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Q1a An electric current of 0.54 A flows through a lamp for 15 minutes.  
Calculate the charge that flows through the lamp in this time.  [1] 

Student’s response 

Q = IT 
Q = 0.54×(60×15) 
Q = 486 
 
Charge = 486 C 
 

Q1b(i) Define the unit of potential difference, the volt, V.  [2] 

Student’s response 

Potential difference is energy generated per each coulomb of charge passing 
between two points. 

Q1b(ii) The potential difference across the lamp in (a) is 6.0 V.  Calculate the 
amount of energy converted by the lamp in 15 minutes.  [2] 

Student’s response 

V = 
𝑾𝑾
𝑸𝑸

   6×486 = W 

    W= 2916 
 
Energy = 2916 J 

Examiner’s comments 

In (a) A grade boundary candidates scored full marks having no difficulty recalling 
and using the equation correctly.  

In (b)(i) some scored both marks but many included one quantity and one unit in 
their answer so only scoring 1 mark out of the possible 2.  The calculation in (ii) was 
generally correct. 
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Q2 A piece of conductive putty was shaped into a solid cylinder of length 5.3 cm 
and diameter 1.24 cm.  The current through the putty was measured at three 
different values of potential difference and the readings were recorded in 
Table 2.1. 

 
Table 2.1 

Current/A Potential Difference/V 

0.18 3.2 

0.37 6.8 

0.57 10.3 

 
Q2a Calculate the electrical resistance of the putty.  [3] 
 

Student’s response 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Resistance =  18.1  Ω 
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Q2b(i) The resistance is a property of this sample of putty while resistivity is a 
material property of the putty.  Explain what is meant by the words in bold 
in the previous sentence. 

 
Student’s response 

Resistivity: The resistance of a material that is 1 metre long and has a cross 
sectional area of 1m2.  Resistivity is measured in Ωm /ohm meter [2] 

Material Property: A property related solely to that material. E.g. length, Area [1] 

Q2b(ii) The volume of putty in (a) is now rolled into a thinner cylinder of length 
6.2cm.  Calculate the new resistance of the piece of putty.  [6] 

 

Student’s response 

 

 

 

 

 

 

 

Resistance =  0.75  Ω 

Examiner’s comments 

In part (a) most A grade boundary candidates were able to score full marks, 
averaging the 3 resistances correctly. 

Part (b)(i) may have caused some problems when boundary candidates tried to 
explain material property.  Better A grade candidates had no problems here. In (ii) it 
was common for A boundary candidates to score part marks, generally at least 3 out 
of the 6 available as they could calculate the resistivity correctly.  
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Q3a  State the principle of moments.  [3] 

Student’s response 

The principle of moments states that when an object is in rotational equilibrium the 
sum of its clockwise moments about a pivot are equal to the sum of its anticlockwise 
moments about the same pivot. 

Q3b Two spheres of mass 25g and 58g are connected by a straight, uniform rod 
of mass 50 g and length 30 cm as shown in Fig. 3.1. 

 

 
 
Q3b(i) Describe simply how the centre of gravity of the system could be found 

physically.  [1] 
 
Student’s response 

By suspending the system on a piece of string, the point at which the rod rests 
horizontally without stopping is the centre of gravity. 
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Q3b(ii) By taking moments about the centre of gravity, find the distance of the 
centre of gravity from the sphere of mass 25 g.  [3] 

 

Student’s response 

 

 

 

 

Distance =  20.96  cm 

Examiner’s comments 

Most A grade boundary candidates were able to correctly state the principle of 
moments in (a). 

In (b)(i) most could describe how the centre of gravity could be found.  In (ii) grade A 
boundary candidates were able to recognise that there was a common unknown 
distance on both sides of the moments equation but couldn’t always deal with the 
mathematics of solving the equation so only scored part marks. 
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Q4a  The speed, v, of an ultrasound wave moving through a material is given by 
Equation 4.1  [3] 

 

where ρ is the density of the material. 
 

Use Equation 4.1 to determine the base units of the quantity E. 
 
Student’s response 

 

 

 

 

 

 

 

 

Base units of E =  kgm -15-2 
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Q4b  A tablet of a medicinal drug contains 550 μg of a chemical. 

Q4b(i) How many tablets can be produced from 1.00 kg of the chemical?  [2] 

Student’s response 

 

 

 

 

Number of tablets =  1,818,181 
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Q4b(ii) In physics there is a system of units called Planck units.  The Planck mass 
is the fundamental unit of mass in the Planck system of units. 
 
1 Planck mass = 2.18 × 10–8 kg. 
 
Calculate the mass of the chemical in each tablet in Planck mass units.  [1] 

Student’s response 

 

Mass =  25.2  Planck mass units 

Examiner’s comments 

In (a) grade A boundary candidates knew the base units of the individual quantities 
and the majority were able to correctly rearrange them to get full marks.  

In (b)(i) the grade A boundary candidates correctly calculated the number of tablets, 
usually without power errors.  They were also able to convert the mass correctly into 
Planck mass units in (ii). 
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Q5a An object moves with constant acceleration a in a straight line.  After t 
seconds, its acceleration changes to a constant value −a.  Describe what 
will happen to the magnitude and direction of the velocity and 
displacement of the object as a result of the change in acceleration in the 
time period t to 2t seconds.  [4] 

 

Student’s response 

Velocity:  the velocity changes e.g. the magnitude will decrease and the 
direction will stay the same.  The object will be slowing down. 

Displacement: The displacement will increase from O-t but increase with a lesser 
magnitude from t 2t.  The direction stays the same. 

Q5b Fig. 5.1 shows a velocity time graph for a parachutist from the instant the 
parachute is opened until the parachutist reaches the ground. 
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Q5b(i) Calculate the magnitude of the acceleration experienced by the  
parachutist 10 s after the parachute is opened.  [3] 

 

Student’s response 

V = u+at 

16-56 = a   a= -4 
  10 
 

Acceleration =  -4  m s–2 
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Q5b(ii) The parachutist initially jumped from a plane flying at a height of 4100 m.  
Use the graph in Fig. 5.1 to estimate the distance the parachutist fell 
before the parachute opened.  [3] 

 

Student’s response 

 

 

 

 

 

Distance =  2928  m 

Examiner’s comments 

In (a) most A boundary candidates scored at least 3 marks.  Some omitted direction 
in their answer to one of the quantities. Many scored full marks. 

In part (b)(i) many A boundary candidates tried to use the equations of motion.  It 
was only better grade A candidates that correctly drew and used a tangent.  In (ii) it 
was common for A boundary candidates to recognise that the displacement was the 
area under the graph but many overestimated this, treating the curve as a triangle 
which was obviously larger than the area they required. 
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Q6 An experiment to determine the acceleration of free fall, g, using one or 
more light gates and computer software is carried out. 

 

Q6a Describe the experiment.  Include in your answer any measurements 
required and how these are used in the appropriate equation of motion.  [4] 

 

Student’s response 

Release the ball-bearing and record time taken between gates.  Repeat several 
times and take an average.  Use a ruler to measure the distance between the light 
gates.  Use the equation s = ut + 1

2
at2.  Rearrange to s = 1

2
a.t2 + ut 

                 y =  m. x +  c 

Plot a graph of s against t2 (s=h). u = 0 so the graph should be a straight line through 
the origin.  Calculate the gradient g = a = 2m. 
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Q6b Explain why the value for g obtained from an experiment such as that 
described in (a) would be expected to be lower than the actual value  
of 9.81 m s–2.  [2] 

 

Student’s response 

Air resistance will likely slow down the ball bearing  This will give a value lower than 
9.81 m s–2 as 9.81m s–2 is the value of g in a vacuum.  

Examiner’s comments 

In part (a) A grade boundary candidates will have scored some marks for a general 
description of their method but may not have included the detail of what was input 
into the software and how the software calculated the acceleration from the times 
that it measures.  The potential of the light gates and software to calculate a value of 
g rather than just measure time was often underutilised.  

In part (b) Most grade A boundary candidates correctly realised that air resistance 
would be the factor leading to a lower value of g. 
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Q7a A ball of mass 0.024 kg is dropped from rest and falls to the floor.  Fig. 7.1 
shows the variations in potential energy and kinetic energy with distance 
fallen until the ball reaches the floor. 

 

 

Q7a(i) Calculate the height the ball was dropped from.  [2] 

Student’s response 

 

 

 

 

 

 

Height =  1.53  m 
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Q7a(ii) Calculate the difference between the speed reached by the ball in this case 
and the speed that the ball would have reached had it been dropped in a 
vacuum.  [3] 

 

Student’s response 

 

Difference in speed =  0.647  m s–1 
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Q7b  Table 7.1 shows the efficiency and power output of a home heating boiler. 

Table 7.1 

 Boiler 

Efficiency 94.3% 

Power Output 181kW 

 
The boiler is required to provide 1.30 × 108 J of energy per day. 

Q7b(i) Calculate the time that the boiler must be switched on to provide this 
energy.  Give your answer in hours.  [3] 

Student’s response 

Time =  2.13  hours  
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Q7b(ii) If one litre of oil provides 3.80 × 107 J of energy and costs £0.29, calculate 
the cost of using the boiler for a week when the energy output is  
1.30 × 108 J per day.  [5] 

 
Student’s response 

Cost = £ 6.94 
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Q7b(iii) Apart from cost, give another reason why it is important to consider energy 
efficiency ratings when deciding on what household appliances to 
purchase.  [1] 

 
Student’s response 

To have a greener, more eco-friendly environment. 

 
Examiner’s comments 

In part (a)(i) grade A boundary candidates had no problem accessing both marks.  
Also in (b)(ii) most calculated both kinetic energies correctly and were able to quote 
the correct difference in speed.  

Part (b) challenged A boundary candidates who often used efficiency in their 
calculation and lost a mark.  In part (ii) it was common for better A candidates to 
score full marks but those on the boundary often scored 3 out of the possible 5, 
efficiency again causing problems.  Most had no problem getting the mark in (iii). 
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Q8a  State Newton’s laws of motion.  [3] 

Student’s response 

1st law: an object will remain at rest or continue at a constant speed in a straight line 
unless acted on by an unbalanced force. 

2nd law: The acceleration of an object is directly proportional to the resultant force 
acting on it and inversely proportional to its mass.  The acceleration takes place in 
the direction of the unbalanced force. 

3rd law: If object A exerts a force on object B, object B will exert a force equal in 
magnitude but opposite in direction on A. 

Q8b A man stands on a stationary raft on still water.  He then jumps off onto the 
shore.  Explain how Newton’s laws of motion apply to the movement of the 
raft before and after the man jumps off.  [3] 

 

Student’s response 

Before the man jumps, there will be no resultant force acting on the raft, so it will 
remain at rest. 

After the man jumps, he will have exerted a force on the raft; the raft will thus 
accelerate in the opposite direction to the direction of the man jumped; with an 
acceleration directly proportional to the resultant force on the raft, and inversely 
proportional to the mass of the raft. 

Examiner’s comments 

In (a) most grade A boundary candidates were able to correctly state Newton’s laws 
of motion although some would have left out key words and lost marks to score 2 out 
of 3.  The word ‘resultant’ was often replaced with ‘external’.  

In (b), scoring only 2 out of the possible 3 was common among A grade boundary 
candidates who may have repeated the same mark a few times in their answer but 
didn’t give 3 clear correct statements. 
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Q9 A fruit, such as a lemon, can be used as a small source of e.m.f. that has 
an internal resistance.  Two pieces of metal, zinc and copper, are inserted 
into the fruit as shown in Fig. 9.1. 

 

 

Q9a Complete Fig. 9.1 to show a circuit that can be used to provide results that 
will allow the internal resistance of the lemon to be obtained graphically.  
[2] 

 

Student’s response 
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Q9b Describe how the circuit drawn in Fig. 9.1 is used and state the readings 
that should be taken, the graph that should be drawn and how the internal 
resistance can be obtained from the graph.  [5] 

 

Student’s response 

‘Set up the circuit and place the variable resistor at its maximum resistance, close 
the switch and record v and I from the ammeter and voltmeter.  Repeat this, variying 
the resistance of the variable resister to obtain a range of I and V readings. 

E = IR + Ir so E = v+Ir  -v = Ir – E 
V = -r ×I + E, using this equation and plotting a graph of V against I will give a graph 
of gradient –r.  So -1 x gradient will give the internal resistance. 
 

Examiner’s comments 

In part (a) most A grade boundary candidates could correctly draw the circuit 
diagram and scored both marks in this part.  

In part (b) A grade boundary candidates usually scored at least 4 marks.  Sometimes 
missing out either the negative r from the gradient or the number of sets of readings 
that were required to be taken from which a graph can be drawn.  
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Q10a Describe what will happen to the resistance of a negative temperature 
coefficient (NTC) thermistor as temperature increases.  Explain why  
this happens.  [2] 

 

Student’s response 

As temperature increases the resistance decreases.  This is because on NTC 
thermistor will have a greater number of charge carriers at a higher temperature, 
which results in fewer election ion collisions, and a smaller resistance. 

Q10b Fig. 10.1 shows a sensor circuit to warn of icy conditions on a path.  A 
minimum potential difference of 5.5 V is required for the bulb to light. 

 

 
 
Q10b(i) Explain why the bulb has been connected across the thermistor and not 

across the fixed resistor.  [2] 
 
Student’s response 

The thermistor’s resistance varies with temperature allowing the bulb at different 
times, to be either less or more hot. 
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Q10b(ii) The resistance of the bulb is 2.2 kΩ.  Calculate the resistance of the 
thermistor when the bulb first turns on.  [4] 

 

Student’s response 

 

 

 

 

 

 

 

 

 

 

 

Resistance of thermistor =  1.9  kΩ 

Examiner’s comments 

Part (a) was correctly answered by grade A boundary candidates who knew the 
theory behind the change in resistance and were able to give an adequate 
description for both marks.  

In (b)(i) explanations from A grade boundary candidates were often poor, only 
stronger A candidates were able to access both of these marks.  On occasion, 
boundary candidates scored 1 out of the 2 available.  In (ii) it was common for 
boundary candidates to score part marks, often 2 or 3 as they were able to make 
some progress towards the final answer but could not complete the calculations.  
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Q11a An object thrown from the Earth’s surface follows a parabolic path.  
Describe the vertical and horizontal forces that act on it.  [2] 

 

Student’s response 

Vertical Force = Vsinθ “V” acceleration does change, hence force does change. 

Hortizontal Force = Vcosθ ‘H’ acceleration doesn’t change, hence force stays the 
same. 

Q11b A basketball player is standing on the floor 8.70 m from the basket, as 
shown in Fig. 11.1.  He shoots the ball from a height of 1.96 m at an angle 
of 50° to the horizontal, with an initial speed of 9.84 m s–1.  The ball passes 
straight through the hoop without striking the backboard.  What height is 
the hoop above the floor?  [5] 
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Student’s response 

 

 

 

 

 

 

 

 

 

 

 

Height of hoop =  3.05  m 

Examiner’s comments 

In part (a) most A grade boundary candidates failed to answer the question as asked 
and answered in terms of velocity rather than forces.  Only higher A grade 
candidates scored well in this part. 

Part (b) was well answered by most A grade boundary candidates and only a few 
didn’t progress through the stages of the calculation correctly to get full marks.  
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Q12 Scientists at NASA’s research centre have experimented with the use of 
airbags to soften the impact when spacecrafts land. 

 
Q12a Before the airbags are deployed the spacecraft needs to be slowed down 

from a speed of 96 m s–1 to 8.2 m s–1.  This can be done by firing a jet of 
gas in the same direction as the spacecraft is moving.  If the mass of the 
spacecraft, including the gas, is 6780 kg and 50 kg of gas is ejected, 
calculate the velocity of the ejected gas.  [3] 

 
Student’s response 

 

Velocity of gas =  11,913  km s–1 
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Q12b(i) Explain how airbags help reduce the risk of damage to a spacecraft on 
landing.  [3] 

 

Student’s response 

They decrease the braking force by increasing the stopping time and distance.  
Therefore less force against the aircraft will result in less damage. 

Q12b(ii) An average force above 44 kN will damage a spacecraft on landing.  
What minimum stopping time is required in order to stop a 5750 kg 
spacecraft moving at 8.2 m s–1 without causing damage?  [2] 

 

Student’s response 

 

 

 

 

 

 

 

Stopping time =  1.07  s 

Examiner’s comments 

Most A grade boundary candidates scored well in (a).  While grade B candidates 
may have omitted to add or subtract masses, this mistake was not made by the A 
grade candidates.  Some did not convert to km and so scored 2 out of the possible 3 
but this was rare for candidates at this boundary. 

In (b)(i) A grade boundary candidates were able to explain in words how the risk of 
damage was reduced but many failed to back this up with the use of the equation.  
Part (ii) was well answered by most, who found this calculation straightforward. 
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Q13 Fig. 13.1 shows a uniform ladder of length 4.5 m resting against a wall.  
Two of the three forces acting on the ladder are shown.  The weight of the 
ladder is W and the force acting perpendicular to the wall at the top of the 
ladder is 170 N.  You may assume there is no friction between the top of 
the ladder and the wall.  The ladder has a mass of 20 kg.  [3] 

 
 
 
 
 
 
 
 
 
 
 
 

Calculate the magnitude and direction, relative to the horizontal, of the 
force on the ladder due to the ground. 

 
Student’s response 
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Force =  259.6  N 

Direction to the horizontal =  49.10  о 

Examiner’s comments 

This calculation was well done by most A grade boundary candidates.  They were 
able to correctly calculate both the force and the angle to get full marks.    

 



32 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 



33 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

GCE:  AS Physics 
  

 

Grade:  A Exemplar
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Q1a In the laboratory a certain line in the calcium spectrum has a wavelength of 
396.9 nm.  When the calcium spectrum from another distant galaxy was 
observed the same line is red shifted to a wavelength of 398.3 nm. 

 

Q1a(i) Explain why there is this change in the wavelength of the same  
spectral line.  [1] 

 

Student’s response 

The galaxy is moving away from use so the wave fronts we are observing are further 
apart and the wavelength increases. 

 
Q1a(ii) Explain how cosmological red shift differs from Doppler red shift.  [2] 

Student’s response 

Doppeler red shift is caused by galaxies moving away from each other.  
Cosmological red shift is caused by the distance between the galaxies increasing 
due to the expansion of space and increasing the wavelength of the light traveling 
through the space. 
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Q1b(i) Calculate the cosmological red shift parameter, z, for the spectral line of  
calcium from the other galaxy.  [2] 

 

Student’s response 

 

Z =  3.53 ×10-3 

 
Q1b(ii) Use your value of z to calculate the recession speed of the other galaxy.  

[2] 
 

Student’s response 

 
 

 

 

 

 

Speed =    1060000    m s−1 
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Q1b(iii) Estimate how far the other galaxy is away from Earth in mega light years. 
 [1 mega light year (Mly) = 9.46 × 1018 km.]  [3] 
 

Student’s response 

 

Distance =   46.6   Mly 
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Q1c Use the value for the Hubble constant, H0, in the Data and Formulae Sheet to 
obtain a value for the age of the Universe in billions of years (giga years).  [3] 

 

Student’s response 

Age =   13.2 billion   years 

Examiner’s comments 

Full marks in question 1 is common for the majority of candidates on the A boundary.   
 
In part (a)(i) A boundary candidates show understanding of the change in 
wavelength being caused by the distant galaxy moving away.  In part (ii) they can 
give a reasonable explanation of the difference between Doppler and cosmological 
redshift. 
 
In part (b) calculations are laid out and correctly computed.  In part (ii) the boundary 
candidate may not write their answer in standard form but this will not be penalised 
multiple times through the same paper.  Correctly written standard form answers 
tend to be more common in top A grade candidate’s answers.  
 
Part (c) is again answered well by A grade candidates who have no problems 
converting time from seconds into giga years. 
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Q2 Potassium has a work function of 2.29 eV. 

Q2a Calculate the maximum wavelength of electromagnetic radiation that would 
cause photoelectric emission if incident on a clean potassium surface.  [4] 

 

Student’s response 

 

 

 

 

 

 

Wavelength =   5.43 x 10-7   m 

Q2b A photon of energy 8.69 × 10−19 J is incident on a clean potassium surface.  
Calculate the maximum velocity with which an electron can be emitted.  [4] 

 

Student’s response 

 

Maximum velocity =   1050000   m s−1  
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Q2c Explain why the velocity of other emitted electrons will be less than this 
maximum value.  [2] 

 
Student’s response 

It takes more energy to get some electrons to the surface than others (e.g. some are 
further down), the excess energy is transformed into kinetic energy, but there is less 
excess energy for some than others so less kinetic energy and a lower velocity. 

 
Examiner’s comments 

Grade A boundary candidates can systematically work through the stages of the 
conversion from an energy in eV to the corresponding wavelength in part (a).  Full 
marks are usually obtained and the answer is quoted to the appropriate number of 
significant figures.   
 
In part (b) the A candidate clearly shows Einstein’s equation and the correct 
substitutions into it.  Lower grade candidates tended to try to use the kinetic energy 
equation in this part and didn’t recognise that they should have used Einstein’s 
equation.  Higher A grade candidates generally would use standard form in the 
answer line.  
 
In (c) it is typical of an A boundary candidate to be awarded at least 1 mark in this 
question for their explanations. 
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Q3a(i) Photoelectric emission can only be fully explained by the photon model.  
State which observations relating to photoelectric emission can only be 
explained by the photon model and not by the wave model.  [2] 

 
Student’s response 

If the wave model were true at a high intensity UV we would expect electrons to be 
emitted regardless of the frequency, however this does not occur.  Threshold 
frequency needs to be hit before only electrons can be emitted.  Also, we would 
expect a delay in the emission of electrons when the UV radiation is low, however 
we see neither of these observations, so the wave theory breaks down. 

Q3a(ii) What observation associated with photoelectric emission could be 
successfully explained by the wave model?  [1] 

 
Student’s response 

As the UV radiation increases, the number of photoelectrons emited per second 
increases. 
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Q3b Describe an experiment to observe electron diffraction.  Your answer should 
include detail of the apparatus used and a description of what is observed.  
State the significance of the observations.  [8] 

 

Student’s response 

Electrons are accelerated to a high speed by a high voltage to create a diffraction 
pattern.  The experiment is done in the vacuumed environment to prevent air 
particles scattering the electrons and not producing the correct diffraction pattern.  
Graphite is used as the layers in the atomic structure of graphite diffract the electons 
to form the diffraction pattern.  The diffraction pattern can be seen as concentric 
circles of light and dark bands, created by constructive and deconstructive 
interference. 

 

 

 

 

 

This diffraction pattern is very similar to the diffraction pattern in light, as it has bright 
and dark fringes due to diffraction.  Therefore this proves that electrons can act as a 
wave as they can be diffracted like light.  Therefore the have a wave, particle duality. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q3c Calculate the de Broglie wavelength, in nanometres, of an electron that has a 
velocity of 2.50 × 106 m s−1.  [4] 

 

Student’s response 

 

Wavelength =   29.1   nm 

Examiner’s comments 

A typical A grade candidate can correctly identify that wave theory can’t explain the 
frequency dependence of the photoelectric effect and the immediate release of 
photoelectrons to be awarded both marks in part (a)(i).  In part (ii) however they may 
not link the number of emitted photoelectrons to the intensity of the radiation.  In 
general only the top A grade candidates were awarded this mark.  
 
In (b) 6 marks out of a possible 8 is typical of a boundary A grade candidate.  They 
will have the core information but may omit a few points from the mark scheme.   
 
In (c) A boundary candidates will score 3 or 4 marks, having no problem identifying 
the correct equation to use or calculating the wavelength correctly.  The conversion 
to nm was sometimes missed or done incorrectly. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4 An experiment is performed to determine the refractive index of the material of 
a rectangular transparent block.  The results of the experiment are used to plot 
a graph of sin r against sin i as shown in Fig. 4.1. 
N.B. r is the angle of refraction and i is the angle of incidence. 

 

Q4a Outline the experimental procedure that would enable results to be taken so 
that the graph shown in Fig. 4.1 can be drawn.  [4] 

 
Student’s response 

Place a glass block onto a page and draw around it.  Remove block and draw a 
normal at one side.  Use a ray box to shine a light into the glass block where the 
normal meets the glass block.  Mark ray with two 𝑥𝑥’s and do the same with the 
refracted ray.  Remove glass block and join lines using a ruler.  Measure the angle of 
incidence and refraction using a protractor,  Create a table of sin i against sin r.  
Repeat for at least 5 values.   Plot sin r against sin i. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4b(i) Use data from Fig. 4.1 to determine the refractive index of the material 
from which the transparent block was made.  [2] 

 

Student’s response 

 

 

 

 

Refractive index =   1.57 

Q4b(ii) Determine the critical angle for the material.  [3] 

Student’s response 

 

 

 

 

Critical angle =  39.6 ° 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4b(iii) Determine the speed of visible light during its passage through the material 
from which the transparent block was made.  [3] 

 

Student’s response 

 

 

 

Speed =   191082802   m s−1 

Q4c(i) Complete Fig. 4.2 by labelling the structures of the optical fibre, and 
complete the passage of the ray through the fibre.  [4] 

 

 

Student’s response 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4c(ii) Describe how optical fibres are used in a flexible endoscope.  [3] 

Student’s response 

Optical fibres totally internaly reflect light within them due to the fact the outer sheath 
has a lower refractive index than the glass core and angle is greater than the critical 
angle, to produce images that can aid doctors in diagnosis of disease.  In the non 
coherent fibres, which are all twisted, light is carried.  Whereas in the coherent fibres 
the image is carried and these fibres must be parallel to each other to ensure the 
image is correct as each fibre takes part of the image in a mosaic like picture. 

Examiner’s comments 

In (a) grade A candidates give all the key points but may miss the number of sets of 
results that should be recorded so will score at least 3 marks out of the 4.   
 
In (b) calculations tend to be correct for A grade candidates.  In (iii) boundary 
candidates may use an inappropriate number of significant figures and may not use 
standard form for their answer as higher A grade candidates would. 
 
In (c)(i) A boundary candidates scored 3 marks out of 4, missing the subtlety of the 
refraction as the ray entered the optical fibre.  Most scored full marks in (iii) and gave 
concise answers. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5a(i) Fig. 5.1 shows a 3.0 cm high object, OA, placed 300 cm from a converging 
lens, L.  On the grid of Fig. 5.1, complete the scale diagram to determine 
the focal length of the converging lens if a real image, 2.0 cm high  
is formed.  [6] 

 

 

Student’s response 

 

 

 

 

 

 

 

 

Focal length =  120   cm  
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5a(ii) Determine the magnification for the situation described.  [2] 

Student’s response 

 

Magnification =   0.67 

Q5b(i) When used as a magnifying glass a lens of focal length 16 cm can produce 
an upright (erect) image with a magnification of 2.2.  How far is the object 
from the lens when this magnification is achieved?  [4] 

 

Student’s response 

 

Position   5   cm 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5b(ii) Calculate the power of this lens in dioptres, D.  [2] 

Student’s response

 

Power =  6.25  D 

Q5c(i) Name the condition affecting a person’s vision if he requires spectacles 
with a lens of power −2.2 D.  [1] 

 

Student’s response 

 

They are short sited, Myopia. 

Q5c(ii) What is the cause of this condition?  [1] 

Student’s response 

Their eye being too long or their lens being too strong. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5c(iii) What effect does this condition have on his vision?  [1] 

Student’s response 

Cannot see things that are far away, their ability to see in the distance is less than 
infinity (far point less than ∞ 

Q5c(iv) Explain how the correcting lens improves his vision.  [1] 

Student’s response 

Diverging lens will create a virtual image at the persons far point. 

Examiner’s comments 

In (a) most A grade candidates drew accurate ray diagrams to be awarded full marks 
and were able to determine the magnification correctly.  
 
In (b)(i) the A boundary candidates could quote the correct equations but often 
omitted the negative v and may have scored 2 marks out of the 4 available.  Most 
were able to correctly calculate the power and knew to convert f to metres. 
 
Part (c) was generally answered correctly by A boundary candidates although some 
did not give the required detail in (iv). 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q6a Explain why a standing wave can be established in a pipe closed at  
one end.  [2] 

 

Student’s response 

A wave from the speaker meets a reflected wave from the bottom of the pipe, which 
is of the same wavelength and frequency, and moving in opposite directions.  This is 
interference of two waves. 

 
Q6b Figs. 6.1 and 6.2 show two pipes of the same length, closed at one end.  A 

speaker, attached to a signal generator, is placed at the open end of each 
pipe.  The frequency of the note emitted by the speaker is varied to produce 
resonance. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q6b(i) On Fig. 6.1, draw the graphical representation of the first mode of vibration 
of the standing wave in the pipe.  [2] 

 
Q6b(ii) On Fig. 6.2, draw the graphical representation of the fourth mode of 

vibration of the standing wave in the pipe.  [1] 
 

Student’s response 

 

Q6c Explain the difference between a ‘node’ and an ‘antinode’ in this context.  [2] 

Student’s response 

As node is where there is zero amplitude from the equilibrium position and is always 
at rest.  A antinode is when the vibration is at a maximum amplitude from the rest 
position. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q6d The pipes are 0.68 m long and the speed of sound in air is 330 m s−1. 
Determine the frequency of the note emitted in each pipe.  [4] 

 
Student’s response 

 

 

 

 

 

 

Frequency (1st mode of vibration) =   121   Hz 

Frequency (4th mode of vibration) =   849   Hz 

Examiner’s comments 

In (a) A grade candidates were generally able to score both marks although some 
may have omitted to mention that the waves met or equivalent after reflection.  
 
In (b) the modes of vibrations were well drawn by A candidates who showed the 
correct shapes with reasonable quality.  
 
In (c) they may have correctly given a definition of a node with antinode being less 
well understood.  Only the better A grade candidates explained the difference 
clearly, as asked in the question. 
 
In (d) A grade candidates usually scored full marks, with the majority getting the 
correct first step of multiplying the length of the tube by 4 while lower grade 
candidates divided. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q7a In the Young’s slits interference experiment, light rays from two slits  
(s1 and s2) meet on a screen to produce an interference pattern.  [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Use the twin concepts of coherence and path difference to explain how 
constructive interference could occur at position f on the screen on Fig. 7.1. 

 
Student’s response 

Constructive interference occurs when there is a constant phase difference between 
the light rays.  Coherence is constant phase difference, therefore the rays need to be 
coherent.  Constructive interference will occur when a whole number of wavelengths 
can fit into the path difference. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q7b In a Young’s slits interference experiment to determine the wavelength of laser 
light the slits are measured to be 0.58 mm wide and they are 1.24 mm apart.  
The distance between the first bright fringe and the sixth bright fringe on 
interference pattern produced was 9.29 mm.  The screen on which the 
interference pattern was formed was 3.74 m from the laser and the laser was 
10 cm from the slits.  The wavelength can be calculated using the equation  [3] 

 
 

 

Q7b(i) Identify the magnitude of the quantities a, y and d:  [3] 

Student’s response 

 

 

 

 

 

a = 1.24 x 10-3m 

y = 1.86 x 10-3m 

d = 3.84m 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q7b(ii) Calculate the wavelength of the laser light.  [1] 

Student’s response 

 

 

 

 

 

 

Wavelength = 6 x 10-7 m 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q7c Another technique for determining the wavelength of monochromatic light is to 
use a diffraction grating.  Fig. 7.2 illustrates the effect of the diffraction grating 
on incident monochromatic light. n = 0, 1, 2 represent the direction of different 
orders of diffraction maxima. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

The diffraction grating has 300 lines per millimetre and the angle between the 
two second orders is 40.2°. 

 
Q7c(i) Determine the wavelength of the incident light.  [4] 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Student’s response 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wavelength = 5.72 x 10 -7 m 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q7c(ii) Determine the highest order of diffraction fringes that it is possible to 
observe using this diffraction grating with this wavelength of light.  [3] 

Student’s response 

 

 

 

 

 

 

Highest n = 5 

Examiner’s comments 

In (a) most A boundary candidates scored 2 marks out of 3, tending to omit that the 
path difference was S1f – S2f in their explanations. 
 
Part (b)(i) was generally only answered completely correctly by high A grade 
candidates.  Those on the boundary may have got 2 of the magnitudes correct.  All 
were able to gain the mark in (ii) for the calculation. 
 
Part (c)(i) was generally answered well by A candidates although some may have 
lost a mark in calculation of d or for the use of an incorrect angle.  Most A boundary 
candidates were able to answer (ii) correctly. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

GCE:  AS Physics 
  

 

Grade:  A Exemplar

AS 3B Practical Techniques and Data 
Analysis 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q1 In devices such as X-ray tubes and CROs electrons need to be accelerated up 
to high speeds.  Table 1.1 provides data on the kinetic energy acquired by an 
electron when accelerated through a potential difference.  [8] 

Table 1.1 

Potential 
difference/V 

120 568 1274 1686 2540 

Kinetic 
energy/fj 

1.92 × 10–2 9.09 × 10–2 2.04 × 10–1 2.70 × 10–1 4.06 × 10–1 

 

On Fig. 1.1, plot a graph of potential difference against kinetic energy and 
draw the best fit line. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Student’s response 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Examiner’s comments 

Most grade A boundary candidates scored full marks for their graph drawing.  They 
were able to correctly label and scale the axis, plot points accurately and draw good 
best fit lines.  Few of them lost any marks in this question. 

 
 
Q2 The graph drawn in Fig. 2.1 shows the relationship between the gas pressure 

measured in Pa and the temperature of a gas measured in °C. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2a Determine the gradient of the best fit line shown in Fig. 2.1.  [4] 

Student’s response 

 

 

Gradient = 48.9 

Unit = Pa °C-1 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2b(i) Draw an extreme fit line for the points shown in Fig. 2.1.  [1] 

Q2b(ii) Use the extreme fit line to determine the percentage uncertainty in the 
gradient of the best fit line in Fig. 2.1.  [3] 

Student’s response 

 

 

 

 

 

 

Percentage uncertainty = 18.2 % 

Examiner’s comments 

In (a) grade A boundary candidates were able to correctly read points from the line to 
calculate a consistent value for the gradient.  Most correctly deduced the unit. 

In (b) (i) best fit lines were usually acceptable for these candidates and they were 
awarded the mark.  In (ii) most grade A boundary candidates could work through the 
process to a correct outcome.  On occasions, some may have lost a mark by dividing 
by the new gradient but this was rare among these candidates. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q3 The graph in Fig. 3.1 shows how the square root of the electronvolt energy 
of a characteristic X-ray photon depends on the atomic number of the element 
from which it is emitted. 

 
The software package used to produce the graph in Fig. 3.1 has provided the 
equation of the best fit (trend) line. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

The relationship between the X-ray photon energy E and element atomic 
number Z is given by Equation 3.1  [3] 

E = a(Z – b)2 Equation 3.1 

where a and b are constants. 

Q3a Determine values for constants a and b.  [3] 

Student’s response 

 

 

 

 

 

 

a = 12.024 

b = 4.001 

Q3b State the units for constants a and b.  If there is no unit, state ‘NONE’.  [2] 

Student’s response 

Unit of a =  

Unit of b = NONE 

Examiner’s comments 

In (a) grade A boundary candidates were sometimes able to manipulate the equation 
correctly to calculate values for the constants.  In (b) it was common for them to get 
the unit of b correct but not to score the mark for the unit of a. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4 Table 4.1 provides data about the length of a simple pendulum and the 
periodic time of that pendulum.  All lengths were measured using a standard 
metre rule and all times were measured using a standard stopwatch/clock. 

Table 4.1 

 

Q4a(i) Calculate the periodic time of the pendulum of length 35.9 cm.  [2] 

Student’s response 

Periodic time = 1.21 s 

Q4a(ii) Calculate the mean time for 20 oscillations for the pendulum of  
length 54.2 cm.  [2] 

 

Student’s response 

Mean time = 29.55 s 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4a(iii) The pendulum length 95 cm is accurately measured but is recorded 
incorrectly.  Write down how it should be recorded and explain why your 
suggestion is correct.  [2] 

Student’s response 

95.0 

Every other length is recorded to 3. significant figures 

Q4b(i) Explain why 20 oscillations were timed.  [2] 

Student’s response 

To allow for a much more accurate periodic time to be calculated.  The time for 1 
oscillation is very small so the reaction of the brain may not be fast enough to 
accurately measure it with a stopwatch 

Q4b(ii) Explain why the timing for 20 oscillations was repeated 4 times.  [2] 

Student’s response 

Repeated for reliability and to identify any anomalous results. 

Examiner’s comments 

In part (a)(i) and (ii) grade A boundary candidates usually scored both marks.  In (iii) 
they may have quoted the correct value for the first mark but failed to recognise that 
it was due to the smallest division in the metre ruler so were not awarded the 
second. 

In (b)(i) and (ii) it was common for grade A boundary candidates to score 1 mark in 
each part, recognising that the time for a single oscillation was too small but not 
realising the significance and then failing to add that averaging improved accuracy. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5 A potential difference is applied across two resistors in series.  Fig. 5.1 shows 
the arrangement. 

 

• When the switch is closed the voltmeter records a potential difference of 
14.5 V.  The voltmeter reading has an uncertainty of ± 0.1 V. 

• Resistor R1 has a value of 470 Ω ± 10 %. 
• Resistor R2 has a value of 320 Ω ± 5 %. 

 

Q5a(i) Calculate the percentage uncertainty in the potential difference.  [2] 

Student’s response 

 

Percentage uncertainty = ± 0.69 % 

Q5a(ii) Calculate the percentage uncertainty in the total external resistance of  
the circuit.  [3] 

 

Student’s response 

 

 

Percentage uncertainty = ± 7.97 % 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5b When the switch is closed, use 𝑃𝑃 = 𝑉𝑉²
𝑅𝑅

 to determine the absolute uncertainty in 
the power dissipated in the external circuit. 

 

Student’s response 

 

 

 

Absolute uncertainty = ± 0.025 W 

Examiner’s comments 

Part (a)(i) and (ii) were well answered by grade A boundary candidates.  They 
correctly calculate the percentage uncertainty and were able to combine the 
percentage uncertainties together. 

In part (b) most were able to correctly fund the absolute uncertainty although some 
grade A boundary candidates may have lost a mark for failing to multiply the 
percentage uncertainty in V by two. 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q6 A student is verifying that the acceleration experienced by an object of 
constant mass is proportional to the resultant force acting on the object. 
Fig. 6.1 illustrates the experimental arrangement used by the student. 

 

 

Q6a State any data that has to be input to the Data Logger so that the acceleration 
of the trolley can be determined.  [1] 

Student’s response 

The length of the interrupt card 

Q6b Explain, fully, how the apparatus shown in Fig. 6.1 facilitates the 
determination of an accurate value for the resultant force.  [3] 

 
Student’s response 

The air track minimises friction which gives a more accurate value for g as virtually 
only g is acting on the system now with no opposition.  The pulley allows the 
movement of the card to face as little opposition from friction as possible too.  The 
data logger will record the acceleration to a great degree of accuracy (Much greater 
than a human with a stopclock). 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q6c The force is increased by adding further slotted masses to those suspended 
above the ground.  Explain why this is a problem and outline a procedure for 
overcoming this problem.  [3] 

Student’s response 

This also increases the mass of the system.  This can be overcome by initially 
placing a number of masses on the trolley and then adding them onto the hanger, 
thus increasing the force but keeping the mass of the system constant.  If the mass 
isn’t constant then the proportionality of Force and acceleration will not be observed 
as it should.  

Q6d Where would you position the light gates if you were performing the 
experiment using a 2 m long air track sitting on a bench 0.76 m high?  Explain 
your answer.  [3] 

Student’s response 

At the end of the bench furthest from the pulley.  (They would have to be less than 
76 cm apart). Here the data will be collected before the masses hit the ground and 
deceleration due to air resistance would affect the results. 

Examiner’s comments 

In part (a) grade A boundary candidates usually answered correctly without any 
additional data that was not required to be inputed. 

In part (b) grade A boundary candidates scored at least 1 mark recognising that the 
air track reduced friction.  The other marks were awarded less often and only the 
very best A grade candidates correctly identified how the value of the resultant force 
was determined.  

In part (c) some grade A boundary candidates were able to correctly identify the 
problem and suggest a solution although this tended to be centre based. 

In part (d) grade A boundary candidates scored at least 2 of the 3 available marks, 
sometimes omitting the explanation of what would happen to the resultant force if the 
masses hit the ground. 
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