 

Describe any changes to the appearance of the waveform on the screen. 
(1) 

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

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

  
(Total for question = 1 mark) 
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Q16. 
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Q23. 
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Q27. 
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Q32. 
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